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The Proceedings of the American Society for Testing Materials are 
published annually and include all reports and papers offered to the So- 
ciety during the current year and accepted by the Administrative Com- 
mittee on Papers and Publications for the Proceedings, together with 
discussion. 

The table of contents and subject and author indexes cover all papers _ 
and reports published by the Society during the current year, which in 
addition to those appearing in the Proceedings include those accepted 
for publication in the ASTM BULteTIN or in Special Technical Publi- 
cations. 


A list of the Special Technical Publications published by the Society 
in 1956 is given on page 1498 of this volume. This supplements the lists 
appearing in the Proceedings from 1948 to 1955 covering all special pub- 
lications published by the Society up to and including 1955. 
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Nothing contained in any publication of the American Society 

for Testing Materials is to be construed as granting any right, 

by implication or otherwise, for manufacture, sale, or use in con- 

nection with any method, apparatus, or product covered by Letters 

Patent, nor as insuring anyone against liability for infringement 
of Letters Patent. 


The Society is not responsible, as a body, for the statements 
and opinions advanced in this publication 
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1956, p. 34 (TP 212)) 

The Impact-Absorbing Capacity of Textile Yarns—J.C. Smith, F. L. McCrackin, and 
H. F. Schiefer (See ASTM Buttetin No. 220, February 1957, p. 52 (TP 4). 

The Characterization of Pressure-Sensitive Adhesives—F. H. Wetzel (See ASTM But- 
LETIN No. 221, A pril 1957, p. 64 (TP 72). 


Symposium on Ion-Exchange 
Summary of Proceedings of the Symposium on Ion- seeueeans (ASTM Special 
Technical Publication No. 195) 
Symposium on pH Measurement 
Summary of Proceedings of the “yall on — Measurement (ASTM Special 
Technical Publication No. 190).. 
Symposium on Tension Testing of Non-Metallic Materials 
Summary of Proceedings of the Symposium on Tension Testing of Non-Metallic 
Materials (ASTM Special Technical Publication No. 194) 
Symposium on Steam Quality 


Summary of Proceedings of the : ~ on Steam Quality (ASTM Special ; 
Technical Publication No. 192).. 1457 
Symposium on Corona 
Summary of Proceedings of the Symposium on Corona (ASTM Special Technical 
Publication No. 198)......... : 1458 


Symposium on Minimum Property Values of Electrical Insulating Materials 


Summary of Proceedings of the Symposium on Minimum Property Values of Elec- 
trical Insulating Materials (ASTM Special Technical Publication No. 
188) 
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This summary of the Fifty-ninth An- 
nual Meeting of the American Society 
for Testing Materials, held at the Chal- 
fonte-Haddon Hall Hotel, Atlantic City, 
N. J., June 18-22, 1956, is a record of 
the transactions of the meeting, including 
the actions taken on the various recom- 
mendations submitted by the technical 
committees. In all, 32 technical sessions 
were held. 

The registered attendance of the: meet- 
ing is as follows: Members present or 
represented, 1497; committee members, 
887; guests, 512; total, 2896; ladies, 204. 

The Proceedings are set forth session 
by session. There were 72 reports and 108 
formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports have 
been grouped so as to cover the accept- 
ance of material for publication as 
tentative, such as new specifications, 
methods of test, revisions of tentatives, 
and proposed revisions of existing stand- 
ards, and, as a separate group, the ap- 
proval of matters that were referred to 
letter ballot of the Society, comprising 
the adoption of tentatives as standard 
and the adoption of revisions of stand- 
ards. Accordingly, wherever the action 
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is reported ‘adopted as standard” or 
“adopted as standard, revisions in,” it 
is understood that this indicates approval 
of the Annual Meeting for reference to 
letter ballot of the Society.! The various 
recommendations so recorded are in- 
cluded in the Society letter ballot. The 
actions designated as ‘‘accepted as tenta- 
tive” or “accepted as tentative, revisions 
in” are self-evident as indicating accept- 
ance by the Society at the Annual 
Meeting for publication as tentative. 
Designations that have since been as- 
signed to new tentatives are included as 
information. 

All papers, unless otherwise noted, are 
published in the Proceedings. 

While all the items on the program are 
recorded under the particular session in 
which they are presented, for conven- 
ience in locating actions with respect to 
any particular report, the accompanying 
list is presented of all reports together 
with the page reference where the actions 
thereon are recorded. 


1 The letter ballot on recommendations affect- 
ing standards, distributed to the Society mem- 
bership, will be canvassed on September 10, 
1956; see Editorial Note, p. 31. 


"44 
4 A. | 
4 
{ 
hy | 
] 


LOCATION OF ACTION ON COMMITTEE REPORTS 


Committee: PAGE 
A-5 on Corrosion of Iron and Steel... 9 
A-10 on Iron-Chromium, Iron- Chromium- Nickel, and Related 22 
B-1 on Wires for Electrical 23 
B-2 on Non-Ferrous Metals and 16 
B-3 on Corrosion of Non-Ferrous Metals and Alloys.......................0.00000005- 23 
B-4 on Metallic Materials for Electrical Heating, Electrical Resistance, and Electrical Con- 

B-5 on Copper and C opper Alloys, Cast and Wrought...................... Oe: 
B-7 on Light Metals and Alloys, Cast and Wrought.....................600000eeeeeee 10 
B-S on Electrodeposited Metallic Coatings. 24 
B-9 on Metal Powders and Metal Powder 24 
Joint Committee on Effect of Temperature on the Properties of Metals................. 22 
C-2 on Magnesium Oxychloride and Magnesium Oxysulfate Cements................... 24 
C-21 on Ceramic Whiteware and Related 15 
D-1 on Paint, Varnish, Lacquer, and Related Products........................0000005 17 
D-2 on Petroleum Products and Lubricants. 28 
17 
D-6 on Paper and Paper vale 27 
D-8 on Bituminous W aterproofing and Roofing Materials... 30 
D-12 on Soaps and Other Detergents... 21 
D-16 on Industrial Aromatic Hydrocarbons and Related Materials..................... 18 
D-18 on Soils for Engineering Purposes... 31 


D-20 on Plastics 
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Committee: 


D-22 on Atmospheric Sampling and Analysis. ...................cccceceeecccsecceees 21 
E-S on Fire Teste ct Materinis and 5 
E-6 on Methods of Testing Building 5 
F-1 on Materials for Electron Tubes and Semiconductor Devices...................+0+5 28 
“al 
FIRST SESSION—OPENING SESSION 4 
Monpay, June 18, 2:00 p.m. 
ForMAL OPENING OF THE FiIFTY-NINTH ANNUAL MEETING, PRrEsIDENT C. H. FELLOws 


The session was first formally opened 
by President C. H. Fellows, who called 
attention to the very complete program 
of events that were to follow during the 


FIFTY-NINTH ANNUAL MEETING 


ensuing week. The meeting was then 
turned over to the session chairman, 
H. T. Williams, Duquesne Slag Prod- 
ucts Co. 


| 


SYMPOSIUM ON SPECIFIC GRAVITY OF BITUMINOUS 


4 ps SESSION CHAIRMAN: 


Introduction—The Role of Specific Gravity in 
the Design and Control of Bituminous Paving 
Mixtures—C. A. Carpenter, presented by the 
author. 

Measurement of Bituminous Concrete Core 
Densities and Density of Bituminous Coated 
Aggregates by Means of a Volumeter—F. M. 
Williams, L. E. Grimmer, M. M. McAdams, 
and S. Yanoshek, presented by Mr. Williams. 

Measurement of Maximum Theoretical Specific 


2 Issued as separate publication ASTM STP 
No. 191. 


H. T. 


Gravity of a Bituminous Mixture by Solvent 
Immersion—Paul J. Serafin, presented by the 
author. 

Development and Application of the Effective 
Specific Gravity of Bituminous Coated Ag- 
gregates—J. Rogers Martin and Andrew H. 
Layman, Jr., presented by Mr. Martin. 

Maximum Specific Gravity of Bituminous Mix- 
tures by Vacuum Saturation Procedure— 
James M. Rice, presented by the author. 

Specific Gravity and Voids Relationships in 
Bituminous Pavement Mix Design—J. I 
McRae, presented by the author. 
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(Continued in the Thirteenth and Sixteenth Sessions) 


SUMMARY OF PROCEEDINGS 


SECOND SESSION—METALS 
Monbay, JUNE 18, 8:00 
SESSION CHAIRMAN: G. V. SMITH 


Impact Properties of Quenched-and-Tempered 
Alloy Steels—J. P. Sheehan and Harry 
Schwartzbart, presented in abstract by the 
Chairman G. V. Smith. 

A Tensile Study of Brittle Behavior of a Rimmed 
Steel in the Temperature Range of —269 to 
160 C—E. T. Wessel, presented by the au- 
thor. 

Effects of a Number of Heat Treating and Test- 

ing Variables on the Notch Strength of 4340 


Steel—George Sachs, Volker Weiss, and 

Eugene Klier, presented by Mr. Weiss. 

An Empirical Relationship Between Rupture 
Life and Minimum Creep Rate in Creep 
Rupture Tests—Forest C. Monkman and 
Nicholas I. Grant, presented by Mr. Monk- 
man. 

The Effects of Strain Rate and Temperature on 
the Stress-Strain Relations of Deep-Drawing 
Steel—R. J. MacDonald, R. L. Carlson, and 
W. T. Lankford, presented by Mr. MacDonald. 


THIRD SESSION—CONCRETE 


Monpay, JuNE 18, 8:00 p.m. 
SESSION CHAIRMAN: A. A. BATES 


by 

Correlation of Sonic Properties of Concrete with 
Creep and Relaxation—Tien S. Chang and 
Clyde E. Kesler, presented by Mr. Kesler. 

Use of Fly Ash in Concrete—Albert G. Timms 
and William E. Grieb, presented by Mr. 
Grieb. 

Studies Relating to the Testing of Fly Ash for 

Use in Concrete—R. H. Brink and W. J. 

Halstead, presented by Mr. Brink. =. 


Effect of Revibration on the Properties of Port- 

- Jand-Cement Concrete—D. H. Sawyer and 
_ §. F. Lee, presented by Mr. Sawyer. 

A Statistical Study of Flexural Strength of Con- 
crete Beams—William C. Otto, presented by 
Mr. L. A. Palmer. 

Automatic Equipment and Cooperative Test 

Results for the Four ASTM Freezing-and- 

Thawing Methods for Concrete—H. T. Arni, 

B. E. Foster, and R. A. Clevenger, presented 


_ FOURTH SESSION—SYMPOSIUM ON ION-EXCHANGE AND 
CHROMATOGRAPHY IN ANALYTICAL CHEMISTRY 


Monpay, June 18, 8:00 p.m. 
SESSION CHAIRMAN: H. F. BEEGHLY 


Ion-Exchange in Analytical Chemistry—Robert 

Kunin, presented by the author. 
The Use of Ion-Exchange Techniques in Ana- 
lytical Chemistry and Radiochemistry—J. FE. 
Hudgens, presented by the author. 


Anion-Exchange in Metal Separations—Kurt 
Kraus, presented by the author. 

Ton-Exchange in the Analysis of Metals—John 
L. Hague, presented by the author. 


FIFTH SESSION—SYMPOSIUM ON SOLDER‘ 
TuEsDAY, JUNE 19, 9:30 a.m. 

4 HONORARY CHAIRMAN: PAST-PRESIDENT G. H. CLAMER 

SEssION CHAIRMAN: G. O. HiErRs 

Introduction by Bruce W. Gonser. Controlling Quality on Soldered Electrical Con- 

. Dip Soldering Printed Circuits—E. Miller, nections—W. H. Rombach, presented by the 
} presented by the author. author. 

sciiniaiaiepamaihcbas Solders, Fluxes and Techniques for Soldering 

Aluminum—J. D. Dowd, presented by the 


@ 
= 


% Issued as separate publication ASTM STP 


No. 196. author. 
4Issued as separate publication ASTM STP Corrosive Fluxes—Their Role in Soldering—R. 
No. 189. 


M. MacIntosh, presented by the author. 


. (Symposium Continued in the Ninth, Fourteenth, and Fifteenth Sessions) 
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SIXTH SESSION—SYMPOSIUM ON pH MEASUREMENT® 


Introduction by E. B. Ashcraft. 
Meaning and Standardization of pH Measure- 

ments—Roger G. Bates, presented by the 
author. 


Performance Studies of Reference Electrodes 
and Their Components at High Temperatures 


TUESDAY, JUNE 19, 9:30 a.m. 


SESSION CHAIRMAN: R. G. BATES 


and Pressures- 
by the author. 


John E. Leonard, presented 


Modern Developments in pH Instrumentation— 
W. R. Clark and G. A. Perley, presented by 
Mr. Clark. 


(Symposium Continued in the Tenth Session) 


"4 SEVENTH SESSION—COMMITTEE REPORT SESSION 


4 


Committee C-3 on 
Mortars: 


Chemical-Resistant 


Report presented by Beaumont Thomas, 
chairman, and the following action taken: 


Adopted as Standard: 


Test for Bond Strength of Chemical Resistant 
Mortars (C 321 - 54 T) 


Committee C-8 on Refractories: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 


Accepted as Tentative: 


Methods for Chemical Analysis of Refractory 
Materials (C 18 - 56 T) 


Accepted as Tentative, Revisions in: 
Methods of Chemical Analysis of Refractory 
Materials (C 18 - 52) 


Def. of Terms Relating 
(C 71 -55) 


to Refractories 


Adopted as Standard, Revisions in: 


Test for Pyrometric Cone Equivalent (P.C.E.) 
of Refractory Materials (C 24 - 46) 
Test for Disintegration of Fireclay Refractories 


5 Issued as separate publication ASTM STP 
No. 190. 


TUESDAY, JUNE 19, 11:30 a.m. 


SESSION CHAIRMAN: 


R. R. LITEHISER 


in an Atmosphere of Carbon Monoxide 
(C 288 - 54) 
Classification of Fireclay Refractories (C 27 - 41) 


Committee E-5 on Fire Tests of Materials 
and Construction: 


Report presented by R. C. Corson, secretary, 
and the following actions taken: 


Accepted as Tentative, Revisions in: 


Methods of Fire Tests of Door Assemblies 

(E 152 - 55 T) 

Methods of Fire Tests of Roof Coverings 

(E 108 — 55T) 

Methods of Fire Tests of Building Construction 

and Materials (E 119 - 55) 

The report as preprinted called for the addi- 
tion of a new Section 26 to Methods E 119, 
whereas this was intended as a replacement of 
the present Section 26. 


Committee E-6 on Methods of Testing 
Building Constructions: 
Report presented in the absence of the chair- 


man by E. C. Shuman, and accepted as a report 
of progress. 


Paper: 


The Effect of Weathering on Certain Mortars 
Exposed in Brick Masonry With and Without 
Caps and Flashings (Informal Presentation) — 


ee J. W. McBurney, presented by the author. 
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Board of Directors who were penne were 


EIGHTH SESSION 


50-YEAR MEMBERS 


About 370 were present at this annual 
luncheon session, including a number of 
ladies and visitors. 


Awards of Merit: 


The Chairman of the 1956 Award of 
Merit Committee, G. L. Werley, read 
brief citations and presented the follow- 
ing to President Fellows, who conferred 
on them, on behalf of the Board of Di- 
rectors, the certificate of the Award of 
Merit: 


L. Drew Betz 
Harry A. Bright 
Simon Collier 
William L. Fink 
Harry F. Gonnerman 
Bruce W. Gonser 
Fred Hubbard 
Roland P. Koehring 
Vincent T. Malcolm | 
ohn W. McBurney | 
Harry R. Wolf 1) 


Election of Officers: 


Results of the letter ballot on election 
of new officers were announced by L 
Drew Betz on behalf of the Teller’s 
Committee consisting of L. Drew Betz, 
chairman, and L. P. Mains. The results 
were as follows: 


For President, to serve for one year: 
R. A. Schatzel, 1796 votes. 
For Vice-President, to serve for two years: 
K. B. Woods, 1800 votes. 
For Directors, to serve for three years: 
M.N. Clair, 1786 votes. 
H. C. Cross, 1786 votes. 
G. H. Harnden, 1779 votes. 
R. R. Litehiser, 1797 votes. 
C. R. Stock, 1781 votes. 


The newly-elected members of the 


SUMMARY OF PROCEEDINGS 


TuEspDAY, JUNE 19, 12:00 Noon 


LUNCHEON, PRESENTATION OF AWARDS OF MERIT, INTRO- 
DUCTION OF NEW OFFICERS, PRESIDENT’S ADDRESS, AWARD OF HONORARY 
MEMBERSHIPS, REPORT OF BOARD OF DIRECTORS, RECOGNITION OF 40- AND 


CHAIRMAN: PAst-PRESIDENT N. L. MOcCHEL 


introduced, as were President-elect 
Schatzel and Vice-President Woods, 
the latter two men responding briefly. 


Presidential Address: 


The annual President’s Address was 
presented by C. H. Fellows. This address 
is printed in the July, 1956, ASTM 
BULLETIN. 


Award of Honorary Memberships: 


The Executive Secretary read cita- 
tions for the following four members who 
had been elected by the Board of Di- 


rectors to Honorary Membership in the . 


Society: 
H. J. Gilkey 
J. T. MacKenzie 
H. B. Oatley 
A. E. White 


Mr. Fellows presented the certificate 
to Messrs. Gilkey, MacKenzie, and 
Oatley. Mr. T. A. Boyd received the 
certificate for Mr. White. 


Report of the Board of Directors: 


R. J. Painter, Executive Secretary, 
presented a brief résumé of the Report 
of the Board of Directors. 


Recognition of 50- and 40-Year Members. 
Special Presentations: 


Chairman Mochel read the names of 
the thirteen members, both individual 
and company, who had been continu- 
ously affiliated with the Society for 50 
years. Certificates to that effect were pre- 
sented. The procedure was repeated for 
thirty-seven 40-year members. A com- 
plete list of the 50- and 40-year members 
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appears in the July, 1956, ASTM But- 
LETIN. 

The Chairman then presented the 
Past-President’s pin to retiring President 
C. H. Fellows. Mention was made that 
this meeting brings to a close for H. L. 
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Maxwell eight years on the Board of 
Directors, as Director, Vice-President, 
President, and Past-President. Recog- 
nition was also given to N. A. Fowler, 
T. F. Olt, and J. R. Townsend as retiring 
directors. 


NINTH SESSION—SYMPOSIUM ON SOLDER? 
(Symposium Continued from Fifth Session) 


TUESDAY, JUNE 19, 2:30 P.M. 


SESSION CHAIRMAN: G. H. HARNDEN 


> 


Tin Disease in Solder Type Alloys—A. Borne- 
mann, presented by the author. 

Gray Tin Formation in Soldered Joints Stored 
at Low Temperature—W. L. Williams, pre- 
sented by the author. 

The Performance of Some Soft Solders at Ele- 


vated Temperatures and Pressures—R. M. 
Evans and H. FE. Pattee, presented by Mr. 
Pattee. 

Fluxes and Their Application in Soldering—A. 


Z. Mample, presented by the author. 


(Symposium Continued in the Fourteenth and Fifteenth Sessions) 


TENTH SESSION—SYMPOSIUM ON pH MEASUREMENT® 


(Symposium Continued from Sixth Session) 


TUESDAY, JUNE 19, 2:30 P.M. 


SESSION CHAIRMAN: ROBERT BURNS 


Problems in Measurement of the pH of Blood 
and Other Biological Fluids—Julius Sendroy, 
Jr., presented by the author. 

Quantitative Applications of pH Measurements 
in Analytical Chemistry—Henry Freiser, 
presented by the author. 


Theoretical and Practical Problems in the Meas- 
urement of Acidity in Nonaqueous Media— 
Martin Kilpatrick, presented by the author. 

Indicator Acidity Functions for Nonaqueous and 
Mixed Solvents—M. A. Paul and F. A. 
Long, presented by Mr. Paul. 


RouND-TABLE DISCUSSION ON STATISTICAL ASPECTS 
or ASTM SPECIFICATIONS 


TUESDAY, JUNE 19, 2:30 P.M. 
Under auspices of Committee E-11 on Quality Control 
H. F. Dodge, Chairman 
— O. P. Beckwith, Secretary 


om 


This round-table session was arranged in order to pro- 
vide an opportunity for members of the Society and par- 
ticularly of the technical committees to discuss their 
mutual problems in the field of statistical analysis and 
quality control techniques. To initiate the discussion the 
following three papers were presented: 


Comment on Applying Statistical Requirements 


‘ a Sponsored by Subcommittee I on ASTM Problems — 
C. A. Bicking, Chairman 


in ASTM Standards—presented by Frank 
Grubbs. 

Acceptance Provisions in Some ASTM Speci- 
fications and Their Relationship to Buyer- 
Seller Relations—presented by W. R. Pabst, Jr. 

Analysis of Quality Control Provisions in ASTM 
Specifications and Suggestions for Improve- 
ment—presented by Oliver Beckwith. 
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All microscopists have made some accessories for the 
optical or electron microscopes, or for the preparation of 
samples; however, they have had little opportunity for the 
general exchange of information on such accéssories. In 
accordance with the purposes of Subcommittee 28 on Mi- 
croscopy, of Committee E-1 on Methods of Testing, to 


SUMMARY OF PROCEEDINGS 


Discussion ON NON-COMMERCIAL MICROSCOPIC ACCESSORIES 
TuEsDAY, JUNE 19, 2:30 P.M. 


Sponsored by Subcommittee 28 on Microscopy of 
Committee E-1 on Methods of Testing : 


F. G. Foster, Chairman 
A. F. Kirkpatrick, Secretary 


J. H. Hamill, Chairman of Discussion Session 


develop standards and methods applicable in industrial 
microscopy and to sponsor symposiums and collect and 
distribute microscopical information, this session on ac- 
cessories was organized. 

To stimulate discussion from the floor, several brief 
presentations werescheduled. 


Committee A-I on Steel: 


Report presented in the absence of the chair- 

man by W. F. Collins, vice-chairman, and the 
following actions taken: 


Spec. for High Tensile Strength Carbon-Man- 
Unfired Pressure 


Accepted as Tentative: 


ganese Steel Plates for 

‘Vessels (A 397 56 T) 

_ Spec. for Chromium-Silicon Steel Spring Wire 
(A 401 - 56 T) 

Spec. for Chromium-Silicon Steel Valve Spring 
Quality Wire (A 402 — 56 T) 

Spec. for Factory-Made Wrought Austenitic 
Steel Welding Fittings (A 403-56T), with 
the deletion in footnote a of Table I of the 
words “if the welding overlay is removed.” 

7 Spec. for Forged or Rolled Alloy-Steel Pipe 

Flanges, Forged Fittings, and Valves and 

Parts Specially Heat-Treated for High- 
Temperature Service (A 404 — 56 T) 

Spec. for Seamless Ferritic Alloy-Steel Pipe 
Specially Heat-Treated for High-Temperature 
Service (A 405 - 56 T) 

Ree. Practice for the Selection of Steel Bar Com- 

positions According to Section (A 400 - 56 T) 


4 


Accepted as Tentative, Revisions in: 
“. Spec. for General Requirements for Delivery of 
Rolled Steel Plates, Shapes, Sheet Piling, and 
_ Bars for Structural Use (A 6 - 54 T) 


ELEVENTH SESSION—COMMITTEE REPORT SESSION 
TueEspAy, JUNE 19, 4:30 P.M. 


Session CHAIRMAN: R. C. ALDEN 


Spec. for Steel for Bridges and Buildings 
(A7-55 T) 

Spec. for Low-Carbon Steel Track Bolts and 
Nuts (A 76-55) 

Spec. for Seamless Steel 
(A 83 - 55 T) 

Spec. for Electric-Fusion-Welded Steel Pipe for 

' High-Temperature Service (A 155 - 55 T) 

Spec. for Electric-Resistance-Welded Steel and 
Open-Hearth Iron Boiler Tubes (A 178 - 55 T) 

Spec. for Seamless Cold-Drawn Low-Carbon 
Steel Heat-Exchanger and Condenser Tubes 
(A 179 - 55 T) 

Spec. for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and 
Parts for High-Temperature Service (A 
182-55 T), with the withdrawal from the 
report as preprinted of the revision of Table 


Boiler Tubes 


Spec. for Alloy-Steel Bolting Materials for High- 
Temperature Service (A 193 - 55 T) 

Spec. for Carbon and Alloy-Steel Nuts for Bolts 
for High-Pressure and High-Temperature 
Service (A 194-55 T) 

Spec. for Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat-Exchanger and Cond nser 
Tubes (A 199 - 55 T) 

Spec. for Seamless Alloy-Steel Boiler, Super- 
heater, and Heat-Exchanger Tubes (A 213 - 
55 T), with the withdrawal from the report as 
preprinted of new grades TP 304L and 
TP 316 L. 
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Spec. for Electric-Resistance-Welded Steel 
Heat-Exchanger and Condenser Tubes 
(A 214-55 T) 

Spec. for Carbon-Steel Castings Suitable for 
Fusion Welding for High-Temperature Serv- 
ice (A 216 - 53 T) 

Spec. for Electric-Resistance-Welded Steel 
Boiler and Superheater Tubes for High- 
Pressure Service (A 226 - 55 T) 

Spec. for Factory-Made Wrought Carbon Steel 
and Ferritic Alloy-Steel Welding Fittings 
(A 234 — 52a T) 

Spec. for Welded Austenitic Stainless Steel 
Boiler, Superheater, Heat-Exchanger, and 
Condenser Tubes (A 249-55 T), with the 
withdrawal from the report as preprinted of 
the new grades TP 304 L and TP 316 L. 

Spec. for Seamless and Welded Austenitic 

Stainless Steel Pipe (A 312-55 T), with the 
withdrawal from the report as preprinted of 
new grades TP 304 L and TP 316L. 

Spec. for Alloy-Steel Bolting Materials for Low- 
Temperature Service (A 320-55 T) 


Spec. for Heavy-Walled Carbon and Low 
Alloy-Steel Castings for Steam Turbines 
(A 356 -— 52 T) 


Spec. for 5 Per Cent Chromium, 0.5 Per Cent 
Molybdenum Steel Plates for Boilers and 
Other Pressure Vessels (A 357 — 54 T) 

Spec. for Electric-Fusion-Welded Austenitic 
Chromium-Nickel Alloy-Steel Pipe for High- 
Temperature Service (A 358 — 55 T) 

Spec. for Structural Steel for Welding (A 373 - 
54 T) 

Spec. for Seamless Austenitic. Steel Pipe for 
High-Temperature Central-Station Service 
(A 376-55 T) 

Spec. for Chromium-Molybdenum Steel Plates 
for Boilers and Other Pressure Vessels 
(A 387 - 55 T) 

Spec. for Alloy-Steel Castings Normalized and 
Drawn for High-Pressure and Elevated Tem- 
perature Service (A 389 - 55 T) 

Spec. for Alloy-Steel Chain (A 391 — 55 T) 

The committee withdrew from the report as 
preprinted the revisions of the Specification for 
Untreated Carbon-Steel Axles for Export and 
for General Industrial Use (A 383 - 55 T). 


Adopted as Standard: 


Spec. for Open-Hearth Carbon-Steel 
(A 1-54 T) 

Spec. for General Requirements for Delivery of 
Rolled Steel Plates of Flange and Firebox 
Qualities (A 20 - 54 T) 

Spec. for boiler and Firebox Steel for Locomo- 
tives (A 30 - 54 T) 


Rails 
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Spec. for Open-Hearth Iron Plates of Flange 
Quality (A 129 - 54 T) 

Spec. for Chromium-Manganese-Silicon (CMS) 
Alloy-Steel Plates for Boilers and Other 
Pressure Vessels (A 202 - 54 T) 

Spec. for Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203 - 54 T) 

Spec. for Molybdenum-Steel Plates for Boilers 
and Other Pressure Vessels (A 204 - 54 T) 

Spec. for Manganese-Vanadium Steel Plates for 
Boilers and Other Pressure Vessels (A 225 - 
54 T) 

Spec. for High-Tensile Strength Carbon-Man- 
ganese-Silicon Steel Plates for Boilers and 
Other Pressure Vessels (A 299 — 54 T) 

Spec. for Steel Plates for Pressure Vessels for 
Service at Low Temperatures (A 300 - 54a T) 

Spec. for Manganese-Molybdenum Steel Plates 
for Boilers and Other Pressure Vessels (A 302 - 
54 T) 

Spec. for Low-Carbon High-Nickel Steel Plate 
for Pressure Vessels (A 353 — 54 T) 

Method of Tension Testing of Steel Spring 
Wire (A 318 - 48 T) 

Spec. for Nickel-Chromium-Molybdenum Steel 
Bars for Springs (A 332 — 51 T) 


Adopted as Standard, Revisions in: 


Spec. for Oil-Tempered Steel Spring Wire 
(A 299 — 41) 

Spec. for Steel Tires (A 26 - 39) 

Spec. for Structural Steel for Locomotives and 
Cars (A 113 - 54) 

Spec. for Structural Steel for Ships (A 131-55) 

Spec. for Heat-Treated Carbon-Steel 1 olting 
Material (A 261 — 54) 

Spec. for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service 
(A 269 - 55) 

Spec. for Seamless Austenitic Chromium-Nickel 
Steel Still Tubes for Refinery Service (A 271 - 
55) 


Standard Withdrawn: 


Spec. for Carbon-Steel Castings for Valves, 
Flanges, and Fittings for High-Temperature 
Service (A 95 - 44) 


Tentative Withdrawn: 


Spec. for Chromium-Molybdenum Steel Plates 
for Boilers and Other Pressure Vessels (A 301 - 
54a T) 


Committee A-5 on Corrosion of Iron and 
Steel: 


Report presented by A. P. Jahn, chairman, 
and the following action taken: 
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Accepted as Tentative: 
Spec. for Zinc-Coated (Galvanized) Steel Poultry 
Netting (Hexagonal and Straight Line and 
Woven Steel Poultry Fencing (A 390 - 56 T) 


Committee B-7 on Light Metals and Alloys, 
Cast and Wrought: 


Report presented by I. V. Williams, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Aluminum-Alloy Drawn Seamless 
Coiled Tubes for Special Purpose Applications 
(B 307 - 56 T), changing Section 8 to read, 
“Tension test specimens shall be of the full 
section of the tube.” 

Spec. for Aluminum-Alloy Standard Structural 
Shapes, Rolled or Extruded (B 308-56 T), 
with the addition to the end of Section 1 on 
Scope of the words “such as angles, zees, 
channels, and I-beams,” and a change in 
Table I to indicate the iron, per cent for alloy 
SG11B as 0.50. 


4 ccepled as Tentative, Revisions in: 


Spec. for Aluminum-Base Alloy Sand Castings 
(B 26-55 T) 

Spec. for Magnesium-Base Alloy Sand Castings 

(B 80-55 T) 

Spec. for Magnesium-Base Alloy Sheet (B 90 - 
55 T), changing in Table I Alloy “AZ31B” to 

“AZ31A.” 

Spec. for Magnesium-Base Alloy Forgings 
(B 91-55 T), with a change in footnote b for 
Table II by the deletion of the words “less 
than 6 in. thick.” 

Spec. for Magnesium-Base Alloys in Ingot 
Form for Sand Castings, Die Castings, and 
Permanent Mold Castings (B 93 - 55 T) 

Spec. for Magnesium Alloy Bars, Rods, and 
Shapes (B 107 - 55 T) 

Spec. for Aluminum-Base Alloy Permanent 
Mold Castings (B 108-55 T), with the fol- 
lowing additional change: 

Table IV.—Add Alloy SC103A with the fol- 
lowing properties and characteristics: 


Approximate Melting Range, F... 970-1080 
Foundary Characteristics 

Resistance to Hot Cracking.... 

Pressure Tightness 


1 
2 
Solidification Shrinkage Tend- 
ency 2 
Normally Heat Treated. ...... aged only 
3 


Other Characteristics 
Resistance to Corrosion 
4 


+t 10 SUMMARY OF PROCEEDINGS 


3 

Anodizing (Appearance)....... 5 

Chemical Oxide Coating (Pro- 
3 


Strength at Elevated Tempera- 


Suitability for Welding........ 3 
Suitability for Brazing........ No 


Spec. for Aluminum-Alloy Sheet and Plate for 
Pressure Vessel Applications (B 178 - 55 T), 
referencing the present footnote 5 after the 
tensile strength values for the O temper of 
alloy GM40A in Table II. 

Spec. for Magnesium-Base Alloy Permanent 
Mold Castings (B 199 — 55 T) 

Spec. for Aluminum-Alloy Sheet and Plate 
(B 209-55 T), referencing the present foot- 
note 7 after the O temper of alloy GM40A in 
Table II. 

Spec. for Aluminum-Alloy Drawn Seamless 
Tubes (B 210 - 55 T) 

Spec. for Aluminum-Alloy Bars, Rods, and Wire 
(B 211 - 55 T) 

Spec. for Magnesium-Base Alloy Extruded 
Tubes (B 217 - 55 T) 

Spec. for Aluminum-Alloy Extruded Bars, Rods, 
and Shapes (B 221 - 55 T) 

Spec. for Aluminum-Alloy Drawn Seamless 
Tubes for Condensers and Heat Exchangers 
(B 234-55 T) 

Spec. for Aluminum-Alloy Extruded Tubes 
(B 235 - 55 T) 

Spec. for Aluminum Bars for Electrical Pur- 
poses (B 236-55 T) 

Spec. for Aluminum-Alloy Pipe (B 241 - 55 T) 

Spec. for Aluminum-Alloy Bars, Rods, and 
Shapes for Pressure Vessel Application 
(B 273 - 55 T) 

Spec. for Aluminum-Alloy Pipe and Tube for 
Pressure Vessel Applications (B 274 - 55 T) 


Adopted as Standard: 


Method of Measuring Thickness of Anodic 
Coatings on Aluminum by Means of the Fil- 
meter (B 244 - 49 T) 

Rec. Practice for Temper Designation of Light 
Metals and Alloys, Cast and Wrought 
(B 296 - 54 T) 


Adopted as Standard, Revisions in: 


Spec. for Magnesium Ingot and Stick for Re- 
melting (B 92 — 55) 

Spec. for Aluminum-Base Alloys in Ingot Form 
for Sand Castings, Die Castings, and Per- 
manent Mold Castings (B 179 — 55) 7 

a*. 

Standard Withdrawn: 

Spec. for Aluminum Ingots for Remelting 

(B 24 - 46) 
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Committee C-4 on Clay Pipe: 


Report presented by J. C. Riedel, chairman, 
and the following action taken: 


Adopied as Standard: 
Spec. for Clay Flue Linings (C 315 — 53 T) 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by W. H. Price, chairman, 
and the following actions taken: 7" 


Accepted as Tentative, Revisions in: 


Spec. for Concrete Aggregates (C 33 - 55 T) 

Test for Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate (C 88 - 
55 T) 

Spec. for Lightweight Aggregates for Insulating 
Concrete (C 332 — 54 T) 

Test for Resistance of Concrete Specimens to 
Rapid Freezing and Thawing in Water 
(C 290 - 52 T) 

Test for Resistance of Concrete Specimens to 
Rapid Freezing in Air and Thawing in Water 
(C 291 - 52 T) 

Test for Resistance of Concrete Specimens to 
Slow Freezing and Thawing in Water or 
Brine (C 292 - 52 T) 

Test for Resistance of Concrete Specimens to 
Slow Freezing in Air and Thawing in Water 
(C 310 - 53 T) 

Test for Bleeding of Concrete (C 232 — 53 T) 

Test for Compressive Strength of Molded Con- 
crete Cylinders (C 39 — 49) 

Test for Organic Impurities in Sands for Con- 
crete (C 40 - 48) 

Test for Air Content of Freshly Mixed Concrete 
by the Pressure Method (C 231 — 54) 


Adopted as Standard: 


Descriptive Nomenclature of Constituents of 
Natural Mineral Aggregates (C 294 - 54 T) 
Spec. for Liquid Membrane-Forming Com- 
pounds for Curing Concrete (C 309 - 53 T) 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Cuencrete and Concrete 
Aggregates (C 125 — 48) 

Spec. for Waterproof Paper for Curing Concrete 
(C 171 - 53) 
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Committee C-13 on Concrete Pipe: 


Report presented by R. R. Litehiser, chair- 
man, and the following actions taken: 


Adopted as Standard, Revisions in: 


Spec. for Concrete Sewer Pipe (C 14-55): 
Covering (1) adoption as standard of present 
tentative revisions of Sections 3, 9, 18, and 
19; and (2) immediate adoption of revisions 
of Sections 17 (6), and 29 (z). 

Spec. for Reinforced Concrete Sewer Pipe 
(C 75 -— 55) 

Spec. for Reinforced Concrete Culvert Pipe 
(C 76-55) 

Spec. for Concrete Irrigation and Drainage Pipe 
(C 118 - 55) 


Committee C-15 on Manufactured Masonry 
Units: 


Report presented in the absence of the chair- 
man by J. W. Caum, and the following action 
taken: 


Adopted as Standard, Revisions in: 


Methods of Sampling and Testing Concrete 
Masonry Units (C 140 - 55) 
C-18 


Committee on Natural 


Stones: 


Building 


Report presented in the absence of the chair- 
man by J. W. Caum, and the following action 
taken: 

Accepted as Tentative, Revisions in: 
Test for Durability of Slate for Roofing (C 217 - 

48 T) 

Commitiee C-20 on Acoustical Materials: 


Report presented in the absence of the chair- 
man by J. W. Caum, and the following action 
taken: 


Accepted as Tentative: 
Test for Impedance and Absorption of Acoustical 
Materials by the Tube Method (C 384 - 56 T) 


Committee E-11 on Quality Control of 
Materials: 


Report presented in the absence of the chair- 
man by J. W. Caum, and accepted as a report 
of progress. 
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Fifth Gillett Memorial Lecture: 

President Fellows called upon Mr. 
Bruce Gonser of Battelle Memorial Inst., 
who remarked upon the establishment 
of the H. W. Gillett Memorial Lecture. 
This lecture is sponsored jointly by the 
ASTM and the Battelle Memorial Inst. 
to perpetuate the memory of Horace W. 
Gillett, one of America’s leading tech- 
 nologists, the first Director of Battelle 
- Memorial Inst., and for many years a 
very active worker in the Society, 
through the presentation of a lecture on a 
- subject pertaining to the development, 


Mr. Bruce Gonser introduced D. K. 
Crampton, Director of Research and 
_ Development, Chase Brass and Copper 
i - Co., who presented the fifth H. W. Gil- 
lett Memorial Lecture on the subject, 
“Structural Chemistry and Metallurgy 


TWELFTH SESSION—GILLETT MEMORIAL LECTURE” 


TurEspay, JuNE 19, 5:00 p.m. 


new SESSION CHAIRMAN: Present C. H. FELLows 


of Copper.” The lecturer explored three 
aspects of microstructure of copper. The 
first portion covered some new work on 
recrystallization and grain growth of 
copper alloys, investigating time inter- 
vals much shorter than have been used 
heretofore. In the second portion the 
lecturer dealt with the structural chem- 
istry of copper and copper alloys and 
more particularly the relations of grains 
and grain boundaries both in pure copper 
and some copper alloys. Lastly Mr. 
Crampton described new investigations 
of the fundamentals of corrosion and 
corrosion resistance of copper and some 
of the factors affecting the incidence and 
growth of corrosion pits. 

President Fellows expressed appreci- 
ation to Mr. Crampton for his outstand- 
ing lecture and presented to him on be- 
half of the Society the H. W. Gillett 
Memorial Lecture Certificate. 


a Correlation of Torsional and Tensile Prestrain 

Effects on Fracture Properties—I. Rozalsky, 
presented by the author. 

Factors Affecting the Forming Properties of 


T. Richards and Ellsworth M. Smith, pre- 
sented by Mr. Richards. 

The Effect of Irradiation on the Mechanical 
Properties of Zirconium—R. £. Kemper, Jr. 
and W. S. Kelly, presented by Mr. Kemper. 


5¢ Tssued as separate publication. 


THIRTEENTH SESSION—METALS 
(Continued from Second Session) 
TUESDAY, JUNE 19, 8:00 P.m. 


SESSION CHAIRMAN: P. V. GARIN 


(Continued in the Sixteenth Session) 


The Effect of Brittle Skins on the Ductility of 
Metals—G. W. Form and W. M. Baldwin, 
Jr., presented by Mr. Form. 

Notch Tensile Behavior of Face-Centered 
Cubic Metals—E. J. Ripling, presented by 
G. W. Form. 

Materials for Helical Compression Springs for 
Use at Constant Deflection from 600 to 1400 
F—R. G. Matters and R. E. Lochen, pre 
sented by Mr. Matters. = 
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(Continued from Fifth and Ninth Sessions) 
TUESDAY, JUNE 19, 8:00 P.M. 


SESSION CHAIRMAN: L. L. WyMAN 


Ultrasonic Soldering of Aluminum—J. B. Jones 
and J. G. Thomas, presented by Mr. Thomas. 
Numerical Evaluation System for Soft Solders, 
™uxes, and Solderability—L. Pessel, pre- The Use of Rosin and Activated Rosin Fluxes— 


s ated by the author. F. C. Disque, Jr., presented by the author. 


Dip-Soldered Printed Circuit Joint Characteris- 
tics—A. A. Johns, presented by the author. 


(Continued in the Fifteenth Session) ? 


; | 
FIFTEENTH SESSION—SYMPOSIUM ON SOLDER‘ 

(Symposium Continued from Fifth, Ninth, and Fourteenth Sessions) 


WEDNESDAY, JUNE 20, 9:30 A.M. 


SESSION CHAIRMAN: R. M. MAcINTOSH 


Soldering in Semiconductor Devices—W. F. Aluminum Casting—M. V. Davis, presented 
Le as, presented by the author. by the author. 

Industrial Survey of Paste Solder Alloys— 
H. R. Williams, presented by the author. 

Method for Testing and Evaluating the Joint Sohl, presented by the author. 

Prope:ties of a Copper Liner Soldered in an Symposium Summation by G. H. Harnden. 


Non-Corrosive and Intermediate Fluxes—H. C. 


SIXTEENTH SESSION—METALS 


(Continued from Second and Thirteenth Sessions) i a 
WepNEsDAY, JUNE 20,9:30AM. 

Session CHAIRMAN: F.L. LaAQUE 


The Strength of Certain Stainless and Carbon O. D. Sherby, T. A. Trozera, and J. E. Dorn, 


Steels at Low Temperatures—S. C. Collins, presented by Mr. Paul Shahinian. 
F. D. Ezekiel, O. W. Sepp, and J. W. Rizika, | Notch and Smooth Bar Stress Rupture Charac- 
presented by Mr. Collins. teristics of Several! High-Strength, Heat- 


Effect of Composition and Heat Treatment upon Resisting Alloys in the Temperature Range 
the Impact Properties of AISI Types 403 and Between 600 and 1000 F—J. G. Sessler and 
410 Stainl Steel—E. J. Whittenberger W. F. Brown, Jr., presented by Mr. Brown. 

ger, Autographic Bearing-Strength Test Method and 
E. R. Rosenow, and D. J. Carney, presented Typical Test Values on Some Magnesium 


by Mr. Whittenberger. ; ‘ Alloys at Room and Elevated Temperatures— 
Effect of Creep Stress History at High Tem- James A. Gusack and A. A. Moore, presented 
peratures on the Creep of Aluminum Alloys— by Mr. Moore. 
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Committee D-20 on Plastics: 


. and the following actions taken: 


Accepted as Tentative: 


Spec. and Methods of Test for Polychlorotri- 

fluoroethylene Molding and Extrusion Ma- 

terials (D 1430 - 56 T) 

Spec. for Styrene-Acrylonitrile Copolymer Mold- 

ing and Extrusion Materials (D 1431- 6T) 

¥ Spec. for Nonrigid Polyvinyl Chloride and Co- 

polymer Molding and Extrusion Compounds 

(D 1432 - 56 T) 

Test for Flammability of Flexible Thin Plastic 

Sheeting (D 1433 - 56 T) 

Test for Gas Transmission Rate of Plastic Sheet- 
ing (D 1434 - 56 T) a 

Rec. Practice for Outdoor Weathering of Plastics 
(D 1435 - 56 T) 


_ Accepted as Tentative, Revisions in: 


Spec. for Polystyrene Molding Compounds 
(D 703 - 49 T) 

Spec. for Melamine-Formaldehyde 

Compounds (D 704 55 T) 

Spec. for Methacrylate Molding and Extrusion 
Compounds (D 788 - 48 T) 

Test for Resistance of Plastics to Chemical 

Reagents (D 543 - 52 T) 

Nomenclature of Descriptive Terms Pertaining 
to Plastics (D 675 - 55 T) 

Def. of Terms Relating to Plastics (D 883 - 
55 T), with the withdrawal of the definition 
for “Compression Molding,” and changes in 
in the definitions for Gel Point, and Syneresis 
to read as follows: 

Gel Point.—The stage at which a liquid system 
becomes a gel. (See second definition of 
Gel.) 

Note:—This may be caused by such 
factors as continuing polymerization, change 
in temperature, or loss of solvent. 

Syneresis.—The contraction of a gel. 
Note:—This is usually evidenced by the 

separation of a liquid. (See first definition of 

Gel.) 

Methods of Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 618 — 54) 

_ Spec. for Cast Methacrylate Plastic Sheets, 

Rods, Tubes and Shapes (D 702 - 46) 


Molding 


SUMMARY OF PROCEEDINGS 


A SEVENTEENTH SESSION—COMMITTEE REPORT SESSION | 


WEDNESDAY, JUNE 20, 11:30 A.M. _ 


Report presented by R. K. Witt, chairman, 


SEsSION CHAIRMAN: K. B. Woops 


Test for Flammability of Plastics 0.050 in. and 
Under in Thickness (D 568 — 43) 

Test for Flammability of Plastics 0.050 in. and 
Over in Thicknéss (D 635 — 44) 


Adopted as Standard: 


Spec. for Enclosures and Servicing Units for 
Tests Above and Below Room Temperature 
(D 1197 - 54 T) 

Test for Impact Resistance of Plastics and 
Electrical insulating Materials (D 256 — 54 T) 

Rec. Practice for Long-Time Creep or Stress- 
Relaxation of Plastics Under Tension or 
Compression Loads at Different Temperatures 
(D 674 - 51 T) 

Test for Heat Distortion Temperature of Plastics 
(D 648 - 45 T) 

Test for Resistance of Transparent Plastics to 
Surface Abrasion (D 1044 - 54 T) 

Test for Warpage of Sheet Plastics (D 1181 - 
51 T) 

Test for Resistance to Abrasion of Plastic Ma- 
terials (D 1242 - 52 T) 

[The recommendation for the adoption as 
standard of the Tentative Methods of Testing 
Vulcanized Fibre Used for Electrical Insulation 
(D 619 - 54 T) was necessarily contingent upon 
the corresponding recommendation on the part 
of Committee D-9 on Electrical Insulating Ma- 
terials since the methods are under the joint 
jurisdiction of the two committees. Committee 
D-9 withdrew its concurrence in the recom- 
mendation, and Committee D-20’s recommenda- 
tion is accordingly being withheld.] 


Adopted as Standard, Revisions in: 


Test for Resistance of Plastics to Accelerated 
Service Conditions (D 756 - 50) - 


Tentatives Withdrawn: 


Spec. for Nonrigid Vinyl Chloride-Acetate Resin 
Plastics (D 742 - 46 T) 

Spec. for Nonrigid Vinyl Chloride Plastics 
(D 744 - 49 T) 


Committee C-14 on Glass and Glass 
Products: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 
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Adopted as Standard: 


Methods of Sampling Glass Containers (C 224 - 
53 T) 

Methods of Testing Structural Non-Load-Bear- 
ing Cellular Glass Blocks (C 240 - 54 T) 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Glass and Glass 
Products (C 162 — 52) 


Committee C-16 on Thermal Insulating 
Materials: 


Report presented in the absence of the chair- 
man by W. L. Gantz, secretary, and the follow- 


ing actions taken: 

Accepted as Tentative: 

Spec. for Cellular Glass Thermal Insulation for 
Pipes (C 381-56T), with a revision in 
Section 5 (a) consisting of changing 13-in. to 
read 18-in. 

Spec. for Mineral Wool Felt Insulation (Indus- 
trial Type) for Elevated Temperatures 
(C 382 - 56 T) 

Test for Wet Adhesion of Thermal Insulating 
Cements to Metal (C 383 - 56 T) 


Adopted as Standard: 


Spec. for Cellular Asbestos Paper Thermal 
Insulation for Pipes (C 298 — 52 T) 

Spec. for Laminated Asbestos Thermal Insula- 
tion for Pipes (C 299 - 52 T) 

Spec. for Cellular Glass Insulating Block 
(C 343 - 54 T) 

Spec. for Corkboard Thermal Insulation (C 352 - 
54 T) 

Test for Density of Preformed Pipe-Covering- 
Type Thermal Insulation (C 302 - 52 T) 

Test for Density of Preformed Block-Type 
Thermal Insulation (C 303 - 52 T) 

Test for Adhesion of Dried Thermal Insulating 
Cements (C 353 - 54 T) 

Test for Compression Strength of Thermal 
Insulating Cements (C 354 — 54 T) a 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Thermal Insulating 
Materials (C 168 - 51) 


Tentative Withdrawn: 
Test for Vibration Resistance of Preformed 
Thermal Insulation (C 304 - 52 T) 
The committee withdrew from the report as 
preprinted the tentative revision of the Defi- 


nitions of Terms Relating to Thermal Insulating 
Materials (C 168 — 51) 
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Committee C-21 on Ceramic Whitewares 
and Related Products: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 


Accepted as Tentative 


Def. of Terms Relating to Ceramic Whitewares 
and Related Products (C 242 - 56 T) rer 


Adopted as Standard: 


Methods of Sampling Ceramic Whiteware Clays 
(C 322 - 53 T) 

Method of Chemical Analysis of Ceramic White- 
ware Clays (C 323 —- 53 T) 

Test for Free Moisture in Ceramic Whiteware 
Clays (C 324-53 T) 

Test for Wet Sieve Analysis of Ceramic White- 
ware Clays (C 325 - 53 T) 

Method for Determination of Drying and Firing 
Shrinkages of Ceramic Whiteware Clays 
(C 326 - 53 T) 

Test for Linear Thermal Expansion of Fired 
Ceramic Whiteware Materials by the Inter- 
ferometric Method (C 327 - 53 T) 

Test for Flexural Properties of Fired Dry-Pressed 
Whiteware Specimens at Normal Tempera- 
tures (C 328 —- 53 T) 

Test for Specific Gravity of Fired Ceramic 
Whiteware Materials (C 329 - 53 T) 

Test for Impact Resistance of Ceramic Table- 
ware (C 368 — 55 T) 

Test for Modulus of Rupture of Fired, Cast or 
Extruded Whiteware Products (C 369 - 55 T) 

Test for Moisture Expansion of Fired Whiteware 
Products (C 370 - 55 T) 

Test for Sieve Analysis of Nonplastic Pulverized 
Ceramic Materials (C 371 - 55 T) 

Test for Linear Thermal Expansion of Fired 
Whiteware Products by the Dilatometer 
Method (C 372 - 55 T) 

Test for Water Absorption, Bulk Density, Ap- 
parent Porosity, .and Apparent Specific 
Gravity of Fired Porous Whiteware Products 
(C 373 - 55 T) 


Adopted as Standard, Revisions in: 

Def. of Terms Relating to Ceramic Whiteware 
and Similar Products (C 242 - 55) 

Committee C-22 on Porcelain Enamel: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 
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Accepted as Tentative: 


Test for Thermal Shock Resistance of Porcelain- 


Enameled Utensils (C 385 - 56 T) 


Accepted as Tentative, Revisions in: 


al of Terms Relating to Porcelain Enamel 


SUMMARY OF PROCEEDINGS 


Paper: 


A Method for Evaluating Surface Flammability P 
of Materials Using a Radiant Energy Source— 5. 
A. F. Robertson, D. Gross, and J. Loftus, 


(C 286 - 55 T) presented by Mr. Gross. 
= 
a 
EIGHTEENTH SESSION—SYMPOSIUM ON TENSION A 
TESTING OF NON-METALLIC MATERIALS _ S 
WEDNESDAY, JUNE 20, 2:00 P.M. 1 
SESSION CHAIRMAN: A. C. WEBBER 
Committee E-1 on Methods of Testing: Adopted as Standard, Revisions in: - 
Report presented by J. R. Townsend, chair- Spec. for ASTM Thermometers (E 1 - 55). 


man, and the following action taken: 


Symposium on Tension Testing of Non-Metallic Materials® 


Introduction, by A. C. Webber, Symposium 
Chairman. 

Present Practices in Tensile-Strength Testing of 
Paper in Industry—John Fachet and F. T. P. 
Plimpton, Jr., presented by Mr. Fachet. 

Tension Testing of Adhesives—A. G. H. Dietz, 
presented by the author. 

Tensile Load-Deformation Testing of Textile 
Structures—Stanley Backer, presented by the 
author (not published). 


Tension Testing of Rubber—H. Tongue, 
presented by the author. 

Tension Testing of Plastics—Frank W. Rein- 
hart, presented by the author. 

Tension Test Methods for Wood, Wood-Base 
Materials and Sandwich Constructions—L. J. 
Markwardt and W. G. Youngquist, presented 
by Mr. Youngquist. 

Summary, by A. C. Webber, Symposium Chair- 
man. 


_ NINETEENTH SESSION—COMMITTEE REPORT SESSION 
WEDNESDAY, JUNE 20, 4:00 P.M. 


SESSION CHAIRMAN: VICE-PRESIDENT R. T. Kropr 


_ Committee A-7 on Malleable-Iron Castings: 


Report presented by W. A. Kennedy, chair- 
man, and accepted as a report of progress. 


_ Committee A-9 on Ferro-Alloys: 


Report presented by W. C. Bowden, chair- 

man, and accepted as a report of progress. 

The committee withdrew from the report as 
preprinted the recommendation for the adoption 
as standard of Tentative Specification for Ferro- 
manganese (A 99 — 53 T). 


* Issued as separate publication ASTM STP 
No. 194. 


Committee B-2 on Non-Ferrous Metals and 
Alloys: 


Report presented by B. W. Gonser, chairman, 
and accepted as a report of progress. 
Committee B-6 on Die-Cast Metals and 

Alloys: 

Report presented by W. Babington, chairman, 
and the following action taken: 

Accepted as Tentative, Revisions in: 


Spec. for Aluminum-Base Alloy Die Castings 
(B 85 - 54 T) 
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The committee withdrew from the report as 
preprinted the revisions of the Tentative Speci- 
fication for Zinc-Base Alloy Die Castings (B 86 - 
53 T). 


Committee D-1 on Paint, Varnish, Lacquer 
and Related Products: 


Report presented by W. T. Pearce, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Safflower Oil (D 1392-56T) | 

Test for Flash Point of Drying Oils (D 1393 1393 - 
56 T) 

Methods for Chemical Analysis of White Ti- 
tanium Dioxide Pigments (D 1394 - 56 T) 

Test for Abrasion Resistance of Clear Floor 
Coatings (D 1395 — 56 T) 

Methods for Analysis of Polyvinyl Butryal 
(D 1396 - 56 T) 

Test for Unsaponifiable Matter in Alkyd Resins 
and Resin Solutions (D 1397 - 56 T) 

Test for Fatty Acid Content of Alkyd Resins 
and Resin Solutions (D 1398 — 56 T) 

Methods for Measurement of Dry Film Thick- 
ness of Nonmetallic Coatings of Paint, Var- 
nish, Lacquer, and Related Products Applied 
on a Nonmagnetic Metal Base (D 1400 — 56 T) 

Test for Unsaponifiable Content of Tricresyl 
Phosphate (D 1399 - 56 T) 


Accepted as Tentative, Revisions in: 


Methods of Chemical Analysis of White Pig- 
ments (D 34 —- 51 T) 

Test for Distillation Range of Lacquer Solvents 
and Diluents (D 1078 - 49 T) 

Test for Nonvolatile Content of Resin Solutions 
(D 1259 - 53 T) 

Test for Flash Point of Volatile Flammable Ma- 
terials by Tag Open-Cup Apparatus (D 1310 - 
55 T) 

Def. of Terms Relating to Paint, Varnish, Lac- 
quer, and Related Products (D 16 - 52) 

Methods of Testing Varnishes (D 154 - 53), with 
the heading preceding Section 30 changed from 
“Acid Number” to read “Acid Value,” 
also the word “approximate” added before 
0.1 N Potassium Hydroxide. 

Methods of Testing Drying Oils (D 555 - 54) 

Spec. for Raw Soybean Oil (D 124 - 48) 


Adopted as Standard: 


Test for No-Dirt-Retention Time of Traffic 
Paint (D 1297 - 53 T) 

Test for Phthalic Anhydride Content of Alkyd 
Resins and Esters Containing Other Dibasic 
Acids (D 1306 - 54 T) 

Test for Phthalic Anhydride Content of Alkyd 
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Resins and Esters Containing Other Dibasic 
Acids (Spectrophotometric) (D 1307 - 54 T) 
Test for Settling Properties of Traffic Paints 

During Storage (D 1309 - 54 T) 

Test for Apparent Free Phenols in Synthetic 
Phenolic Resins or Solutions Used for Coating 
Purposes (D 1312 - 54 T) 

Test for Nonvolatile Matter in Lacquer Solvents 
and Diluents (D 1353 - 54 T) 

Methods of Testing Varnishes (D 154 - 53 T), to 
be added to present Standard D 154 - 53 

Method for Evaluating Degree of Blistering of 
Paints (D 714 - 54 T) 

Rec. Practice for Conducting Exterior Exposure 
Tests of Paints on Wood (D 1006 - 51 T) 

Spec. for Asphalt-Base Emulsions for Use as 
Protective Coatings for Metal (D 1187 -51 T) 


Adopted as Standard, Revisions in: 


Test for Flash Point by Tag Closed Tester 
(D 56 - 52), jointly with Committee D-2. 

Spec. for Ethylene Glycol Monobutyl Ether 
(D 330 - 35) 

Spec. for Ethylene Glycol Monoethyl Ether 
(D 331 - 35) 

Spec. for Acetate Ester of Ethylene Glycol 
Monoethy] Ether (95 to 96 per cent Grade) 
(D 343 - 35) 

Spec. for Tricresy] Phosphate (D 363 - 49) 

Spec. for Methyl Ethyl Ketone (D 740 - 46) 


Accepted for Publication as Information Only: 


Methods for Preparation of Aluminum and 

Aluminum Alloy Surfaces for Painting 
Methods for Preparation of Magnesium Alloy 

Surfaces for Painting 

The committee withdrew from the report as 
preprinted the recommendation for the revision 
and reversion to tentative of the Standard 
Specifications for Copper Phthalocyanine Blue 
(D 963 - 49). 


Committee D-4 on Road and Paving 
Materials: 
Report presented in the absence of the chair- 


man by A. B. Cornthwaite, and the following 
actions taken: 


Accepted as Tentative: 


Test for Water- Soluble Chlorides ey as 
Admixes in Graded Aggregate Road Mixes 
(D 1411-56 T) (jointly with Committee D-18) 


Accepted as Tentative, Revisions in: 


Spec. for Preformed Expansion Joint Fillers for 
Concrete (Nonextruding and Resilient Types) 
(D 544 - 52 T) 
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Spec. for Preformed Expansion Joint Fillers for 
Concrete, (Nonextruding and Resilient Types) 
(D 544 - 49) 

Spec. for Emulsified Asphalt (D 977 — 53) 

‘Spec. for Bituminous Mixing Plant Require- 
ments (D 995 — 55) 

Methods of Testing Preformed Expansion Joint 
Fillers for Concrete, (Nonextruding and 


Resilient Types) (D 545 - 49) 


Adopted as Standard, Revisions in: 


5 for Specific Gravity of Compressed Bi- 
tuminous Mixtures (D 1188 - 53) 

=< for Distillation of Tars and Tar Products 
(D 20 - 55) 


_ Committee D-13 on Textile Materials: 
Report presented by W. D. Appel, chairman, 


and the following actions taken (subject to 
confirming letter ballot of Committee D-13): 


Accepted as Tentative: 


eres for Twist in Single Spun Yarns (Untwist- 
Twist Method) (D 1422 - 56 T) 

Test for Twist in Single Spun Yarns (Direct- 
Counting Method) (D 1423 - 56 T) 

Test for Tear Resistance of Woven Fabrics by 
Falling-Pendulum Method (D 1424 - 56 T) 
Test for Unevenness of Textile Strands (D 1425 - 

56 T) 
Test for Non-Lint Content of Cotton (Shirley 
Analyser Method) (D 1451 - 56 T) 


Accepted as Tentative, Revisions in: 


Methods of Quantitative Analysis of Textiles 
(D 629 - 55 T) 

Test for Tensile Strength of Wool Fiber Bundles 
(D 1294 - 53 T) 

Methods of Testing and Tolerances for Rayon 
Tire Cord (D 885 - 54 T) 

Methods of Testing and Tolerances for Yarns 
Containing Wool (D1285-53T), with a 
change in Note 2 under Section 10(d) to read 
as follows: 

Note 2.—The tolerances here set forth are 
recommended for use in the arbitration of 
disputes. These tolerances apply to material 
in the form of spun yarn only. They are not 
applicable to yarn in fabric or in garments or 
in any state in which its form has been changed 
from the spun yarn. 

Methods of Testing Spun End Filament Yarns 
Made Wholly or in Part of Man-Made Organic 
Base Fibers (D 1380 - 55 T) 

Def. of Terms Relating to Textile Materials 
(D 123 - 55) 

[The fiber Guetication chert, which had bee been 
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recommended for addition to part B of the 
Standard Definitions D 123 - 55 has_ been 
withdrawn. 
Methods of Identification of Fibers in Textiles 
(D 276 - 49) 
-§* 


Adopted as Standard: 


Test for Maturity of Cotton Fibers (Random 
Sample-Sodium Hydroxide Swelling Method) 
(D 1443 - 53 T) 

Test for Cross-Sectional Characteristics of 
Cotton Fibers (D 1444 - 53 T) 

Test for Micronaire Fineness of Cotton Fibers 
(D 1448 - 54 T) 

Spec. and Methods of Test for Fineness of Wool 
Tops (D 472 - 55 T) 

Methods of Core Sampling of Raw Wool in 
Packages for Determination of Percentage of 
Clean Wool Fiber Present (D 1060 - 55 T) 


Adopted as Standard, Revisions in: 


Methods of Testing and Tolerances for Cotton 
Sewing Threads (D 204 - 42) 

Test for Yarn Number of Yarn from Fabrics 
(D 1059 - 52) 


Accepted for Publication as Information Only: 


Test for Strength of Cotton Fibers Using a 
Finite Gage Length (Flat Bundle Method) 
{The report had listed in error for adoption as 
standard the Tentative Method of Test for 
Wool Content of Raw Wool (D 1334-54 T). 
This method of test is being continued as tenta- 
tive as stated elsewhere in the report.] 


Committee D-16 on Industrial Aromatic 
Hydrocarbons and Related Materials: 


Report presented by D. F. Gould, chairman, 
and the following action taken: ; 


Adopted as Standard, Revisions in: 


Test for Distillation of Industrial Aromatic 


Hydrocarbons (D 850 - 55) 


Committee E-3 on Chemical Analysis of 
Metals: 


Report presented in the absence of the chair- 
man by H. A. Bright, Honorary Chairman, and 
the following actions taken (subject to confirm- 
ing letter ballot of Committee E-3): 


Accepted as Tentative: 


Methods for Chemical Analysis of Titanium and 
Titanium-Base Alloys (E 120 - 56 T) 
Methods for Chemical Analysis of Nickel- 
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Chromium and Nickel-Chromium-fron Alloys 
(E 38 - 56 T) 

Methods for Chemical Analysis of Copper- 
Tellurium Alloys (E 121 - 56 T) 

Methods for Chemical Analysis of Chromium- 
Copper Alloys (E 118 —- 56 T) 

Methods for Chemical Analysis of Slab Zinc 
(Spelter) (E 40 —- 56 T) 

Photometric Method for Determination of 
Phosphorus in High-Phosphorus Brazing 
Alloys (E 56-56 T) 


Accepted as Tentative, Revisions in: 


Photometric Methods for Determination of 
Manganese in Steel (E 30 - 54 T) 

Photometric Methods for Chemical Analysis of 
Aluminum and Aluminum-Base Alloys (E 34 - 
54 T) 

Photometric Methods for Chemical Analysis of 
Lead, Tin, Antimony, and Their Alloys 
(E 87 - 50 T) 

Photometric Methods for Chemical Analysis of 
Electronic Nickel (E 107 - 54 T) 

Methods for Chemical Analysis of W hite Metal 
Bearing Alloys (E 57 - 50 T) 

Methods for Chemical Analysis of Zinc-Base 
Die-Casting Alloys (E 47 - 45) 


Adopted as Standard: 


Photometric Methods for Chemical Analysis of 
Aluminum and Aluminum-Base Alloys (E 34 - 
54T) (Sections 6 to 56 only) 

Photometric Methods for Chemical Analysis of 
Magnesium and Magnesium-Base Alloys 
(E 35 - 50 T) 

Photometric Method for Determination of Co- 
balt in Nickel (E 39 - 49 T) 

Photometric Methods for Chemical Analysis of 


FIFTY-NINTH ANNUAL MEETING 19 


Methods for Chemical Analysis of Pig Lead 


Copper and Copper-Base Alloys (E 62 - 50 T) 


(E 37 - 50 T) ' 
Methods for Chemical Analysis of Lead- and 
Tin-Base Solder Metal (E 46 - 50 T) 
Methods for Chemical Analysis of Copper-Nickel 
and Copper-Nickel-Zinc Alloys (E 75 - 50 T) 
Methods for Chemical Analysis of Nickel-Copper 
Alloys (E 76 - 50 T) 
Method for Polarographic Determination of 
Lead and Cadmium in Zinc (E 68 - 46 T) 


Adopted as Standard, Revisions in: 


Methods for Chemical Analysis of Steel, ,Cast 
Iron, Open-Hearth Iron, and Wrought‘ Iron 
(E 30 - 52) 

Methods for Chemical Analysis of Nickel- 
Chromium and Nickel-Chromium-Iron Alloys 
(E 38 — 48) 


Tentative Withdrawn: 
Photometric Method for Determination of Iron 

in Slab Zinc (Spelter) (E 64 - 50 T) 
Reapproval of Standard: 


Methods for Chemical Analysis of Slab Zinc ; 
(Spelter) (E 40 - 45) 


Committee E-4 on Metallography: 
Report presented by L. L. Wyman, chairman, 
and accepted as a report of progress. 


Committee E-12 on Appearance: 


Report presented in the absence of the chair- 
man by P. J. Smith, and accepted as a report 
of progress. 


SESSION CHAIRMAN: 


Edgar Marburg Lecture: 


President Fellows opened the session 
by giving a brief statement of the pur- 
pose of the lecture. Charles E. Reed, 
General Manager, Silicone Products 
Dept., General Electric Co., Waterford, 
N. Y., was then introduced by the Ex- 
ecutive Secretary R. J. Painter as the 


TWENTIETH SESSION—MARBURG LECTURE™ 
WEDNESDAY, JUNE 20, 4:30 P.M. 


PRESIDENT C. H. FELLOWS 


thirtieth Edgar Marburg Lecturer. P 
Speaking on the subject, “The Industrial © 
Chemistry, Properties, and Applications 
of Silicones,” Mr. Reed discussed the 

basic chemical structure of silicones — q 
with particular reference to their similari- 
ties and differences compared with other 7 


industrially important polymeric sub- 
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stances, and the physical and chemical 
properties of silicones leading to their 
industrially important applications. He 
then took up processes of manufacture, 
the important types of silicones and their 
applications, ending with a look into the 
future of silicones in selected industries 


SUMMARY OF PROCEEDINGS 


such as electrical, aircraft, protective 
coating, and textile. 

President Fellows expressed appreci- 
ation to Mr. Reed for his excellent lec- 
ture and presented to him on behalf of " 
the Society the Edgar Marburg Lecture 


Certificate. 


TWENTY-FIRST SESSION—FATIGUE 

THURSDAY, JUNE 21, 9:30 a.m. ’ 

SESSION CHAIRMAN: R. E. PETERSON 


Report of Committee E-9 on Fatigue: 


Report presented by R. E. Peterson, chair- 
man, and accepted as a report of progress. 


Fatigue Properties of Comparable Cast and 
4 Wrought Steel—C. W. Briggs, L. J. Ebert, 


and E. B. Evans, presented by Mr. Ebert. 
Effect of Changing Cyclic Modulus on the Bend- 
ing Fatigue Strength—A. A. Blatherwick and 


(Continued in the Twenty-Third Session) 


B. J. Lazan, presented by Mr. Blatherwick. 
Fatigue Crack Propagation in Aluminum Alloys 
—M. S. Hunter and W. G. Fricke, Jr., pre- 
sented by Mr. Fricke. 
The Notched Fatigue Properties of Some Ti- 
tanium Alloys—M. J. Sinnott, L. Thomassen, 
and A. W. Demmler, presented by Mr. 
Demmler. 


TWENTY-SECOND SESSION—COMMITTEE REPORT SESSION 
TuHuRSDAY, JuNE 21, 11:30 a.m. 


SESSION CHAIRMAN: L. J. JACOBI 


Committee C-12 on Mortars for Unit 
Masonry: 


Report presented by R. E. Copeland, chair- 


man, and accepted as a report of progress. = 


Committee D-7 on Wood: ee 


Report presented in the absence of the chair- 
man by W. G. Youngquist, and the following 


4 


Accepted as Tentative: 


Method of Testing Wood Preservatives by Lab- 


oratory Soil-Block Cultures (D 1413 - 56 T) 
Accepted as Tentative, Revisions in: 


Test for Evaluating the Properties of Building 
Fiberboards (D 1037 - 52 T) 


Adopted as Standard: 


Spec. for Copperized Chromated Zinc Chloride 
(D 1271 - 53 T) 


Spec. for Pentachlorophenol (D1272-53T) 
Spec. for Ammoniacal Copper Arsenite (D 1325 - 
54 T) 
Method for Chemical Analysis of Copperized 
Chromated Zinc Chloride (D 1273 — 53 T) 
Method for Chemical Analysis of Pentachloro- 
phenol (D 1274 - 53 T) 

Method for Chemical Analysis of Ammoniacal 
Copper Arsenite (D 1326 - 54 T) 

Test for Ash in Wood (D 1102 - 50 T) 

Test for Holocellulose in Wood (D 1104 - 50 T) 

Test for Lignin in Wood (D 1106 — 50 T) 

Test for Alcohol-Benzene Solubility of Wood 
(D 1107 - 50 T) 

Test for Ether Solubility of Wood (D 1108 - 
50 T) 

Test for One Per Cent Caustic Soda Solubility 
of Wood (D 1109 - 50 T) 

Test for Water Solubility of Wood (D 1110- 
50 T) 

Method for Preparation of Extractive-free 

Wood (D 1105 - 50 T) 
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Committee D-12 on Soaps and Other 
Detergents: 


Report presented in the absence of the chair- 
man by M. D. Huber, and the following actions 


taken: 
Accepted as Tentative, Revisions in: 


Methods for Sampling and Analysis of Sodium 
Triphosphate (D 501-55 T) | 


Adopted as Standard: 


Test for pH of Aqueous Solutions of Soaps and 
Detergents (D 1172 - 54 T) 

Test for Surface and Interfacial Tension of 
Solutions of Surface-Active Agents (D 1331 - 
54 T) 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Soaps and Other 
Detergents (D 459 -— 55) 


Committee D-14 on Adhesives: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following action 
taken: 


Accepted as Tentative, Revisions in: 


Method for Determining the Effect of Moisture 
and Temperature on Adhesive Bonds 
(D 1151 - 51 T) 


Adopted as Standard: 


Test for Storage Life of Adhesives by Consist- 
ency and Bond Strength (D 1337 - 54 T) 

Test for Working Life of Liquid or Paste Ad- 
hesives by Consistency and Bond Strength 
(D 1338 - 54 T) 


Committee D-21 on Wax Polishes and 
Related Materials: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 
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Accepted as Tentative 


Test for Flash Point of Solvent-Type Liquid 
Waxes (D 1437 - 56 T) 
Methods for Application of Emulsion Floor 


_ Polishes to Substrates for Testing Purposes 


1436 - 56 T) 


Accepted as Tentative, Revisions in: 


Test for Paraffin-Type Hydrocarbons in Car- 
nauba Wax (D 1342 - 54 T) 


Committee D-22 on Atmospheric Sampling 
and Analysis: 


Report presented in the absence of the chair- 
man by F. Y. Speight, and accepted as a 
report of progress. 


Committee D-23 on Cellulose and Cellulose 
Derivatives: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and the following actions 
taken: 


Accepted as Tentative: 


Test for Pentosans in Cellulose (Aniline Acetate 
Colorimetric Method) (D 1438 -56 T) 

Methods of Testing Sodium Carboxymethyl- 
cellulose (D 1439 - 56 T) 


Adopted as Standard: a ‘ 


Spec. and Methods of Test for Soluble Cellulose 
Nitrate (D 301 - 54 T) 

Test for Viscosity of Cellulose Derivatives by 
Ball-Drop Method (D 1343 - 54 T) 

Method of Testing Cellulose Acetate (D 871 - 
54 T) 

Method of Testing Methylcellulose (D 1347 - 
54 T) 

Test for Moisture in Cellulose (D 1348 - 54 T) 


Committee E-10 on Radioactive Isotopes: 


Report presented in the absence of the chair- 
man by L. C. Gilbert, and accepted as a report 
of progress. 
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- Strengths and Failure Characteristics of AMA 
5534A (S-816) Alloy in Direct Tensile Fatigue 

at Elevated Temperatures—Charles A. Hoff- 

man, presented by the author. 

a Statistical Analysis of Fatigue Data—R. Roeloffs 
and F. Garofalo, presented by Mr. Richard 

W. Whitmore. 


SUMMARY OF PROCEEDINGS 


TWENTY-THIRD SESSION—FATIGUE 


(Continued from Twenty-First Session) =< 
TuurspDAY, JUNE 21, 2:00 P.M. wis 
SEssION CHAIRMAN: F. M. HOWELL 
An Evaluation of Statistical Treatments of 
Fatigue Data—M. N. Torrey and G. R. 
Gohn, presented by Miss Torrey. r 
A Wire-Fatigue Machine for Investigation of a 


the Influence of Complex Stress Histories— 
H. T. Corten and G. M. Sinclair, presented 
by Mr. Corten. 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel, and Related Alloys: 


Report presented by Jerome Strauss, chair- 
< man, and the following actions taken: 


Spec. for Seamless and Welded Austenitic 

Stainless Steel Pipe (A 312 - 55 T) 

[The revision of Specifications A 312 -55 T 
requires joint action of Committees A-1 and 
A-10. Since Committee A-1 has withdrawn its 
recommendation that grades TP304L and 
TP316L be added to the specifications, these 
_ grades will not be added at this time.] 


. 4 Adopted as Standard, Revisions in: 


r Accepted as Tentative, Revisions in: 


Spec. for Seamless and Welded Austenitic Stain- 
less Steel Tubing for General Service (A 269 - 

55) 

Spee. for Seamless Austenitic Chromium-Nickel 

Steel Still Tubes for Refinery Service (A 271 - 

55) 


- Advisory Committee on Corrosion: 
Report presented by Jerome Strauss, chairman, 
and accepted as a report of progress. 


7 Published in the ASTM Bu.etin, No. 220, 
February 1957, p. 47 (TP 35). 


-TWENTY-FOURTH SESSION—HEAT-RESISTANT 
AND CORROSION-RESISTANT ALLOYS 


THURSDAY, JUNE 21, 2:00 p.m. * 


SESSION CHAIRMAN: PaAst-PRESIDENT H. L. MAXWELL 


Joint Committee on Effect of Temperature 
on the Properties of Metals: 


Report presented by F. B. Foley, chairman, 
and accepted asa report of progress. 


The Corrosion Properties of Chromium-Nickel- 
Manganese Austenitic Stainless Steels—W. 
G. Renshaw and R. A. Lula, presented by 
Mr. Renshaw. 

Fretting Wear of Zircaloy-2 Pellets in High- 
Temperature Water—L. A. Waldman and P. 
Cohen, presented by Mr. Waldman. 

Intergranular Corrosion Resistance of Low- 
Carbon Austenitic Chromium-Manganese- 
Nickel Steels—W. O. Binder, J. T. Thompson, 
and C. R. Bishop, presented by Mr. Binder. 

The Mechanical Properties of Type 201 Chro- 
mium-Nickel Manganese Stainless Steel 
Sheet—R. A. Walsh, R. L. Cook, and R. A. 
Lula, presented by Mr. Walsh. 

The new AISI Types 201 (17-4-6) and 202 
(18-5-8) Production and Fabrication—G. W. 
Hinkle, presented by the author.’ 

Influence of Hot-Working Conditions on the 
High-Temperature Strength Properties of a 
Heat-Resistant Alloy—J. F. Ewing and J. W. 
Freeman, presented by Mr. Ewing 


Papers: 
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Committee B-1 on Wires for Electrical 
Conductors: 


Report presented in the absence of the chair- 
man by A. A. Jones, secretary, and the following 
actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Tinned Soft or Annealed Copper Wire 
for Electrical Purposes (B 33 - 53 T) 

Spec. for Lead-Coated and Lead-Alloy-Coated 
Soft Copper Wire for Electrical Purposes 
(B 189 - 53 T) 

Spec. for Concentric-Lay-Stranded Aluminum 
Conductors, Steel-Reinforced (B 232 - 55 T) 
Spec. for Tinned Hard-Drawn and Medium- 
Bard-Drawn Copper Wire for Electrical Pur- 

poses (B 246 - 51 T) 

Method for Determination of -Cross-Sectional 
Area of Stranded Conductors (B 263 — 53 T) 
Spec. for Silver-Coated Soft or Annealed Copper 

Wire (B 298 - 55 T) 


Adopted as Standard: 


Spec. for Hard-Drawn Copper Wire (B 1 - 53 T) 
Spec. for Soft or Annealed Copper Wire (B 3 - 
54 T) 


Adopted as Standard, Revisions in: 


Spec. for Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or Soft 
(B 8 - 53) 

Spec. for Cored, Annular, Concentric-Lay- 
Stranded Copper Conductors (B 226 - 52) 
Spec. for Concentric-Lay-Stranded Copper 

Covered Stee] Conductors (B 228 - 52) 

Spec. for Concentric-Lay-Stranded Copper and 
Copper Covered Steel Composite Conductors 
(B 229 - 52) 

Spec. for Concentric-Lay-Stranded Aluminum 
Conductors, Hard-Drawn and Three-Quarter 
Hard-Drawn (B 231 — 55) 

Spec. for Three-Quarter Hard Aluminum Wire 
for Electrical Purposes (B 262 — 55) 


Committee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys: 


Report presented in the absence of the chair- 
man by A. W. Tracy, secretary, and accepted as 
a report of progress. 
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TWENTY-FIFTH SESSION—COMMITTEE REPORT SESSION 


SEssION CHAIRMAN: E. J. ALBERT 


*. 


Committee B-4 on Metallic Materials for 
Electrical Heating, Electrical Resistance 
and Electrical Contacts: 


Report presented in the absence of the chair- 
man by R. E. Hess, and the following actions 
taken: 


Adopted as Standard: 


Test for Maximum Loading Stress at Tempera- 
ture of Thermostat Metals (Cantilever Beam 
Method) (B 305 — 56) 

Test for Flexivity of Thermostat Metals (B 106 - 
51 T) 

Test for Modulus of Elasticity of Thermostat 
Metals (Cantilever Beam Method) (B 223 - 
51 T) 


Adopted as Standard, Revisions in: 


Test for Change of Resistance with Temperature 
of Metallic Materials for Electrical Heating 
(B 70 - 39) 


Standard Withdrawn: 


Test for Equivalent Yield Stress of Thermostat 
Metals (B 191 — 50) 


Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought: 


Report presented by G. H. Harnden, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Spec. for Copper Drainage Tube (DWV) 
(B 306 - 56 T), changing in Section 11 (e) the 
word “nominal” to read “standard.” 


Accepted as Tentative, Revisions in: -. 


Spec. for General Requirements for Wrought 
Seamless Copper and Copper-Alloy Pipe and 
Tube (B 251 - 55 T) 

Spec. for Threadless Copper Pipe (B 302 — 55 T) 


Adopted as Standard: 


Spec. for Copper and Copper-Alloy Die Forgings 
(Hot Pressed) (B 283 - 53 T) 
Spec. for Nickel-Tin Bronze Castings (B 292 - 
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Adopted as Standard, Revisions in: 


Spec. for Brass Plate, Sheet, Strip, and Rolled 

(B 36 - 55) 

Spec. for Copper and Copper-Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 - 
54) 

Spec. for Seamless Copper Bus Pipe and Tube 
(B 188 - 55) 

Spec. for Copper-Nickel-Zinc Alloy (Nickel 
Silver) Wire (B 206 — 54), in Table I with the 
chemical requirements for copper for alloy E 
expressed as 63.5 to 66.5, and the chemical 
requirements for nickel for alloy E expressed 
as 9.0 to 11.0. 

After presenting the report, the chairman 
indicated some objection had been raised to the 
second sentence under the activities of Sub- 
committee G-1 and he presented the following 
substitute wording: The subcommittee calls 
attention to the fact that it has not yet had an 
opportunity to determine whether the revised 
unified Tentative Methods for Determining the 
Average Grain Size of Metals (E 112) meets the 
needs of the copper and brass industry and has 
asked Committee B-5 to discuss this matter 
officially with Committee E-4. 

On motion, duly seconded, this substitute 
wording was approved by the Society. 

Committee B-8 on Electrodeposited Metal- 

lic Coatings: 

Report presented in the absence of the chair- 


man by R. E. Hess, and accepted as a report of 
progress. 


Committee B-9 on Metal Powders and 
Metal Powder Products: 


Report presented by J. L. Bonanno, chairman, 
_and the following actions taken: 


Accepted as Tentative: 


Spec. for High-Density Iron, Sintered Metal 
Powder Structural Parts (B 309 — 56 T) 

Spec. for Low- and Medium-Density Iron, Sin- 
tered Metal Powder Structural Parts (B 310 - 
56 T) 

_ Test for Green Strength of Compacted Metal 
Powder Specimens (B 312 — 56 T) 

Test for Density of Cemented Carbides (B 311 - 
56 T) 


_ Adopted as Standard, Revisions in: 


% Test for Sieve Analysis of Granular Metal Pow- 
ders (B 214 - 48) 


Committee C-1 on Cement: 


Report presented by R. R. Litehiser, chair- 
man, and the following actions taken: 


SUMMARY OF PROCEEDINGS 


Accepted as Tentative, Revisions in: 


Spec. for Portland Blast-Furnace Slag Cement 
(C 205 — 53 T) 

Test for Calcium Sulfate in Hydrated Portland 
Cement Mortar (C 265 - 55 T) 

Test for False Set of Portland Cement (C 359 - 
55 T) 

Methods of Chemical Analysis of Portland Ce- 
ment (C 114-51 T) 


Adopted as Standard: 


Test for Compressive Strength of Hydraulic 
Cement Mortars (Using 2-in. Cube Specimens) 
(C 109 - 54 T) 


Adopted as Standard, Revisions in: - a 
Spec. for Portland Cement (C 150 - ~~ 
Spec. for Air-Entraining Portland Cement 
(C 175 - 55) 
Test for Autoclave Expansion of Portland Ce- 
ment (C 151 - 54) 


Standard Withdrawn: 


Test for Soundness of Hydraulic Cement Over 
Boiling Water (Pat Test) (C 189 - 49) 


Committee C-2 on Magnesium Oxychloride 
and Magnesium Oxysulfate Cements: 


Report presented in the absence of the chair- 
man by R. E. Hess, and accepted as a report of 
progress. 


Committee D-5 on Coal and Coke: — j 


Report presented by W. W. Anderson, chair- 
man, and the following actions taken: 


Accepted as Tentative: 


Test for Equilibrium Moisture of Coal at 96 to 
97 Per Cent Relative Humidity and 30C 
(D 1412 - 56 T) 


Accepted as Tentative, Revisions in: 


Def. of Terms Relating to Coal and Coke 
(D 121 - 30) 


Committee D-17 on Naval Stores: 
Report presented by V. E. Grotlisch, chair- 
man, and the following action taken: a 


Adopted as Standard: 


Test for Unsaponifiable Matter 
(D 1065 - 54 T) 


in Rosin 
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Committee D-19 on Industrial Water: 


and the following actions taken: 


Test for Ammonia in Industrial Water and 


Test for Sodium and Potassium Ions in Industrial 


Test for Residual Chlorine in Industrial \ W Vaste 


FIFTY-NINTH ANNUAL MEETING 


TWENTY-SIXTH SESSION—SYMPOSIUM ON STEAM QUALITY | 


THURSDAY, JUNE 21, 8:00 P.M. 


Adopted as Standard, Revisions in: 


Def. of Terms Relating to Industrial Water and 
Industrial Waste Water (D 1129 - 55) 


A. 


: SESSION CHAIRMAN: M. D. BAKER 


Report presented by Max Hecht, chairman, 


Accepted for Publication as Information Only: 


Tests for Appearance Properties of Industrial 
Water and Industrial Waste Water 


Accepted as Tentative: 


Max Hecht Award: 


The third Max Hecht Award was pre- 
sented to A. A. Berk, U. S. Bureau of _ 
Mines, Industrial Water Branch, Col- 
lege Park, Md. 

This award is presented in recognition 
of outstanding service to Committee 
D-19 on Industrial Water in the advance- 
ment of its objective—the study of water 
as an engineering material. The award 
was established by the committee in 1954 
‘in honor of its first chairman, Max Hecht. 


(Sponsored by Joint Research Committee on Boiler Feedwater Studies) 


Industrial Waste Water (D 1426 - 56 T) 


Water and Water-formed Deposits by Flame 
Photometry (D 1428 -— 56 T) 

Test for Specific Gravity of Industrial Water and 
Industrial Waste Water (D 1429 - 56 T) 


Water (D 1427 - 56 T) 


Adopted as Standard: 


Spec. for Reagent Water (D 1193 - 55 T) 

Test for Oily Matter in Industrial Waste Water 
(D 1340 - 54 T) 


Symposium on Steam Quality* 


tivity Measurements—R. O. Parker and R. J. 
Ziobro, presented by Mr. Parker. 
Construction and Operation of Larson-Lane 
Steam Purity and Condensate Analyzers— 
A. B. Sisson, F. G. Straub, and R. W. Lane, 
presented by Mr. Lane. —— 


Measurement and Purification of Steam to 0.01 
ppm Total Dissolved Solids—W. B. Gurney, 
presented by the author. 

Steam Purity Determination by Tracer Tech- 
niques—E. E. Coulter and T. M. Campbell, 
Jr., presented by Mr. Campbell. 

Comments on Corrections to Steam Conduc- 


TWENTY-SEVENTH SESSION—GENERAL TESTING 
THURSDAY, JUNE 21, 8:00 P.M. 


SESSION CHAIRMAN: PAsT-PRESIDENT J. R. TOWNSEND 


An Ultrasonic Scanning and Recording System— _ 
W. J. MacGonnagle and W. N. Beck, pre-— 
sented by Mr. MacGonnagle. . 
Evaluation of Test Variables in the Determina-— 
tion of Shear Strength—R. W. Fenn, Jr. and 
R. B. Clapper, presented by Mr. Fenn. 
Crack Initiation and Propagation in the V- Notch 
Charpy Impact Specimen—Carl E. Hart-— 
bower, presented by the author. 


Effect of on the Properties of C4A-T6 
and S970A-T6 Aluminum Alloy Castings— 
W. H. Johnson and H. F. Bishop, presented 
by Mr. Johnson. 

The Effect of Static Mean Stress on the Damp- 
ing Properties of Materials—Neal L. Person 
and Benjamin J. Lazan, presented by Mr. A. 
A. Blatherwick. 


8 Issued as separate publication ASTM STP 
No. 192. 92. 
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mission Through Soils—R. K. Bernhard, M. 
Chasek, and P. 
Bernhard. 
Evaluation of Lime for Stabilization of Loess— 
‘J. G. Laguros, D. T. Davidson, R. L. Handy, 
‘ and T. Y. Chu, presented by Mr. Laguros. 


Griggs, 


= Experiments with Gamma Ray Trans- 
presented by Mr. 


Field and Laboratory Determinations of the 
Bearing Capacity of Hard Pon for Design of 


SUMMARY OF PROCEEDINGS 


TWENTY-EIGHT SESSION—SOIL 
TuHurRspDAY, JUNE 21, 8:00 P.M. 
SESSION CHAIRMAN: MILEs N. 


CLAIR 


Deep Foundations—W. S. Housel, presented 
by the author. 


Applications of Environmental Testing of Soils— 


Donald M. Burmister, presented by the au- 
thor. 

Simple Charts Illustrating Relationships Be- 
tween Moisture Content, Density, and Voids 
Properties of Soils—N. W. McLeod, presented 
by the author. 


as 


The following series of presentations presents 
recent steps taken toward the solution of differ- 
ent kinds of complex rheological problems. They 
cover broad and diverse topics involving the 
_kinds of developmental approaches in research 
techniques, interpretive as well as experimental, 
_ required toward the successful solution of prob- 
lems of stress, strain and flow in solids and semi- 
solids. 

The purpose of the symposium was to develop 
an increased awareness that rheology plays an 
important research role in many fields beyond a 
study of methods for the measurement of the 
viscosity of fluids. 

Dynamic Viscosity and Shear Modulus of Molten 
Polystyrene as a Function of Molecular 
Weight—W. P. Cox, L. E. Nielsen, and R. 
Keeney, presented by Mr. Cox. 

Stress-Strain Relations in Plastic and Frictional 
Soils—D. C. Drucker, presented by the au- 

thor. 

Rheology of Asphalts—W. Philippoff, presented 
by the author.® 


® To be released for publication in a technical 


Frmay, JuNE 22, 9:30 a.m. 
SEssION CHAIRMAN: W. H. Marxwoop, Jr. 


‘ TWENTY-NINTH SESSION—INFORMAL PRESENTATION OF VARIOUS 
COMPLEX RHEOLOGICAL PROBLEMS 


(Sponsored jointly by Society of Rheology and ASTM Committee E-1 ‘ 


The Impact-Absorbing Capacity of Textile 
Yarns—J. C. Smith, F. L. McCrackin, and 
H. F. Schiefer, presented by Mr. McCrackin."” 

The Characterization of Pressure-Sensitive 
Adhesives—F. H. Wetzel, presented by the 
author.!! 

A New Coal Plastometer—D. 
sented by the author.” 

Photographic Method for Sharpening Isochro- 
matic Photoelastic Patterns—presented by 
R. R. Myers. 

Stresses and Strains in The Shaping of Metal 
Tubes—E. T. Onat and W. Prager, presented 
by Mr. Prager. 


C. Hills, pre- 


1” Published in the ASTM BuLLeTIN No. 220, 
February 1957, p. 52 (TP 49). 

1 Published in the ASTM Bu.ietin No. 221, 
April 1957, p. 64 (TP 72). 

12 Published in the ASTM BuLietin No. 218, 


Introduction—Vane Testing for Shear Proper- 
ties of Soil—The Present Status of Vane Test- 
ingby J. O. Osterberg, Symposium Chair- 
man. 


8 Tssued as separate publication ASTM STP 
No. 198. 


SEssION CHAIRMAN: J. O. OSTERBERG : 


journal. December 1956, p. 34 (TP 212). 
THIRTIETH SESSION—SYMPOSIUM ON IN-PLACE SHEAR TESTING P 
OF FOUNDATION SOIL BY THE VANE METHOD" 7 


An Apparatus and Method of Vane Shear Test- 
ing of Soils—Harold J. Gibbs, presented by 
the author. 

Deep Vane Tests in Gulf of Mexico—Carl W. 
Fenske, presented by the author. 

Vane In-Place Soil Shear Measuring Device— 

W. A. Hill, presented by Mr. George F. 

Sowers. 
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THIRTY-FIRST SESSION—COMMITTEE REPORT SESSION 


Committee A-3 on Cast — 


Report presented by H. W. Stuart, chairman, 
and the following actions taken: 


Accepted as Tentative, Revisions in: : 


Spec. for Cast Nodular Iron for Pressure-Con- 
taining Parts for Use at Elevated Tempera- 
tures (A 395 — 55 T) 


Adopted as Standard, Revisions in: 


Spec. for Gray Iron Castings (A 48 — 48) 

Spec. for Gray Iron Castings for Pressure-Con- 
taining Parts for Temperatures Up to 650 F 
(A 278 - 53), changing in Section 4(b) the 
words “greater than 2 in. in thickness” to 
read “2 in. or more in thickness.” 


Committee D-6 on Paper and Paper 


Products: 


Report presented by W. R. Willets, chairman, 
and the following actions taken: 


Adopted as Standard: 


Methods of Testing Analytical Filter Papers 
(D 981 - 51 T) 


Committee D-9 on Electrical Insulating 
Materials: 


Report presented in the absence of the chair- 
man by H. K. Graves, vice-chairman, and the 
following actions taken: 


Accepted as Tentative, Revisions in: 


Methods of Conditioning Plastics and Elec- 
trica] Insulating Materials (D 618 — 54) 

Methods of, Testing Solid Filling and Treating 
Compounds Used for Electrical Insulation 


(D 176-44) 
Adopted as Standard: 
Methods of Testing Askarels (D901 -55T) 


Spec. for Enclosures and Servicing Units for 
q Tests Above and Below Room Temperature 
ud 


(D 1197 - 54 T) 

idopted as Standard, Revisions in: 

Method of Testing Laminated Tubes Used for 
Electrical Insulation (D 348 — 52) 

Method of Testing Laminated Round Rods Used 
for (D 349 - 52) 


FriAyY, JUNE 22, 12:00 Noon 


SESSION CHAIRMAN: L. S. REID_ 


Method of Sampling Electrical Insulating Oils 
(D 923 — 49) 

Methods of Testing Varnished Glass Fabrics and 
Varnished Glass Fabric Tapes Used for Elec- 
trical Insulation (D 902 — 53) 


Accepied for Publication as Information Only: 


Spec. for Electrical Insulating Paper Sulfate 

(Kraft) Tissue for Capacitor Dielectric 

The committee withdrew from the report as 
preprinted the recommendations for the adop- 
tion as standard of Tentative Method of Testing 
Vulcanized Fibre Used for Electrical Insulation 
(D 619 -54 T), and Rec. Practice for Purchase 
of Uninhibited Mineral Oil for Use in Trans- 
formers and in Circuit Breakers (D 1040 — 54 T). 


Committee D-10 on Shipping Containers: 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following action 


taken: 


Def. of Terms Relating to Shipping Containers 
(D 996 — 50) 


Accepted as Tentative, Revisions in: 


Committee E-2 on Emission Spectroscopy: 


Report presented in the absence of the chair- 
man by S. F. Etris, and the following actions 
taken: 


Accepted as Tentative: 


Method for Spectrochemical Analysis of Pig 
Lead by the Point-to-Plane Spark Technique 
(E 117 - 56 T) 

Rec. Practice for Photographic Processing in 
Spectrochemical Analysis (E 115 - 56 T) 

Rec. Practice for Photographic Photometry in 
Spectrochemical Analysis (E 116 - 56 T) 


Accepted for Publication as Information Only: 


Suggested Method for Spectrochemical Analysis 
of Aluminum and Its Alloys by the Pin-to-Pin 
Spark Technique 

Suggested Method for Spectrochemical Analysis 
of Glass for Alkali Elements by Flame Pho- 
tometry 


Committee E-7 on Nondestructive Testing: 


Report presented by J. H. Bly, chairman, 
and accepted as a report of progress. 
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Committee E-14 on Mass Spectrometry: 


a report of progress. 


Tubes and Semiconductor Devices: 


taken: 
Accepted as Tentative, Revisions in: 


Radio-Tube Cathodes (F 128 - 55 T) 


Report presented in the absence of the chair- 
man by A. B. Kent, secretary, and accepted as 


Committee F-1 on Materials for Electron 


Report presented in the absence of the chair- 
man by F. Y. Speight, and the following actions 


Methods of Testing Sleeves and Tubing for 


SUMMARY OF PROCEEDINGS 


Spec. for Molybdenum Wire Un 
Diameter (F 289 - 54 T) 

Test for Diameter by Weighing of Fine Wire 

Used in Electronic Devices and Lamps 


(F 205 - 55 T) 


Spec. for Round Chromium-Copper Wire for 
Electronic Devices (F 268 - 53 T) 
Test for Sag of Tungsten Wire (F 269 — 52 T) 
Test for Relative Thermionic Emissive Proper- 
ties of Materials Used in Electron Tubes 
(F 270 - §2 T) 


der 20 Mils in 


Adopted as Standard: 


Committee C-7 on Lime: 


Report presented in the absence of the chair- 
man by R. S. Boynton, secretary, and the follow- 
ing action taken: 


Accepted as Tentative: 


Spec. for Fly Ash for Use as a Pozzolanic Mate- 
rial With Lime (C 379 — 56 T) 


The report also included a recommendation 

for the immediate revision of Standard Methods 
of Sampling, Inspection, Packing, and Marking 
of Quicklime and Lime Products (C 50-27). 
Since this proposed revision had not been pub- 
lished previously as tentative, it required a nine- 
tenths vote for approval. The recommendation 
failed to receive the necessary nine-tenths vote. 


Committee C-11 on Gypsum: 


Report presented in the absence of the chair- 
man by O. H. Storey, Jr., secretary, and the 
following actions taken: 


Accepted as Tentative: 


Spec. for Annular Ringed Nails for Gypsum 
Wallboard (C 380 - 56 T) 


Adopted as Standard, Revisions in: 


Methods of Testing Gypsum and Gypsum Prod- 
ucts (C 26 - 54) 


THIRTY-SECOND SESSION—COMMITTEE REPORT SESSION 
Frway, June 22, 12:00 Noon 

RIDAY, JUNE 


SESSION CHAIRMAN: VICE-PRESIDENT R. A. SCHATZEL 


Committee D-2 on Petroleum Products and 
Lubricants: 


Report presented by H. M. Smith, acting 
chairman, and the following actions taken: 


Accepted as Tentative: 

Test for Emulsion Characteristics of Steam- 
Turbine Oils (D 1401 - 56 T) 

Test for Estimation of Heat of Combustion of 
Liquid Petroleum Products (D 1405 - 56 T) 

Test for Effect of Copper on Oxidation Rate of 
Grease (D 1402 - 56 T) 

Test for Cone Penetration of Lubricating Grease 
Using One-Quarter Scale Cone Equipment 
(D 1403 - 56 T) 

Test for Estimation of Deleterious Particles in 
Lubricating Grease (D 1404 — 56 T) 

Methods for Liquid Calibration of Tanks 
(D 1406 - 56 T) 

Methods for Calibrating Barge Tanks (D 1407 - 
56 T) 

Methods for Calibrating Stationary Horizontal 
Tanks (D 1410-56 T) 

Methods for Calibrating Spherical and Spheroi- 
dal Tanks (D 1408 - 56 T) 

Methods for Calibrating Tank Car Tanks 
(D 1409 - 56 T) 


Accepted as Tentative, Revisions in: 

Test for Saponification Number of Petroleum 
Products by Color-Indicator Titration (D 94 - 
55 T) 

Test for Existent Gum in Fuels by Jet Evapora- 
tion (D 381 - 54 T) 
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Spec. for Gasoline (D439-55T), with the 
withdrawal of the revision of Section 3; also 
in the Appendix, Distillation, first paragraph, 
change the last sentence to read: “These 
distillation and vapor pressure characteristics 
define and control: starting, warm-up, car- 
buretor icing, acceleration, vapor lock, crank- 
case dilution, and in part fuel economy.” 

Test for Ignition Quality of Diesel Fuels by the 
Cetane Method (D 613 - 48 T), with the fol- 
lowing additional changes: 

Footnote 2.—Add the following sentence to 
footnote 2: “To permit users of the ASTM-CFR 
Cetane Unit time to acquire this new equipment, 
these revisions will become officially effective on 
June 1, 1957.” 

Section 9 (a).—Add the following at the end 
of this section: 

Now check meter for zero by rotating selector 
switch to INJECTION ADVANCE position 
while by-passing fuel to injector. If meter does 
not read zero, replace tube 6AC7 in the meter. 
Again rotate selector switch to CALIBRATE 
and recheck the 25-deg reading. 

Supplement III on Operation.—The revision 
should indicate that Fig. 47 should be deleted 
(p. 93). 

Index.—Add the following to the items listed 
in the report to be deleted: “Fuel Gap Setting, 
Cetane, 69.” 

Supplement VII on Instrumentation.—In 
Section 703 (c), fifth sentence, change “one half 
turn” to read “between the limits of one-half to 
one and one-half turns.” 

In Section 704, following the fourth sentence, 
add the same material as recommended above 
for Section 9 (a). 

In Section 709 (a), the second paragraph, be- 
ginning with the words “If it is suspected that 
any one of the pickups is defective...” delete 
the remaining material of this section and re- 
place with the following: “If a pickup is sus- 
pected of being faulty, it should be removed from 
the engine and checked for continuity. If the 
pickup is either open, short circuited or other- 
wise defective, it should be repaired or replaced.” 

In Section 709 (6), change the phrase in the 
note from “50 cycles per minute” to read “50 
cycles per second.” 

Test for Knock Characteristics of Aviation Fuels 
by the Aviation Method (D 614 - 49 T), with 
the withdrawal of the proposed revisions of 
Sections 8(a), 8(6), and Fig. 6; the deletion of 
the next to last sentence of the material to be 
added to Sections 317 and 323 in Supplement 
III; and the withdrawal of the revisions of 
Sections 324 (a) and 324 (d). 

Test for Oil Content of Petroleum 
(D 721-55 T) 


Waxes 
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Spec. for Aviation Gasolines (D 910 - 53 T) 

Test for Olefinic Plus Aromatic Hydrocarbons 
in Petroleum Distillates (D 1019 - 55 T) 

Method of Gaging Petroleum and Petroleum 
Products (D 1085 - 52 T). Two appendices to 
these methods were submitted for publication 
as information. 

Method of Measuring the Temperature of Pe- 
troleum and Petroleum Products (D 1086 - 
54 T) 

Test for Reduced Pressure Distillation of Pe- 
troleum Products (D 1160 - 52 T) 
Methods for Calibrating Upright 

(D 1220-55 T) 

Method for Polarographic Determination of 
Tetraethyllead in Gasoline (D 1269-53 T) 

Test for Hydrocarbon Types in Liquid Petro- 
leum Products (Fluorescent Indicator Ad- 
sorption (FIA) Method) (D 1319 - 55 T) 

Test for Water in Petroleum Products and Other 
Bituminous Materials (D 95-46), subject 
to concurrence of Committee D-4 on Road and 
Paving Materials 


Adopted as Standard: 


Test for Tetraethyllead in Gasoline (D 526- 
53 T) 

Test for Evaporation Loss of Lubricating 
Greases and Oils (D 972 — 51 T) 

Test for Mercaptan Sulfur in Jet Fuels (Color- 
Indicator Method) (D 1219 ~ 52 T) 

Test for Mercaptan Sulfur in Jet Fuels (Amper- 
ometric Method) (D 1323 - 54 T) 

Test for Copper Corrosion by Petroleum Pro- 
ducts (D 130-55 T) 

Method of Analysis of Oil-Soluble Sodium Pe- 
troleum Sulfonates (D 855-52 T) 

Method of Analysis of Calcium and Barium 
Petroleum Sulfonates (D 1216 — 52 T) 


Tanks 


Adopted as Standard, Revisions in: 


Test for Flash Point by Tag Closed Tester 
(D 56 - 52), jointly with Committee D-1 

Test for Distillation of Gasoline, Naphtha, Kero- 
sine, and Similar Petroleum Products 
(D 86 - 54) 

Test for Viscosity by Means of the Saybolt Vis- 
cometer (D 88 — 53) 

Test for Flash and Fire Points by Means of 
Cleveland Open Cup (D 92 - 52) 

Test for Vapor Pressure of Petroleum Products 
(Reid Method) (D 323 - 55) 

Test for Knock Characteristics of Motor Fuels 
by the Motor Method (D 357 - 53) 

Test for Knock Characteristics of Motor Fuels 
by the Research Method (D 908 - 55) 

ASTM-IP Petroleum Measurement Tables — 
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Tentative Withdrawn: 


Test for Steam Emulsion of Lubricating Oils 
_(D 157 - 51 T) 


Accepted for Publication as Information Only: 


Method of Oxidation Test for Turbine Oils 
(Short-Term Method) 

Test for Sulfur in Petroleum Products by the 
Rapid, High-Temperature Combustion 
Method 

Test for Active Sulfur in Cutting Fluids 

; Test for Hydrocarbon Types in Gasoline by 

Mass Spectrometry 
Reduction of Observed API Gravity to API 
Gravity at 60 F—High-Temperature Range 
Reduction of Volume to 60 F Against API 
Gravity at 60 F—High-Temperature Range 
Test for Density and Specific Gravity of Viscous 
Materials and Melted Solids by Bingham 
Pycnometer Method 
Test for Density and Specific Gravity of Hydro- 
carbon Liquids by Lipkin Bicapillary Viscous 
Oil Pycnometer 
Test for Low-Temperature-Torque of Ball- 
Bearing Greases 
Test for High-Temperature Anti-Friction-Bear- 
ing Grease Tester 
Reduction of Volume to 60 F Against API Grav- 
ity at 60 F—Low-Temperature Range 
_ Reduction of Volume to 60 F Against API Grav- 
ity at 60 KF—Low-Temperature Range 
(Abridged Table) 
Test for Measuring the Color of Petroleum Pro- 
ducts (ASTM Coior Scale) 
Test for Filterability of Jet Fuels 
The committee asked for permission to in- 
_ clude four additional proposals as follows: 
_ Proposed Method of Test for Thermal Stability 
of Fuel Oils 
Proposed Extension of Octane Number Scale 
Proposed Design and Operation of Automatic 
Gaging Devices 
- Proposed Measurement of Tanks Containing 
Plastic Foam Blankets 
The committee withdrew from the report as 
preprinted the recommendation for the adop- 

' tion as standard of the Tentative Method of 
_ Test for Penetration of Petrolatum (D 937 - 

49T). 


j Committee D-3 on Gaseous Fuels: 


.? Report presented in the absence of the chair- 
man by P. J. Smith, and the following action 
taken: 
Adopted as Standard: 
Test for Sulfur in Fuel Gases (D 1072 - 4 T) 
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Committee D-8 on Bituminous Water proof- 
ing and Roofing Materials: 


Report presented by H. R. Snoke, chair- 
man, and the following actions taken: 


Accepted as Tentative, Revisions in: 


Spec. for Woven Burlap Fabrics Saturated with 
Bituminous Substances for Use in Water- 
proofing (D 1327 - 54T) 


Adopted as Standard: 


Spec. for Asphalt Roll Roofing Surfaced with 
Mineral Granules (D 249 - 54 T) 


Adopted as Standard, Revisions in: ate 


Spec. for Asphalt-Saturated Felt for Use in 
Waterproofing and in Constructing Built-Up 
Roofs (D 226 - 47) 

Spec. for Coal-Tar Saturated Roofing Felt for 
Use in Waterproofing and in Constructing 
Built-Up Roofs (D 227 - 47) 

Spec. for Asphalt-Saturated Asbestos Felts for 
Use in Waterproofing and in Constructing 
Built-Up Roofs (D 250 — 47) 


Committee D-11 on Rubber and Rubber- 
like Materials: 


Report presented by Simon Collier, chairman, 
and the following actions taken: 


Accepted as Tentative: 


Method for Tension Testing of Rubber O- -Rings 
(D 1414 - 56 T)™ 

Test for International Standard Hardness of 
Vulcanized Natural and Synthetic Rubbers 
(D 1415 —- 56 T) 

Methods for Chemical Analyses of Synthetic 
Elastomers (Solid Butadiene-Styrene Copoly- 
mers) (D 1416 - 56 T) 

Methods for Testing Synthetic Rubber Latices 
(Butadiene-Styrene Copolymers) (D 1417 - 
56 T) 

Rec. Practice for Nomenclature for Synthetic 
Elastomers and Latices (D 1418 - 56 T) with 
further changes subject to confirming letter 
ballot of Committee D-11. 

Rec. Practice for Description of Types of Styrene 
Rubbers (SR) (D 1419-56T) with further 
changes subject to confirming letter ballot of 
Committee D-11. 

Rec. Practice for Description of Types of Styrene 
Rubber (SR) and Butadiene Rubber (BR) 
Latices (D 1420 - 56 T) 


4 In view of negative votes cast in Committee 
D-11 on the acceptance of this method it was 
withheld om publication. 
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Rec. Practice for Interlaboratory Testing of 
Rubber and Rubber-like Materials (D 1421 - 


Test for Adhesion of Vulcanized Rubber to 
Metal (D 429 - 55 T) 

Methods of Testing Rubber and Thermoplastic 
Insulated Wire and Cable (D 470 - 54 T) 

Spec. and Methods of Test for Latex Foam Rub- 
bers (D 1055 - 54 T) 

Spec. and Methods of Test for Sponge and Ex- 
panded Cellular Rubber Products (D 1056 - 
54 T) 

Test for Compressibility and Recovery of Gasket 
Materials (D 1147 - 53 T) 


Accepted as Tentative, Revisions in: 


Adopied as Standard: 
Test for Plasticity and Recovery of Rubber and 
Rubber-like Materials by the Parallel Plate 


Plastometer (D 926 47 T) 

Adopted as Standard, Revisions in: 

Test for Identation of Rubber by Means of the 
Pusey and Jones Plastometer (D 531 - 49) 

Spec. for Cotton Rubber-Lined Fire Hose for 
Public and Private Fire Department Use 
(D 296 - 49), with the deletion of Note 2, and 
a change in the last sentence of Section 2 (a) 
as follows subject to confirming letter ballot 
of Committee D-11: 


“Tf agreed between manufacturer and pur- 
chaser at the time of the order, the jackets may 


Epitors’ Note.—The recommendations affecting standards referred to letter ballot were ap- 


FIFTY-NINTH ANNUAL MEETING 


be made in whole or in part of fibers other than 
cotton suitable for assuring satisfactory life.’’ 


Committee D-15 on Engine Antifreezes: 


Report presented in the absence of the,chair- 
man by P. J. Smith, and accepted as a report of 
progress. 


Committee D-18 on Soils for Engineering 
Purposes: 


Report presented by E. J. Kilcawley, chair- 
man, and the following actions taken: 


Accepied as Tentative: 


Test for Water-Soluble Chlorides Present as 
Admixes in Graded Aggregate Road Mixes 
(D 1411 - 56 T) (Jointly with Committee D-4) 


Accepted as Tentative, Revisions in: 


‘test for Moisture-Density Relations of Soils 

(D 698 42 T)*® 

The committee withdrew from the report as 
preprinted the recommendatiuns for publication 
as tentative of the Method for Soil Investigation 
and Sampling by Auger Boring, the Method of 
Thin Walled Tube Sampling of Soils, and the 
Method for Penetration Testing and Split 
Spoon Sampling of Soils. 


15 The revision of Tentative Method D 698 — 
42 T was not concurred in by Committee D-4 
on Road and Paving Materials, which committee 
also has jurisdiction over the method, and the 
method is now being given further consideration 
in both committees. 


proved when the ballot was canvassed on September 12. : 


31 
i} 
4 
= 
a 
‘ 
. 
ad 


SUMMARY OF PROC EEDINGS OF THE SECOND 
| PACIFIC AREA NATIONAL MEETING 7 


Los ANGELES, CaLiF., SEPT. 16-21, 


The Second Pacific Area National Meeting of the Society was held at the 
, Statler Hotel in Los Angeles on September 16-21, 1956, with the Northern 
and Southern California ASTM District Councils cooperating in making — 
arrangements for the meeting. The General Committee on Arrangements 
; was under the Chairmanship of C. M. Wakeman, of the Los Angeles Harbor 
> Department, with: 
y Vice Chairman, E. O. Bergman, C. F. Braun & Co. 
; Vice Chairman, T. Parker Dresser, Jr., Abbot A. Hanks, Inc. 


Secretary, M. N. Niesley, California Testing Laboratories, Inc. 
Z Treasurer, B. P. Weintz, Consolidated Rock Products Co. 
The registered attendance of the meeting was as follows: 1537 members, 
_ committee members, and visitors, plus 146 ladies, or a grand total of 1683. 
| There were 43 technical sessions with 203 papers scheduled for presenta- 
tion. 
Mr. P. James Rich was Chairman of the Technical Program Committee, — 
: with many of the sessions sponsored by technical committees of the Society. — 
_ In addition, there were 7 industrial lucheons held throughout the week with » 
€ a “President’s Luncheon” on Tuesday, September 18. The technical ses- } 
| sions are set forth below with the luncheons being listed separately. 


INDUSTRY LUNCHEONS 


A number of special luncheons were arranged termed “Industry Lunch- 
- eons”’ since they were intended to provide an opportunity for gatherings of 
- those interested in special fields. These together with the listing of the 
- toastmaster and guest speakers are given below. 


Petroleum Luncheon MonpAy, SEPTEMBER 17, 12:15 P.M. 


Toastmaster: W. T. GuNN, Director, Division of Refining, American Petroleum 
Institute, New York 
Guest Speaker: Howarp G. Vesper, Vice President, Standard Oil Co. of California, 
San Francisco 
Subject: “From Pico No. 4 to Petro Chemicals” (The California Oil Story). 


Soils Luncheon TuEsDAY, SEPTEMBER 18, 12:15 P.M. 


Toastmaster: PauL BAUMANN, Assistant Chief Engineer, Los Angeles County 
Flood Control District, Pasadena, Calif. 
_ Guest Speaker: K. B. Woops, Head of School of Civil Engineering, Purdue Uni-— 
versity, Lafayette, Ind. 
Subject: “Soil Explorations for Site Selection and Engineering Design.” 


' Published in the ASTM Butietin, No. 220, February, 1957, p. 21. 


2 Included in separate publication ASTM STP No. 206. 7 7 | 
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SECOND PaciFic AREA MEETING 


Wood Luncheon TvuEspAy, SEPTEMBER 18, 12:15 P.M. 


Toastmaster: Past-President L. J. MARKwarontT, Assistant Director, U. S. Forest 
Products Laboratory, Madison, Wis. 
Guest Speaker: O. HARRY: SCHRADER, JR., General Manager, U. S. Plywood Corp., 
Seattle, Wash. 
Subject: “Increasing Integration in the Manufacture of Forest Products.’ 


Railroad Luncheon TUESDAY, SEPTEMBER 18, 12:15 P.M. 
Toastmaster: Senior Vice President R. T. Kropr, Vice President and Director of 
Research, Belding Heminway Co., Inc., New York 
Guest Speaker: J. W. Corsett, Vice President (Systems Operations), Southern 
Pacific Co., San Francisco 
Subject: “Research and Standardization i in the Railroad Industry.’ 


_ Industrial Water Luncheon THURSDAY, SEPTEMBER 20, 12:15 P.M. 


Toastmaster: Past President C. H. FELLows,. Director, Engineering Laboratory 
and Research Department, The Detroit Edison Co., Detroit, Mich. 
Guest Speaker: CLAUDE K. Rice, Coordinator, Gulf Oil Corp., Philadelphia, Pa. 
Subject: ‘“Three Is A Vital Number.” (The relations of the Public, Government 
and Industry in the measurement and abatement of stream pollution.)® 


Cement and Concrete Luncheon THURSDAY, SEPTEMBER 20, 12:15 P.M. 


Toastmaster: ROBERT MITCHELL, President, Consolidated Rock Products Co., Los 
Angeles, Calif. 
Guest Speaker: A. ALLAN Bates, Vice President of Research and Development, 
Portland Cement Association, Chicago, IIl. 
Suapect: “Research—and Some of Its Relationships to ASTM.” 
Paint Saneatinnle: THURSDAY, SEPTEMBER 20, 12:15 P.M. 


Toastmaster: C. F. Pickett, U. S. Department of the Army, Aberdeen Proving © 
Ground, Aberdeen, Md. 
Guest Speaker: Ciypre L. Smrru, President, Federation of Paint and Varnish Pro-— 
duction Clubs, and President, Vi-Cly Industries, Inc., Compton, Calif. 
Subject: “The Federation:and Its Relation to the Paint Industry.” 


3 Published in the ASTM Butuetin, No. 219, January, 1957, p. 25. 

‘To be published in the ASTM Bu.tietin, No. 222, May, 1957. 

5 Included in separate publication ASTM STP No. 207. "5, 
1.2 
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§ SUMMARY OF PROCEEDINGS 


PRESIDENT’S NATIONAL LUNCHEON 


- WEDNESDAY, SEPTEMBER 19, 12:15 P.M. 


In honor of President R. A. ScHATZEL, Vice President, and Director of Engineering, 
Rome Cable Corp., Rome, N. Y. 
As a special guest of honor, Lt. Gen. CLARENCE S. IRVINE, Deputy Chief of Staff 
(Materiel), United States Air Force, will deliver the principal address. 
- Toastmaster: Past President N. L. Mocuet, Metallurgical Manager and Consult- 
ant, Westinghouse Electric Corp., Philadelphia, Pa. 
Introduction of President Schatzel: Senior Vice President R. T. Kropr, Vice Presi- 
dent and Director of Research, Belding Heminway Co., Inc., New York 
Short Address by President Schatzel: 
; Subject: ‘Where Do We Go From Here?” This address is published in the Octo- 
ber 1956 issue of the ASTM BvuLietin 
_ Main Address by General Irvine: 
Subject: “Super Materials for Super Performance.”’ This address is published in 
the December 1956 issue of the ASTM BULLETIN 


TECHNICAL SESSIONS 
SYMPOSIUM ON STEAM TURBINE OILS® 


Monpay, SEPTEMBER 17, 9:00 A.M. 
Sponsored by Technical Committee C on Turbine Oils of Committee D-2 on Petroleum | 
4 


Products and Lubricants) 


? Presiding: N. L. Mochel (Past President, ASTM), Manager, Metallurgical Engineering, 
and Consultant, Westinghouse Electric Corp., Philadelphia, Pa. 
, G. V. Browning (Chairman, Technical Committee C on Turbine Oils), Large Steam 
Turbine-Generator Dept., General Electric Co., Schenectady, N.Y. 


) - Organizational and Functional Aspects of Technical Committee C—Section I 
C.F. Kottcamp, Gulf Oil Co. 
Fire Resistant Turbine Fluids—L. W. Manley, G. H. S. Snyder and N. V. Mes- ; 


sina, Socony Mobil Oil Co. 
_Antiwear Requirements for Navy Turbine Oils—H. F. King, Bureau of Ships, and 
J. R. Belt, USN Engineering Experiment Station. 
Evaluation and Performance of Turbine Oils—G. H. von Fuchs, Consultant, f 
Doble Engineering Co. 


PLASTICS 
Monpay, SEPTEMBER 17, 9:00 A.M. 


Presiding: C. R. Stock (National Director, ASTM), In Charge, Physical Testing Lab., 
American Cyanamid Co., Stamford, Conn. 
F. W. Reinhart (Chairman Committee D-20 on Plastics), Past President, Soc. of 
Plastics Engrs., and Chief, Organic Plastics Section, National Bureau of Standards, 
Wash., D. C. 


Correlations Between Electrical Measurements and Mechanical Measurements on 
Epoxy Plastics Materials—John Delmonte, Furane Plastics, Inc.’ 


Presiding Officers Interlude—‘Standards for Plastics—Their Impact on 
Industry,” by Messrs. Stock and Reinhart. 


- Nondestructive Testing of Bonded Metal Sandwich Materials—Richard Anderson, : 
North American Aviation, Inc.* 


® Issued as separate publication ASTM STP No. 211. 
7 To be published in ASTM Bu ttetin. 
Included in separate publication ASTM STP No. 201. 
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SECOND PactFIC AREA MEETING 


MISCELLANEOUS 


Monpay, SEPTEMBER 17, 9:00 A.M. 


Presiding: R. A. Schatzel (President, ASTM), Vice President and Director of Engineer- 
i . ing, Rome Cable Corp., Rome, N. Y. 


M. B. Niesley (Chairman, So. Calif. Dist., Secretary West Coast Committee), 
President, California Testing Labs., Inc., Los Angeles 
P. James Rich (Chairman, Technical Program Committee), Consultant 


Specifications Should Be Used in Buying Rubber Parts—Raymond B. Stringfield, 
Consulting Chemical Engineer.® 

Testing in the Guided Missile Industry—Rebecca H. Sparling, Convair Division, 
General Dynamic Corp." 

Solvent Degreasing —What Every User Should Know—C. E. Kircher, Detrex Corp." 


SYMPOSIUM ON TITANIUM” 


Three Sessions 
Monpay, SEPTEMBER 17, 9:00 A.M. 


(Sponsored by Committee B-2 on Non-Ferrous Metals and Alloys and Administrative 
Committee on Research) 
Presiding: T. W. Lippert (Chairman, Subcommittee on Titanium), General Manager, 
Titanium Metals Corp. of America, New York 
J. R. Long (Symposium Chairman), Metallurgist, Harvey Machine Co., Torrance, 
Calif. 


Variables Effecting the Thermal Stability of Three Titanium Alloys—F. R. 
Schwartzberg, N. D. Williams, and R. I. Jaffee, Battelle Memorial Institute. — 

The Effect of Temperature on the Uniform Elongation of Titanium Alloys—F. C. 

. Holden, H. R. Ogden and R. I. Jaffee, Battelle Memorial Institute. 

The Effect of Composition and Annealing Treatment on the Thermal Stability of — 
Ti-Cr-Mo-Alloys—H. R. Ogden, F. C. Holden and R. I. Jaffee, Battelle ; 
Memorial Institute. 

Elevated Temperature Properties of the Ti-6A-4V Alloy—R.G. Sherman, W. M. 
Parris and H. D. Kessler, Titanium Metals Co. of America. 

"Properties and Fabrication Characteristics of Wrought Titanium Products—Leston | 
B. Stark, North American Aviation, Inc. 


(Continued at 2:15 P.M. on Monday and 9 A.M. on Tuesday) 


9 Published in the ASTM Butuetin, No. 220, February, 1957, p. 39 (T P27). 
10 Published in the ASTM But.etin, No. 218, December, 1956, p. 52 (TP230). 
11 Published in the ASTM Buttetin, No. 219, January, 1957, p. 44 (TP16). 
12 Issued as separate publication ASTM STP No. 204. a oo 
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SYMPOSIUM ON WOOD FOR MARINE USE AND ITS 
PROTECTION FROM MARINE ORGANISMS® 
Monpay, SEPTEMBER 17, 9:00 A.M. 
+* (Sponsored by Committee D-7 on Wood) 


Presiding: T. P. Dresser, Jr. (Vice Chairman, General Committee on Arrangements), 
Chief Engineer, Abbot A. Hanks, Inc., San Francisco, Calif. 
C. M. Wakeman (Chairman, General Committee on Arrangements), Testing Engi- ; 
neer, City of Los Angeles Harbor Dept., Los Angeles, Calif. 


_ The Distribution and Importance of Marine Wood Borers in the United States— 
Robert Menzies, Lamont Geological Observatory, and Ruth Turner, Museum _ 


of Comparative Zoology, Harvard University. 

Marine Exposure Tests of Wood Treated with Various Preservatives—A.P. Rich- | 
ards, William F. Clapp Laboratories, Inc. 

_ Performance Tests of Heavy Metal Compounds as Marine Borer Inhibitors i. 
T. Roe, Jr., H. Hochman and E. R. Holden, U. S. Naval Civil Engineering — 
Research and Evaluation Laboratory. 

The Importance of the Local Borer Species in Specifying Agents for Protecting Wood 
from Marine Borers—Harold Vind, Jim Maraoka, Joan Casey and H. Hoch- > 
man, U. S. Naval Civil Engineering Research and Evaluation Laboratory. 

The Migration of Marine Borers—C. H. Edmondson, Bernice P. Bishop Museum. 


SYMPOSIUM ON STEAM TURBINE OILS (Continued)*® 


Monpbay, SEPTEMBER 17, 2:15 P.M. 
Presiding: E. W. Adams (Secretary, Technical Committee C on Turbine Oils), Asso-— 
ciate Director of Research, Standard Oil Co. of Indiana 


Practices for Determining the Expected Life of Used Turbine Oils—R. G. Mastin, 
Cities Service Oil Co. 


Rusting in Turbine Oil-Systems—N. W. Furby, F. J. Hanly, California Research | : 


Corp., and J. A. Vincent, Standard Oil Company of California. 
Monolayers of Anti-Rust Additives—H. E. Ries, H. D. Cook and C. M. Loane, 
Standard Oil Co. Ind. 
Water Leaching of Additjves—E. W. Brennan and R. G. Moyer, The Pure Oil Co. 
8 Issued as separate publication ASTM STP No. 200. 
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Sreconp PactFic AREA MEETING 


ROAD AND PAVING MATERIALS" 

ey 
7 Monpay, SEPTEMBER 17, 2:15 P.M. 
~q otegs ponsored by Committee D-4 on Road and Paving Materials) 


Presiding: B. A. Vallerga, Managing Engr., Pacific Coast Region, The Asphalt Institute, _ 
San Francisco, Calif. 
F. N. Hveem (Member, Program Committee), Materials and Research Engineer, 
Calif. Div. of Highways, Sacramento 


Effect of Shape, Size and Surface Roughness of Aggregate Particles on the Strength 
of Granular Materials—B. A. Vallerga, H. B. Seed, C. L. Monismith and R. S. 
Cooper, University of California. 

The Operation, Control and Application of the Infrared Weathering Machine— 
California Design—John B. Skog, California Division of Highways. 

Correlation Between Laboratories on Results of ASTM Tests for Asphalts—Ernest _ 
Zube and John B. Skog, California Division of Highways. 

Sliding Plate Microviscometer for Rapid Measurement of Asphalt Viscosity in ¥ 
Absolute Units—R. L. Griffin, T. K. Miles, C. J. Penther and W. C. Simpson, | 
Shell Development Co. 

Reproducibility in Oven Heat Tests for Paving Asphalts—R. S. Winniford, Cali- — - 


fornia Research Corp. 
Monpay, SEPTEMBER 17, 2:15 P.M. 


Presiding: C. R. Baker (Vice Chairman, Luncheons Committee), Progress Engineer, : 
Pacific Tube Co., Los Angeles, Calif. 
L. H. Winkler (Honorary Member), Metallurgical Engineer, Bethlehem Steel Co., 
Inc., Bethlehem, Pa. 
F. S. Jacobson (Member, Program Committee), Metallurgical Engineer, Research 
& Development, Kaiser Steel Corp., Fontana, Calif. s 


FERROUS METALS 


Shotpeening Effects and Specifications—Henry O. Fuchs, Metal Improvement Co. ‘ 

Special Techniques for Increasing Strength and Fatigue Life of Steel Stressed in _ 
Torsion—N. E. Hendrickson, Rheem Automotive Co.'® 

The Isothermal Evolution of Hydrogen from Arc Welds in Mild Steel—Alan E. 
Flanigan and Eun U. Lee, University of California. (Not published) 

Studies of Stainless Steel Columns Subject to Compression Loads—Julien Dubuc te 
and Georges Welter, Ecole Polytechnique, and V. N. Krivobok, The Inter- 
national Nickel Co., Inc. 


4 Issued as separate publication ASTM STP No. 212. 
15 Tssued as separate publication ASTM STP No. 196. 
'6 To be published in ASTM Buttetrn. 
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SUMMARY OF PROCEEDINGS 


NONDESTRUCTIVE TESTING” 
Report on Activities of Committee E-7 


Monpay, SepTeMBER 17, 2:15 P.M. 

: _ Presiding: J. H. Bly (Chairman, Committee E-7), Sales Div., High Voltage Engineering 
Corp., Cambridge, Mass. 

T. A. Triplett (Member Exec. Council E-7), President, Triplett & Barton, Inc., 

Burbank, Calif. 

G. H. Tenney, (Member, Committee E-7) Groupleader, Los Alamos Scientific Lab., 

: Los Alamos, N. Mex. 


-Introduction—Committee E-7 Operation—J. H. Bly, High Voltage Engineering 

Corp. 

- Recommended Practices for Radiographic Inspection—E. A. Burrill, High Voltage 
Engineering Corp. 

_ Magnetic Particle and Penetrant Testing Procedures—Hamilton Migel, Magna- 
flux Corp. 

Reference Radiographs for Inspection Purposes 
Shipyard. 

Radiographic Procedures—C. H. Hastings, Watertown Arsenal. 

Report on the Activities and Future Projects of the Ultrasonic Subcommittee VI 

of Committee E-7—John Smack, Curtiss-Wright Corp. - 


N. A. Kahn, New York Naval 


SYMPOSIUM ON TITANIUM” 


Monpbay, SEPTEMBER 17, 2:15 P.M. 
Presiding: R. E. Paine (Vice Chairman, So. Calif. Dist.), Chief Metallurgist, Aluminum 
Company of America, Los Angeles, Calif. 
B. W. Gonser (Chairman, Committee B-2 on Non-Ferrous Metals and Alloys), 
Assistant Director, Battelle Memorial Institute, Columbus, Ohio 


_A Micro Notched-Bar Impact Test for Titanium Alloys—F. C. Holden, H. R. Og- 
den and R. I. Jaffee, Battelle Memoria! Institute. 
The Measurement of Elastic Modulus of Titanium Alloys—W. H. Graft and W. 
Rostoker, Armour Research Foundation. 
_ Ignition and Stress Corrosion Cracking of Titanium in Fuming Nitric Acid- 
John B. Rittenhouse, Jet Propulsion Laboratory. 
_Unalloyed Titanium Sheet Is Improving—Leo Schapiro and H. A. Barry, Douglas 
7 Aircraft Co., Inc. 
How Statistical Techniques Helped Achieve Better Uniformity in Unalloyed Ti- 
tanium—Chester R. Smith, Mallory-Sharon Titanium Corp. > 


) 


'7 Issued as separate publication ASTM STP No. 213. 
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Tests, The Pennsylvania Railroad Co., Altoona, Pa. 


Seconp Pacteic AREA MEETING 
SYMP ISIUM ON RAILROAD MATERIALS" 
TUESDAY, SEPTEMBER 18, 9:00 A.M. 
> 
Part 1: Diesel Fuels and Lubricants 
= 
Presiding: P. V. Garin (National Director, ASTM, Symposium Chairman), Engineer of 
Research & Mechanical Standards, Southern Pacific Co., San Francisco, Calif. 
W. F. Collins (Chairman, Committee A-1 on Steel), Asst. Chief, Engineering Serv- 
ices, New York Central System, New York City 
M. A. Pinney (Member, Administrative Committee on Standards), Engineer of _ 


Operation of Railroad Diesel Locomotives with Dual Fuel Systems—P. V. Garin, 
Southern Pacific Co. 

Locomotive Lubricating Oil Requirements as Related to Fuels—J. L. Broughten 
and C. C. Moore, Union Oil Co. of California. 

Performance of Residual Fuels in High Speed Diesel Engines—D. R. Jones, K. L. 
Kipp and J. E. Goodrich, California Research Corp. 

Laboratory Research on Burning No. 6 Residual Fuel in an 8} x 10 Opposed Piston 
Diesel Engine—R. H. Beadle, Fairbanks, Morse & Co. 


a 


SOILS" 
4 Three Sessions 7 


TUESDAY, SEPTEMBER 18, 9:00 A.M. 


(Sponsored by Committee D-18 on Soils for Engineering Pur poses) 


Presiding: K. B. Woods, Jr. (Vice President, ASTM), Head, School of Civil Engineering, 
- Purdue Univ., Lafayette, Ind. 
9 F. J. Converse (Symposium Chairman and 2nd Vice Chairman Committee D-18), 7 
Professor of Soil Mechanics, Calif. Institute of Tech., Pasadena 
R. Horonjeff, Institute of Transportation & Traffic Engineering, University of Calif., 
Berkeley 


Soil Density and Soil Moisture Determination by Radiation Methods—R. K. 
Bernhard, Rutgers University. 

Field Tests on Laterally Loaded Instrumented Piles—‘‘Fixed Head” Loadings in 
Sand—‘Free Head” Loadings in Clay—Harold G. Mason, U. S. Naval Civil 
Engineering Research Laboratory. 

A Generalized Theory of Soil Resistance—W. S. Housel, University of Michigan. 

A Procedure for Separately Evaluating Friction and Cohesion by a Consolidated 
Direct Shear Test—L. A. Palmer, Philip B. Brown and C. M. Yeomans, U. S. 
Navy Bureau of Yards & Docks. 

8 Issued as separate publication ASTM STP No. 214. 


19 Issued as separate publication ASTM STP No. 206. 
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SUMMARY OF PROCEEDINGS 


SYMPOSIUM ON WOOD POLES 
TUESDAY, SEPTEMBER 18, 9:00 A.M. 


‘ (Sponsored by Committee D-7 on Wood) a 
Presiding: F. B. Doolittle (Chairman, Plant Visits Committee), Electrical Engineer, 
Southern Calif. Edison Co., Los Angeles 


L. J. Markwardt (Past President ASTM, Symposium Chairman), Asst. Dir., U. S. 
Forest Prods. Lab., Madison, Wis. 


Wood Poles for Communication Lines—G. Q. Lumsden, Bell Telephone Labora- 
tories, Inc.”° 
A Look Ahead at Wood Pole Production in Relation to the Forest Resource—E. E. 
; Matson, Forest Utilization Service. 
Need for Research on Wood Poles—L. J. Markwardt, U.S. Forest Products Labo- 
ratory. 
Testing Poles for the American Society for Testing Materials—L. W. Wood, U. S. 
Forest Products Laboratory. 
Engineering of Specifications for Wood Poles—L. G. Smith, Baltimore Gas & 
Electric Co.” 


SYMPOSIUM ON NONDESTRUCTIVE TESTING” 
Two Sessions 
TUESDAY, SEPTEMBER 18, 9:00 A.M. 


(Sponsored by Committee E-7 on Nondestructive Testing) 
- Presiding: L. P. Spalding (Past National Director, ASTM), Director, Laboratory, North 
American Aviation, Inc., Los Angeles, Calif. 


W. C. Hitt (Symposium Chairman), Asst. Chief, Quality Control, Douglas Aircraft 
Co., Inc., Santa Monica, Calif. 


Development of Technique for the Detection of Cracks in Small Cylindrical Speci- 
mens by Eddy Current and Reluctance Methods—Eugene Roffman, Frank- 
ford Arsenal. 

Electronic X-Ray Image Systems—Richard F. Holste, J. E. Jacobs, and A. Pace, 
General Electric Co. 

_Advanced Ultrasonic Testing in Europe and America—Donald Erdman, Electro 
Circuits, Inc. 

~ Recent Developments in the Use of Ultrasonic Attenuation and Velocity Measure- 

: ments in the Study of Properties of Materials—John Truell, Brown University. 


20 To be published in the ASTM Buttetin, No. 222, May, 1957. a : 
21 Published in Electric Light and Power. 


: 
_* 
f 
2 
| 
= 
¢ 
~ = 


SeEcoND PaciFic AREA MEETING 


SYMPOSIUM ON TITANIUM? 


TUESDAY, SEPTEMBER 18, 9:00 A.m. 


Presiding: F. L. LaQue (National Director, ASTM), Vice President & Manager, De- 
; _ velopment & Research Div., The International Nickel Co., Inc., New York 


F. T. Wood, Jr., Chief, Materials & Process Engineer, Douglas Aircraft Co., Santa 
Monica, Calif. 


Development of Standardized Sample, Preparation and Testing Techniques for 
Unalloyed Titanium Sheet—R. L. Folkman and M. Schussler, Electro Met- 
allurgical Co. 

Oxygen Analysis—R. M. Fowler, Electro Metallurgical Co. 

Titanium Sponge Quality Evaluation at Titanium Metals Corporation of Amer- 
ica—Carl Blake and Lawrence T. Eck, Titanium Metal Co. of America. (Not 
published) 

Observation on Brinell Hardness Testing of Titanium Sponge—Don Baker, Bureau 
of Mines. (Not published) 

Development of Titanium-Base Alloys for Elevated Temperature Application. 
Part 1: Binary Alloys; Part II: Ternary Alloys; Part III: Quaternary Alloys— 
F. A. Crossley, W. F. Carew, Armour Research Foundation, and H. D. Kessler, 
Titanium Metals Corp., (Formerly with Armour Research Foundation). 

Presented by title only. 


SOILS (Continued)” 


‘ TUESDAY, SEPTEMBER 18, 2:15 P.M. 


‘Presiding: J. B. Howe (Chairman, Publicity Committee), Associate and Field Engineer 
Maurseth & Howe, Los Angeles 

W. S. Housel, (First Vice Chairman, Committee D-18), Assoc. Prof. Civil Engineer- 
ing, Univ. of Michigan, Ann Arbor 


_ Experiences with Consolidation of Pipe Bedding by Vibration on the San Diego 

Aqueduct—-W. G. Holtz, U. S. Bureau of Reclamation. 

‘The Use of Vibratory Compactors on Granular Base Courses—C. R. White, U. S. 
Naval Civil Engineering Research Laboratory. 

Vibratory Compaction of Cohesive Soil by Low Frequency V ibration—F. J. Con- 
verse, California Institute of Technology. 

Microseismics—R. K. Bernhard, Rutgers University. 
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SUMMARY OF PROCEEDINGS 


SYMPOSIUM ON LUBRICATING OILS" 


TUESDAY, SEPTEMBER 18, 2:15 P.M. 


(Sponsored by Research Division III on Elemental Analysis and Technical Committee B on 
; Lubricating Oils of Committee D-2 on Petroleum Products and Lubricants) oe 


Part I: Spectrographic Analysis of Lubricating Oils 


Presiding: C. E. Emmons (West Coast Committee), Retired. Formerly Regional Man- | 
ager, Technical Service, The Texas Co., Los Angeles. C. M. Gambrill (Chairman, ; 
Research Division on Elemental Analysis), Mgr., Analytical Research & Service 
Labs., Ethyl Corp., Detroit, Mich. 

R. L. LeTourneau (Symposium Chairman), California Research Corp., San Fran- 
cisco, Calif. 


Introduction—C. M. Gambrill, Ethyl Corp. 

Direct-Reading Spectrographic Control of Lubricating Oil Additive Manufacture— 
R. E. Ramsay, California Research Corp., and W. A. Rappold, Oronite Chem- 
ical Co. 

The Application of X-Ray Spectrography to Refinery Control of Additive Metals — 

’ in Lubricating Oils—E. N. Davis, Sinclair Research Laboratories, Inc. 

Sampling of Lubricating Oil from Diesel Locomotives—W. K. Simpson, General 
Motors Corp., Electro-Motive Engineering Division. 

Section J Committee Report on Spectrographic Analysis of Lubricating Oils— 
Ford R. Bryan, Ford Motor Co. 

Direct Determination of Metals in Used Lubricating Oils by Emission Spectrog- 
raphy—W. D. Perkins, J. R. Miller, and J. H. Moser, Shell Oil Co. 

Direct Reading Spectrographic Evaluation of Used Railroad Oils—V. C. Barth, 


Chicago and Northwestern Railway System. 


Part II: General Papers 


Presiding: D. E. Bowers (Member, West Coast Committee), General Petroleum Corp., 
Los Angeles, Calif. 
W. S. James (Chairman, Technical Committee B on Lubricating Oils), William S. 
James & Associates, Birmingham, Mich. 
J. B. Gregory (Chairman, Subcommittee on Elements in Lubricants), Union Oil 
Co., Brea, Calif. 


Introduction—W. S. James, William S. James & Associates. 

Unsolved Problems in Analysis of Diesel Lubricating Oils—W. E. Lasky, Gulf 
Mobile and Ohio Railroad. 

Chromatography of Lubricating Oils for Diesel Locomotives—E. R. Thomas, 
Southern Pacific Railroad. . 

Filtering Diesel Engine Lubricating Oils—S. L. Earle, U. S. Naval Experiment 
Station. 
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SECOND PaciFic AREA MEETING 


SYMPOSIUM ON FULL-SCALE TESTS ON HOUSE STRUCTURES” 


: TUESDAY, SEPTEMBER 18, 2:15 P.M. 


(Sponsored by Committee E-6 on Methods of Testing Building Constructions and Committee 
D-7 on Wood) 


Presiding: T. K. May (Member, West Coast Committee), Director of Technical Service, 
West Coast Lumbermen’s Association, Portland, Oregon 
a L. J. Markwardt (Past President, ASTM) Asst. Director, U. S. Forest Products 
Laboratory, Madison, Wis. 
R. F. Leggett (Chairman, Committee E-6 Symposium Chairman), Director of 
Building Research, N.R.C. of Canada, Ottawa 


_ Rigidity and Strength of Houses Built of Plywood Stressed-Cover Panels—R. F. 
Luxford, and E. C. O. Erickson, U. S. Forest Products Laboratories. 
~ NAVCERELAB Facilities for Evaluating Prefabricated Buildings—J. E. Dykins, 
U. S. Naval Research Establishment. 
Full Scale Testing of Prefabricated Military Buildings—R. F. Bartelmes, U. S. 
Corps of Engineers, Research and Development Laboratories. 
Structural Test of a House under Simulated Wind and Snow Loads—D. B. Dorey 
and W. R. Schriever, National Research Council of Canada. 
Full-Scale Tests of Pre-Cast Multi-Story Flat Constructions—A. J. Francis, W. 
( P. Brown, and S. Aroni, University of Melbourne. 


SYMPOSIUM ON NONDESTRUCTIVE TESTING (Continued) 
4 TUESDAY, SEPTEMBER 18, 2:15 P.M. 


Presiding: J. C. Smack (Chairman, Subcommittee on Ultrasonic Testing E-7), Sales 
Staff Engineer, Curtiss-Wright Corp., Caldwell, N. J. 
Hamilton Migel (Chairman Subcommittee on Magnetic Particle & Penetrant Test- 
ing E-7), Vice President, Engineering, Magnaflux Corp., Chicago, Il. 


Nondestructive Testing on Southern Pacific Railroad—Arthur S. Pedrick, Southern | 
Pacific Co. 

Nondestructive Testing of Heavy Metals—Gerold H. Tenney, Los Alamos Scien- 
tific Laboratory. 

Ultrasonic Inspections of Aircraft Forgings—Alex Barath, Douglas Aircraft Co., 
Inc. 

An Ultrasonic Technique for Non-Destructive Evaluation of Metal-to-Metal 
Adhesive Bonds—James S. Arnold, Stanford Research Institute. 

Ultrasonic Reflectoscope Calibration Techniques—H. E. VanValkenburg, Sperry 
Products, Inc. 

22 Issued as ser arate publication ASTM STP No. 210. For the list of papers included 

in this Symposium, see Summary of Proceedings of the Buffalo Spring Meeting, p. 54. 
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SUMMARY OF PROCEEDINGS 


SYMPOSIUM ON PROPERTIES, TESTS AND PERFORMANCE OF 
ELECTRODEPOSITED METALLIC COATINGS* 


Two Sessions 
WEDNESDAY, SEPTEMBER 19, 9:00 A.M. 


a (Sponsored by Committee B-8 on Electrodeposited Metallic Coatings) 


—_—, P. James Rich (Chairman, Technical Program Committee), Consultant 
W. L. Pinner (Past President AES, Symposium, Chairman), Houdaille Industries, — 


(Continued at 2:15 P.M.) 


SOILS (Continued)® 


WEDNESDAY, SEPTEMBER 19, 9:00 A.M. 


Presiding: John Bishop (Chairman, Soil Mechanics Group L. A. Sect ASCE), Director, 
Soils & Pavement Div. Research Dept., U. S. N. Civil Engineering Research & 
Evaluation Lab., Port Hueneme, Calif. 

W. G. Holtz (Secretary, Committee D-18), Head, Earth Materials Lab., U. S. Bu 
reau of Reclamation, Denver Federal Center, Denver, Colo. 


_ Strength and Elastic Properties of Soil-Cement Mixtures—Earl J. Felt and Melvin — 

S. Abrams, Portland Cement Assn. 

Universal Soil Testing Machine—John W. Maloney, Dames & Moore. 

Experiences with Electrical Resistivity Surveys on Foundation and ~o 
Investigations in Southern California—Ray A. Maurseth and Stanley N 
Mitchell, Maurseth & Howe. 

Tests of Deadman Anchorages in Sand—J. E. Smith, U. S. Naval Civil Engineering 4 
Research Laboratory. 


SYMPOSIUM ON BUILDING DESIGN FOR SEISMIC AND 
SHOCK LOADING* 


WEDNESDAY, SEPTEMBER 19, 9:00 A.M. 


(Sponsored by Committees D-7 on Wood and E-6 on Methods of Testing Building 
Constructions) 


Presiding: Ernst Maag (Member of West Coast Committee), Principal Structural 
Engineer, Division of Architecture, Calif. State Dept. of Public Works, Sacramento 
Ben Benioff, Consulting Structural Engineer, Sherman Oaks, Calif. 


Building Design for Lateral Forces—H. J. Degenkolb, John J. Gould & H. J. 
Degenkolb. 

Report on Recent Oregon Forest Products Laboratory Tests of Cantilevered Wood 
Mullions Fixed in Diagonally Sheathed and Plywood Panels—Charles Peter 
son, California State Division of Architecture. 

Report on U. S. Forest Products Laboratory Tests of Full-Size Structural Wood 
Diaphragms Made in Cooperation with State of California and U. S. Army 
Engineers—R. P. A. Johnson, U. S. Forest Products Laboratory. 

Trends in School Building Design—Harry W. Bolin, Structural Engineering 7 
Consultant 


23 Issued as separate publication ASTM STP No. 197, see page 54 for list of Papers. 
24 Issued as separate publication ASTM STP No. 209. 
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SECOND PaciFic AREA MEETING 45 


SYMPOSIUM ON RAILROAD MATERIALS (Continued)* 


WEDNESDAY, SEPTEMBER 19, 9:00 A.M. 


—— Part II: Diesel Fuels and Lubricants: Cleaning Materials J % 
Presiding: L. S. Crane (Chairman, Committee A-2 on Wrought Iron), Engineer of Tests, 
Southern Railway System, Alexandria, Va. 


: E. B. Fields, Engineering & Research, Atchison, Topeka & Santa Fe Railway, 
Chicago, Ill. 


Coordination of Research on Locomotive Diesel Fuels and Lubrication Oils—R. W. 
Seniff, Baltimore & Ohio Railroad. 

Development of Additives for Economy Type Locomotive Diesel Fuels—G. C. 
Reinhard, XZIT Chemical Co. 

Railroad Cleaners and Cleaning Procedures—J. L. Ramsey, Wyandotte Chemical 4 
Co. 

Standardization of Railroad Cleaning Materials and Methods—C. F. 


Jursch, 
Southern Pacific Co. 
MASONRY® 


WEDNESDAY, SEPTEMBER 19, 9:00 A.M. 


"Presiding: R. W. Harrington (Vice Chairman, No. Calif. Dist.) Manager, Clay Brick 
& Tile Assn., San Francisco, Calif. 


Tests of Reinforced-Concrete Masonry Beams—Albyn Mackintosh, Consulting 

Engineer. 

Importance of Testing to the Clay Pipe Industry—A. Lee Bennett, Pacific Clay 
Products Research Laboratories. 

A Test Method for Producing Blast Loading on Clay Masonry Walls—Paul V. 
Johnson, Structural Clay Products Research Foundation. 

Efficient Sampling Techniques in the Ceramic Industry—Glenn D. James, Glad- 
ding, McBean & Co. 

Research Testing Methods of Plain Grouted, and ‘Reinforced Grouted Brick 
Masonry—J. Morley English, University of California of Los Angeles, and 
R. R. Schneider, University of Southern California. 

Testing Ceramic Tile—J. Vincent Fitzgerald and E. L. Kastenbein, Tile Council 
of America, School of Ceramics, Rutgers University. 

Effects of Type, Thickness and Age of Capping Compounds on the Apparent 
Compressive Strength of Brick—Norman W. Kelch, Associated Brick Manu- 
facturers of Southern California, and Frank E. Emme, Raymond G. Osborne 


Laboratories. 
Testing Brick, Mortar and Grout—Color Film with Narration—Robert W. Har- 
rington, Clay Brick & Tile Manufacturers Assn. (Not published) 


SYMPOSIUM ON PROPERTIES, TESTS AND PERFORMANCE OF 
ELECTRODEPOSITED METALLIC COATINGS (Continued)* 


WEDNESDAY, SEPTEMBER 19, 2:15 P.M. 


Presiding: R. B. Saltonstall (Secretary, Committee B-8), Director of Research, The = hl 
Udylite Corp., Detroit, Mich. q 


25 Publication undetermined. 


7 
® 
4 
i 
| 
¢, 
an 
— 
| 


SUMMARY OF PROCEEDINGS | 


SYMPOSIUM ON DEVELOPMENTS IN GLUED-LAMINATED 
AND OTHER WOOD CONSTRUCTIONS* 


WEDNESDAY, SEPTEMBER 19, 2:15 P.M. 


(Sponsored by Committees D-7 on Wood and E-6 on Methods of Testing Building 
Constructions) 


Presiding: D. M. Wilson (West Coast Committee Member), Prof. Civil Engineering, 
Univ. So. Calif., Los Angeles 
L. J. Markwardt (Past President ASTM, Symposium Chairman), Asst. Director, 
U. S. Forest Products Laboratory, Madison, Wis. 
F, J. Hanrahan (Chairman, Subcommittee Laminated Timber), Exec. Vice Presi- 
dent American Institute of Timber Constr., Wash., D. C. 


Developments in Glued-Laminated Construction—Robert E. Eby, Rilco Lam- 
inated Products, Inc. 

' Factors Affecting Strength and Design Principles of Glued-Laminated Construction 

-Alan B..Freas, U. S. Forest Products Laboratory. 

Range in Strength Qualities of Dimension Lumber—L. W. Wood, U. S. Forest 
Products Laboratory. 

Developments in Engineered Wood Design and Construction (Other Than Glued- 
Laminated)—Verne Ketchum, Timber Structures, Inc. 

Developments in Softwood Plywood Design and Construction—David Country- 
man, Douglas Fir Plywood Assn. 


SYMPOSIUM ON VAPOR PHASE OXIDATION OF GAS( )LINE*® 
WEDNESDAY, SEPTEMBER 19, 2:15 P.M. 


_ (Sponsored by Technical Committee on Gasoline of Committee D-2 on Petroleum Products 
and Lubricants) 

* Presiding: J. M. Campbell (National Director, ASTM), Technical Dir., Research Labs. 
Div., General Motors Corp., Detroit, Mich. 
R. C. Alden (National Director and Vice Chairman, Committee D-2), Chairman, 
Research Planning Board, Phillips Petroleum Co., Bartlesville, Okla. 
W. R. Power (Symposium Chairman), Asst. Chief Chemist, Cities Service Oil Co., 
East Chicago, Ind. 


Fuel Factors Influencing Intake System Deposition—C. R. Bauer and H. J. 
Scheule, E. I. du Pont de Nemours & Co., Inc. 
_ Induction System Gum—Engine Versus Bench Test—J. L. Keller and F. S. Leg- 
: gett, Union Oil Company of California. 
_Effect of Fuel Composition upon Intake Valve Deposit Forming Characteristics— 
- A. V. Cabal and J. Capowski, Socony Mobil Oil Co., Inc. 
Induction System Reactions—Liquid or Vapor?—A. C. Nixon, H. B. Minor and 
T. P. Rudy, Shell Development Co. 


26 Issued as separate publication ASTM STP No. 202. 
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SECOND PaciFic AREA MEETING 


‘« 


CEMENT” 


> WEDNESDAY, SEPTEMBER 19, 2:15 P.M. 


a (Sponsored by Committee C-1 on Cement) 


Presiding: W. C. Hanna (Honorary Member ASTM, Symposium Chairman), Vice 
President, California Portland Cement Co., Colton, Calif. 
R. R. Litchiser (National Director, Chairman Committee C-1), Chief Engineer, 
Ohio State Highway Testing Lab., Ohio State Univ., Columbus, Ohio 
M.A. Swayze (Past National Director), Dir. of Research, Lone Star Cement Corp., 
New York 


aa 

Alkali Aggregate Phase of Chemical Reactivity in Concrete, Part I—J. A. Hester 

and O. F. Smith, Bureau of Materials and Tests, Alabama State Highway 

Department. 

Effect of Storage on Air-Entraining Cements—W. J. McCoy and S. B. Helms, 
Lehigh Portland Cement Co. 

Hydrophobic Cement—U. W. Stoll, U. S. Navy, CERE Lab. 

Carbonation of Hydrated Portland Cement—George Verbeck, Portland Cement 
Assn. 

Determination of Magnesium Oxide in Portland Cement by Flame Photometry— 


__L.R. Pritchard, Lone Star Cement Corp. 
SYMPOSIUM ON STRUCTURAL SANDWICH CONSTRUCTION? | 7 4 


Two Sessions 
TuHurspAy, SEPTEMBER 20, 9:00 A.M. 


(Sponsored by Committee C-19 on Structural Sandwich Constructions) 


Presiding: G. R. Little (Member, West Coast Committee), Chief Engineering Inspector, 
City of Los Angeles, Dept. of Water & Power, Los Angeles, Calif. 
L. J. Markwardt (Past President ASTM), Asst. Dir., U. S. Forest Products Lab., 


Madison, Wis 
E. W. Kuenzi (Past-Chairman, Committee C-19), Civil Engineer, U. S. Forest 
Prods. Lab., Madison, Wis. 


High Temperature Testing of Adhesives for Aircraft Structural Application—J. R. 
Battalora and D. E Pulsifer, Kawneer Co. 

Effect of Dimensional Factors and Temperature on the Shear Strength of Alumi- 
num Honeycomb—W. Cheorvas, North American Aviation, Ing, and W. C. 
Plumtree, Los Angeles City College. : = 

Sandwich in the Design of Helicopters—J. M. Stevens, U. S. Dept. of the Navy, 
Bureau of Aeronautics. 

Conclusions Derived from Empirical Studies of Bonded Details for Sandwich Con- 
struction—M. L. Sheridan and H. R. Merriman, Glenn L. Martin Co. 


27 Issued as separate publication ASTM STP No. 205. 
28 Issued as separate publication ASTM STP No. 201. 
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48 SUMMARY OF PROCEEDINGS 


SYMPOSIUM ON RADIATION EFFECTS ON MATERIALS” : 
Two Sessions 7 
Tuurspay, SEPTEMBER 20, 9:00 A.M. 


_ (Sponsored by Subcommitiee on Radiation Effects of Atomic Industrial Forum and ASTM b 
Committee E-10 on Radioactive Isotopes) 


: Presiding: R. W. Truesdail (Secretary, American Council of Independent Laboratories), — 
President, Truesdail Labs., Inc., Los Angeles, Calif. 
C. C. Woolsey (Member, Special Committee Nuclear Problems), Group Leader, — 
Fuel Element Development, Atomics International Div., North America Aviation, | 
Inc., Canoga Park, Calif. 
D. O. Leeser (Symposium Chairman), Atomic Power Development Associates, Inc., 
Detroit, Mich. 


~ 


I. Theory 


Displaced Atoms in Solids—Comparison Between Theory and Experiment—G. J 
Dienes, Brookhaven National Laboratory. 


II. Radiation Facilities and Mechanics of Testing 


A Radiation Effects Program—J. E. Whitney, E. M. Chandler, J. E. Gates, and — ‘ 
| G. D. Calkins, Battelle Memorial Institute. 


The Mechanics of Testing Irradiated Materials—R. G. Berggren,C. Dismuke, M. J. 7 


Feldman, and J. C. Wilson, Oak Ridge Natinal Laboratory. 
Westinghouse Electric Corp. 


Westinghouse Testing Reactor—A. W. De Ag 
; III. Experimental—A. Fuel and Graphite Materials 


Survey of Radiation Effects on Fuel Materials—Dwain Bowen, North American — 
Aviation, Inc. 
Influence of Heat Treatment on Irradiation-Induced Dimensional Changes in - 
Some Uranium-Zirconium Alloys—J. H. Kittel, S. H. Paine, and H. H. 
Chiswik, Argonne National laboratory. 
Radiation Effects on Graphite—R. L. Carter, Atomics International, North > 


_ American Aviation, Inc. | 
NON FERROUS METALS® 
INCLUDING 1956 GILLETT LECTURE 7 

] THURSDAY, SEPTEMBER 20, 9:00 A.M. 

- Presiding: A. Schatzel (President ASTM), Vice Pres. & Director of gies. 
j Rome Rome, N. Y. 
} G. H. Harnden (National Director, Chairman Committee B-5), Consultant, Ma- 7 

terials & Processes, Engineering Services Div., General Electric Co., Schenectady : 


R. E. Paine (Vice Chairman So. Calif. Dist.), Chief Metallurgist, Aluminum Com- | * 
pany of America, Los Angeles, Calif. 


Condensed Version of the 1956 Gillett Lecture on Structural Chemistry and Met- 
allurgy of Copper—D. K. Crampton, Chase Brass and Copper Co. (Presented 
by Henry Burghoff, Metallurgist, Chase Brass and Copper Co.)*° ; 

Pit Depth Measurements as a Means of Evaluating the Corrosion Resistance of 
Aluminum in Sea Water—T. J. Summerson, M. J. Pryor, D. S. Keir, and R. J. 
Hogan, Kaiser Aluminum & Chemical Corp. eee : 


29 Issued as separate publication ASTM STP No. 208. 
% The Gillett Lecture is published only as a separate pamphlet and not included in 
ASTM STP No. 196. 
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Seconp Paciric AREA MEETING 49 


% The Properties of Beryllium Copper Strip as Affected by Cold Rolling and Heat 
Treating—J. T. Richards and Ellsworth M. Smith, Penn Precision Products, 

Inc. 
Determination of Young’s Modulus Under Conditions of Relaxation—R. W. 


Fenn, Jr., The Dow Chemical Co. : s 
CONCRETE” 


THURDSAY, SEPTEMBER 20, 9:00 A.M. 


> 


(Sponsored by Committee C-9 on Concrete and Concrete A geregates) 


Presiding: E. O. Slater (Past District Chairman; Past National Director), President, 
Smith-Emery Co., Los Angeles, Calif. 
R. E. Davis (Vice Chairman, Technical Program Committee, Symposium Chair- 
man), Director Emeritus, Engineering Materials Lab., Univ. of Calif., Berkeley ; 
Byron Weintz (Chairman, Finance Committee, Vice Chairman, So. Calif. Dist.). 
Chief Engineer, Consolidated Rock Products Co., Los Angeles 


The Partial Replacement of Portland Cement in Concrete—Bryant Mather, | 
Waterways Experiment Station, Corps of Engineers. 

Test of Prestressed Expanded Shale Concrete Beams Subject to Short-Time and 
Sustained Loads—R. E. Davis and G. E. Troxell, University of California, 4 
Don McCall, and R. A. McCann, Basalt Rock Co. 

The Effect of Aggregate Quality on Resistance of Concrete to Abrasion—Fabian r 

L. Smith, U. S. Bureau of Reclamation. 

A Physical Method for Determining the Composition of Hardened Concrete—_ 
J. W. Kelly, Milos Polivka, and C. H. Best, University of California. 


SYMPOSIUM ON INDUSTRIAL WATER AND 
INDUSTRIAL WASTE WATER* 


Two Sessions 
THURSDAY, SEPTEMBER 20, 9:00 A.M. 
(Sponsored by Committee D-19 on Industrial Water) 


Presiding: C. H. Fellows (Past President ASTM), Director, Engineering Lab & Research a 
Dept., The Detroit Edison Co., Detroit, Mich. 
L. D. Betz (Symposium Chairman), Gen. Manager, W. H. & L. D. Betz, Phila, Pa. 


Industrial Waste Problems in Southern California—T. C. Wilson, Los Angeles — 
Bureau of Standards. 

Water Pollution Control in the Los Angeles Area—Carl B. Johnston, Pomeroy and 
Associates (Formerly Los Angeles Regional Water Pollution Control Board 
No. 4.) 

Committee D-19: The First Quarter Century—Robert C. Adams, U.S. Naval 
Engineering Experiment Station. 


THURSDAY, SEPTEMBER 20, 2:15 P.M. 


Presiding: R. C. Adams (Vice Chairman, Committee D-19), Supt., Chemical Engineer- | 
ing Lab., U. S. N. Engineering Experiment Sta., Annapolis, Md. 


Sea Water Purification—O. M. Elliott, Sun Oil Co. 

The Use of Organic Flocculants and Flocculating Aids in the Treatment of In-_ 
dustrial Water and Industrial Waste Water—J. K. Rice, Cyrus Wm. Rice 
& Co. 


31 Issued as separate publication ASTM STP No. 207. 
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SYMPOSIUM ON RADIATION EFFECTS ON 
MATERIALS (Continued)*® 


THURSDAY, SEPTEMBER 20, 2:15 P.M. 


II Experimental—B. Structural Materials Including Organics 


r Presiding: Frank Linn (Member, Special Committee Nuclear Problems), Aircraft Nuclear 
7 Propulsion Div., General Electric Co., Evendale, Ohio 
G. D. Calkins (Honorary Chairman, Committee E-10), Battelle Memorial Tastitute, 
Columbus, Ohio 


J. B. Austin (Atomic Industrial Forum), Vice Pres., Fundamental Research, U. “4 
Steel Corp., Pittsburgh, Pa. 
Survey of the Effects of Neutron Bombardment on Structural Materials—L. 
Castleman, Atomic Energy Division, Sylvania Electric Products. 
' A Summary of the Effect of Irradiation on Some Plastics and Elastomers—Oscar 
° Sisman and C. D. Bopp, Oak Ridge National Laboratory. 
Effect of Irradiation on the Notched-Bar Impact Properties of Some Plain-Car- 
bon Steels—D. O. Leeser, Atomic Power Development Associates, Inc. and 
G. J. Deily, E. I. du Pont de Nemours & Co. Inc. 
Radiation Effects on Welds and Notches in Plain-Carbon Steels, Stainless Steels 
and Nonferrous Alloys—D. O. Leeser, Atomic Power Development Associates. 
Fast Neutron Effects on Tensile and Hardness Properties of Type 347 Stainless Steel 
W. F. Murphy and S. H. Paine, Argonne National Laboratory. 
Effects of Radiation Damage on Precipitation Hardening Alloys with Special 
Reference to Copper-Iron Alloys—A. Boltax, Massachusetts Institute of 
Technology. 


PAINT 
Report on Activities of Committee D-1 


THURSDAY, SEPTEMBER 20, 2:15 P.M. 
Presiding: J. C. Moore (National Director, ASTM), Technical Dir., Coatings Research 


4 Group, Bethesda, Md. 
W. A. Gloger (Secretary, Committee D-1), National Lead Co., Brooklyn, N. Y. 


‘The D-1 Program on Drying Oils—E. C. Gallagher (National Lead Co.). Vice- 
Chairman, Subcommittee IT. 

A Study of the Quality of Water in the Carbon Arc Light and Water Exposure 
Apparatus—W. F. Singleton (E. I. du Pont de Nemours & Co., Inc.), Sub- 
committee VII. 

Solvents and Thinners—M. B. Chittick (American Mineral Spirits Co.), Chairman, 
Subcommittee V. 

Gloss Measurement—Past, Present and Future—H. K. Hammond (National 
Bureau of Standards) Secretary, Subcommittee X. 

Proposed Methods for the Preparation for Painting of Light Metal Alloy Surfaces— 
R. 1. Wray (Aluminum Company of America) and L. Whitby (Dow Chemical 
Co.) Subcommittee XXTX. 

Progress in Measuring Color Difference—G. W. Ingle (Monsanto Chemical Co), 
Subcommittee X. 

Report on Activities of Subcommittee XII on Latex and Emulsion Paints—M. W. 
Westgate (National Paint, Varnish & Lacquer Assn.), Secretary, Subcom- 
mittee XII. 


—— Progress Review of Subcommittee IX—J. C. Weaver, Sherwin-Williams Co. 
*? A number of these reports have been published in the American Paint Journal. Oo 
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PactFic AREA MEETING 


-~ SYMPOSIUM ON STRUCTURAL SANDWICH 
CONSTRUCTIONS (Continued)* 


THURSDAY, SEPTEMBER 20, 2:15 P.M. 
Presiding: T. P. Pajak (Vice Chairman, Committee C-19, Symposium Chairman), Re- 
gional Manager, Hexcel Products Co., Baltimore, Md. 
Walter Lovett (Membership Secretary Committee C-19), Sales Engineer, Pitts- 
burgh Corning Corp., Pittsburgh, Pa. 


Selection of Materials for Architectural Sandwich Panels—Robert E. Parkinson 
Kawneer Co. 

An Ultrasonic Technique for Non-Destructive Evaluation of Metal-to-Metal 
Adhesive Bonds—James S. Arnold, Stanford Research Institute. 

Recent Developments in Sandwich Construction Including Heat Resistant Ma- 
terials—R. C. Steele, Hexcel Products, Inc. 

Metal-to-Resin Adhesion as Determined by a Stripping Test—W. J. Snodden, 
Minnesota Mining & Manufacturing Co. 

Methods of Testing Sandwich at Elevated Temperatures—E. W. Kuenzi, U. S. 
Forest Products Laboratory. 


SYMPOSIUM ON RADIOACTIVE ISOTOPES*® 


Two Sessions 
Fripay, SEPTEMBER 21, 9:00 A.M. 


(Sponsored by Committee E-10 on Radioactive Isotopes) 
Presiding: R. B. Stringfield (Past Chairman, So. Calif. Dist.), Consulting Chemical 
Engineer, Los Angeles, Calif. 
C. E. Crompton (Symposium Chairman, Chairman Committee E-10) Assoc. Tech- 
nical Dir., National Lead Co. of Ohio, Cincinnati 


Electroplating and Metal Preservation Studies Utilizing Radioisotopes—Stanley L. 
Eisler, Rock Island Arsenal Laborator, : 

Evaluation of Rubber Deterioration by Means of Radioisotopes—J. F. Young and 
C. W. Richards, Douglas Aircraft Co., Inc. 

The potential of Autoradiography as a Testing Technique—Henry Gomberg, 
University of Michigan. 

Use of Radioactive Tracers in the Study of Soil Removal and Detergency—FE. B. 
Ashcraft, Westinghouse Research Laboratories. 

Refinery Scale Applications of Radioactive Tracers—V. P. Guinn, H. R. Lukens, 
Jr., and D. C.,Wagner, Shell Development Co. 

Activation Analysis for Industry—Abel DeHaan, Tracerlab, Inc. 


33 Tssued as separate publication ASTM STP No. 215. 
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SUMMARY OF PROCEEDINGS 


SYMPOSIUM ON PAINT _ 
Two Sessions 
FRipay, SEPTEMBER 21, 9:00 A.M. 


Presiding: S. C. Harris, Bradley Paint Co., Los Angeles, Calif. 
G. J. Grieve (Secretary, No. Calif. Dist.), Sales Mgr., Transportation Sales, Pacific 
Paint & Varnish Co., San Francisco, Calif. 


Silicones in the Protective Coatings Industry—H. L. Cahn, General Electric Co.™ 
Surface Treatments for Metals Prior to Painting—A. J. Tuckerman, Bradley 
Paint Co. 
Some Aspects of Testing Vinyl Metal Finishes—-C. I. Spessard, Bakelite Co., 
Division of Union Carbide & Carbon Corp. 
Protective Coatings for the Railroad Industry—G. J. Grieve, Pacific Paint & 


FATIGUE 


Two Sessions 


FRAY, SEPTEMBER 21, 9:00 A.M. 


(Sponsored by Committee E-9 on Fatigue) 
Presiding: E. O. Bergman (Vice Chairman, West Coast Committee), Technical Adviser 
C. F. Braun & Co., Alhambra, Calif. . 
RR. E. Peterson (Chairman, Committee E-9), Mgr., Mechanics Div., Westinghouse 
Research Labs., Westinghouse Elec. Corp., E. Pittsburgh, Pa. 


Effect of a Number of Variables on the Fatigue Properties of High-Strength Steels 
—G. Sachs, B. B. Muvdi, and E. P. Klier, Syracuse University Research 
Institute." 

Full Scale Wing Fatigue Testing—A. R. Vollmecke, Convair Division, General 
Dynamics Corp.* 

Riveted Joints—Fatigue Strength—C. R. Smith and G. D. Lindeneau, Convair 
Division, General Dynamics Corp. 

Determination of Fatigue Crack Initiation and Propagation in a Magnesium 
Alloy—Robert B. Clapper and J. A. Watz, The Dow Chemical Co." 

Axial Stress Fatigue, Creep, and Rupture Properties of Unnotched and Notched 
Specimens of Heat Resistant Alloys—F. H. Vitovec and B. J. Lazan, 
University of Minnesota." 

SYMPOSIUM ON RADIOACTIVE ISOTOPES®. 


Two Sessions 


Fripay, SEPTEMBER 21, 2:15 P.M. 


Presiding: G. D. Calkins (Honorary Chiarman, Committee E-10), Asst. Division Chief, 


Battelle Memorial Inst., Columbus, Ohio 


Determination of Napthalene in Coal Tar by Dilution Analysis—O. K. Neville, 


Nuclear Instrument and Chemical Co. 


Thickness and Concentration Gaging with Radioactive. Isotopes—R. L. Newa- 


check, J. Kohl, and D. L. Forrest, Tracerlab, Inc. 


* To be published in ASTM Bu.tetin. 
%5 To be published in ASTM Butietin. 
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Pactric AREA MEETING 


Application of a Beta Ray Backscatter Thickness Gage to Traffic Paint Wear 
Studies—Bryant W. Pocock, Michigan State Highway Department. 

Will ASTM Standards Be Influenced by Radiation Effects in Metals?—J. C. 
Wilson and R. G. Berggren, Oak Ridge National Laboratory.” 

The Problem of Establishing Specifications for Irradiated Organic Materials— 
Oscar Sisman, Oak Ridge National Laboratory.” 

Problems of Radiation Dosimetry—V. P. Calkins, General Electric Co., ANP 
Project.” 


SYMPOSIUM ON PAINT | rr 


Fripay, SEPTEMBER 21, 2:15 P.M. 

Presiding: L. A. O’Leary (Vice Chairman, Finance Committee), Head, Chemical Engi- 
neering & Research, W. P. Fuller & Co., So. San Francisco, Calif. 

L. L. Whiteneck (Chairman, Industrial Luncheons Commitee), Vice President and 
Director, Corrosion Control and Material Research, Plicoflex, Inc. 


Evaluation of Paints and Protective Coatings for Municipal Use—J. H. Rigdon, 
Los Angeles Bureau of Standards. 

A Method for the Evaluation of Protective Coatings on Metal Surfaces in Marine 
Environments—L. L. Whiteneck, Long Beach Harbor Department. 

Control of Phosphatizing Systems—Sam Spring, Kelite Corp. 

Why Paint Specifications?—Their Tests and Controls—C. F. Pickett, Paint and 
Chemical Laboratory, Aberdeen Proving Ground. 

‘A New Optical Parameter for Glare-Reducing Window Coatings—R. D. Hitch- 

cock and W. L. Starr, U. S. Naval Civil Engineering Research and Evaluation 

Laboratory. 


FATIGUE 


Fripay, SEPTEMBER 21, 2:15 P.M. 
Presiding: F. M. Howell (Member, Administrative Committee on Papers), Aluminum 
Research Labs., Aluminum Company of America, New Kensington, Pa. 
Paul Kuhn (Chairman, Subcommittee on Aircraft Structural Fatigue Problems, 
E-9), NACA, Langley Aeronautical Lab., Langley Airforce Base, Va. 


Rehibilitation of Fatigue-Weary Structures—J. P. Butler, Boeing Airplane Co.* 

The Effect of Forming on Mechanical Properties—J. L. Waisman, Douglas Air- 
craft Co., Inc. 

The Effect of Temperature and Frequency on the Fatigue of High Purity Alumi- 
num—J. E. Dorn, University of California." 

Uni-Directional Axial Tension Fatigue Tests of Beryllium Copper and Several 
Precipitation Hardening Corrosion Resistant Steels—M. H. Weisman, J. 
Melill, and T. Matsuda, North American Aviation, Inc." 


= To be published in ASTM Buttetin. 
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SUMMARY OF PROCEEDINGS OF BUFFALO SPRING MEETING 


During the 1956 Committee Week held in Buffalo, New York, a special 
technical session was held on Wednesday, February 29, constituting the 
1956 Spring Meeting: 


SYMPOSIUM ON PROPERTIES, TESTS, AND PERFORMANCE OF 
ELECTRODEPOSITED METALLIC COATINGS 


This symposium was sponsored by Committee B-8 on Electrodeposited 
Metallic Coatings. Two major problems that have faced Committee B-8 
are what materials and processes are necessary for a satisfactory electro- 
plate and what is a valid test of a satisfactory electroplate. In an effort to 
bring up to date the work in this field, the committee sponsored this Sym- 
posium on Properties, Tests, and Performance of Electrodeposited Metallic 
Coatings. 

The Society held its Second Pacific Area National Meeting in Los Angeles 
during the week of February 17-21. At the request of the local committee 
in charge of the technical program the Symposium of Electrodeposited 
Metallic Coatings was re-presented during the Pacific Area Meeting, on 
September 19, 1956, at which time an additional paper by A. L. Alexander 
on “Evaluation of Phosphate Coatings over Electrodeposited Zinc,” cover- 
ing this further project of Committee B-8, was included. Advantage has 
been taken of the discussion that took place at both the Buffalo and Los 
Angeles meetings in the preparation of this publication. 

Mr. W. L. Pinner, Houdaille Industries, Inc., Detroit, Mich., acted as 
Symposium Chairman and presided over the morning session at the Buffalo 
meeting, and with J. P. Rich, Consultant, Redondo Beach, Calif., at the 
morning session at the Los Angeles meeting. Mr. R. J. McKay, Interna- 
tional Nickel Co. Inc., New York, N. Y., acted as Chairman for the after- 
noon session at the Buffalo meeting, and Mr. R. B. Saltonstall, the Udylite 
Corp., Detroit, Mich., acted as Chairman for the afternoon session at the 
Los Angeles meeting. 

The following papers are included in the Symposium: 


Introductory Remarks—W. L. Pinner 

History of ASTM Committee B-8—William Blum 

The Corrosion Behavior and Protective Value of Copper-Nickel-Chromium 
and Nickel-Chromium Coatings on Steel—C. H. Sample 

Evaluation of Methods Available for Measurement of Surface Luster of Electro- 
plated Coatings—G. B. Bowman 

Recommended Practices for Cleaning Prior to Electroplating—S. Spring 

A Comparison of the Corrosion Behavior and Protective Value of Electrode- 
posited Zinc and Cadmium Coatings on Steel—C. H. Sample, A. Mendizza, 
and R. B. Teel 

Evaluation of Phosphate Coating over Electrodeposited Zinc—A. L. Alexander 

Evaluation of Testing Methods for Supplementary Coatings—R. E. Harr 

Atmospheric Exposure of Electroplated Lead Coatings on Steel—A. H. DuRose 

The Standard Salt-Spray Test—Is It a Valid Acceptance Test—A. Mendizza. 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 197 entitled “Symposium on Properties, Tests, and Per- 
formance of Electrodeposited Metallic Coatings.” 
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THE CHALLENGE OF NUCLEAR ENERGY ACCEPTED BY 


THE ELECTRIC POWER INDUSTRY AND ASTM 


ANNUAL ADDRESS BY THE PRESIDENT 


June 19, 1956 


As many ASTM’ers may know, I have 
spent nearly 35 years working on 
ASTM’s technical committees, the last 
25 years as a member of the Society. For 
nearly 40 years I have been associated 
with one company in the nation’s great 
electric power industry. Within that 
time I have seen ASTM Standards— 
methods of testing and evaluation of 
materials and _ specifications—adopted 
in that industry for its great multiplicity 
of purposes. 

Its construction programs employing 
cement, concrete, and steel have been 
controlled by this Society’s specifications; 
its purchases of steel piping used in the 
generation and transfer of high-tempera- 
ture steam have been controlled by those 
specifications; its selection of electrical 
insulating oils and lubricating oils has 
come to be made through the application 
of ASTM-developed test procedures; 
and the great variety of manufactured 
equipment comprising components of 
wood, paper, fabric, plastics, paints, and 
such metals as lead, copper, aluminum, 
and silver have been judged as acceptable 
or have been rejected upon the basis of 
ASTM Standards. 

Mechanical and electrical engineers 
applied these Standards to the industry’s 
business. Within the period of my associ- 

1 Director, Engineering Laboratory and Re- 


search Dept., The Detroit Edison Co., Detroit, 
Mich. 


H. FELLows'! 


ation in it, the chemist and metallurgist 
have come to play ever increasingly im- 
portant roles. And today a new scientist 
—the physicist—is called upon to con- 
tribute of his fund of knowledge to that 
of these others in the effort to meet the 
challenge created by the demand for 
more and more power. 

Perhaps the most important step that 
has been made in the past 10 years to- 
ward the goal of more power, possibly 
at an even lower cost than prevails at 
present, has been that concerted effort 
by industry, and chiefly by the electric 
power industry, to develop the efficient 
application of nuclear energy for the 
generation of electric power. 

Until now you have had no clue as to 
the theme of this address. After all, a 
theme, as someone once said, is just a 
point of departure from which a speaker 
may wander for forty or fifty minutes. I 
can assure you, I have done just that 
during the past 18 months while I de- 
bated the question of what subject to 
speak on today. Many of you are more 
closely associated with the industrial 
application of nuclear energy than I am, 
but I believe most of you will be inter- 
ested in the present status of that effort, 
begun in 1950, by the Dow Chemical 
Co. and Detroit Edison Co. to examine 
the possibilities of the development of an 
economically competitive nuclear-energy 
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heat source in the generation of electric 
power. 

May I take just a few minutes to tell 
you of this project and, I hope, show you 
how ASTM with its logical and system- 
atic approach to the materials problems 
of industry is now diligently concerning 
itself in this new area of evaluating the 
measurable physical effects of nuclear 
radiation of materials. 

APDA—Atomic Power Development 
Associates—is the outgrowth of the 
original Dow Chemical-Detroit Edison 
group of associates from which Dow 
Chemical later withdrew. This group 
comprises 33 electric power companies 
and 12 engineering and manufacturing 
firms. It is a nonprofit membership corpo- 
ration of United States industries, having 
as its primary objective the development 
of the heat of nuclear fission into a com- 
mercially practicable means of electric 
power generation. 

Specifically this corporation was com- 
missioned to design and develop a liquid- 
metal-cooled, fast breeder reactor having 
a gross electric output of 100,000 kw with 
steam conditions defined as 600 psi and 
750 F. The estimated cost was to be 
$45,000,000. 

PRDC—Power Reactor Development 
Company—comprising 18 electric power 
companies and 8 engineering and manu- 
facturing companies was organized to 
build, own, and operate the reactor de- 
signed by APDA. 

APDA’s objective is a continuing one. 
While PRDC builds and operates this 
initial reactor, the earlier group will con- 
tinue its studies, because it is recognized 
that this first power reactor will not be 
an economically competitive unit and 
that through experience with it, new 
designs will be born that will enable the 
engineers to more closely approach the 
ultimate objective. 

Even today there will be some who 
question the need for developing nuclear 


power. Many have wondered why such 
large sums of money and so many man- 
hours have been expended in its develop- 
ment. Actually, there are three very 
important reasons. 

First, our ever-increasing requirements 
for energy dictate that we supplement, 
and use more effectively, our present 
conventional fuels. During the past ten 
years, the electric power industry has 
more than doubled its output and has 
increased its conventional fuel consump- 
tion nearly 100 per cent. It is expected 
that an equal growth will result during 
the next decade. With this increase in 
fuel consumption, we must concern our- 
selves with future availability of con- 
ventional fuels. Data compiled by the 
Atomic Energy Commission indicate 
that the known world deposits of ura- 
nium and thorium represent, assuming 
full utilization, some 23 times the heat 
equivalent of the world’s conventional 
fuel deposits. This then constitutes an 
urgent reason for the development of 
atomic power. 

The second reason for developing this 
type of energy is the possibility of pro- 
ducing power at a lower cost. We believe 
that there lies within the atom, this po- 
tential. 

Power costs vary greatly, even 
throughout the United States, depending 
largely upon the availability of fuel. 
Therefore, what is economic power in 
one locality may not prove to be eco- 
nomical in other areas or other countries. 
It is evident that in the New England 
area, where fuel costs are as high as 40 
to 50 cents per million Btu, nuclear power 
can be justified much more readily than 
in the Southwest, where fuel costs are on 
the order of 10 to 15 cents per million 
Btu. 

Then too, coal costs are ever increas- 
ing, and consequently, if power compa- 
nies are to maintain low rates, as they 
have in the past, it is imperative that 
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further engineering techniques be devel- 
oped. We look to nuclear energy as a 
means of eventually producing lower-cost 
power, provided, of course, that costs of 
labor, taxes, and construction materials 
remain at or near present levels. 

The third reason for developing. nu- 
clear energy is the political aspects of 
the world race for the peaceful use of the 
atom. This is probably one of the strong- 
est motivations for our,Government to 
solve this problem. President Eisen- 
hower’s international program and the 
formation of the Fund for Peaceful 
Atomic Development are significant 
steps toward this end. 

The APDA group in Detroit is now 
working on the development of what is 
called a breeder-type reactor in which 
more fissionable fuel is created than is 
burned. Actually very little practical 
experience is available with the breeder- 
type reactor. Argonne National Labora- 
tories constructed and has operated since 
late in 1951 the EBR I (Experimental 
Breeder Reactor No. 1) at the National 
Reactor Testing Station, Arco, Idaho. 
They are now designing a second breeder 
reactor of 60 Mw heat output to be 
known as EBR II. 

Fuel costs are greatly reduced with 
this type of operation, but unfortunately, 
there are offsetting disadvantages. Fixed 
charges are high, associated with a large 
inventory of valuable materials. Ex- 
pensive fuel processing also is a major 
problem with this type of reactor. 

Each type of reactor has its own char- 
acteristic advantages as well as disad- 
vantages. At this period in reactor tech- 
nology, it is not possible to state which 
of these represents the best over-all solu- 
tion to economical nuclear power. Be- 
cause of the many unknowns, it was nec- 
essary that additional experience be 
obtained with a large variety of reactors. 
During the early part of 1954, the AEC 
announced its 5-yr reactor program. 
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This program encompassed the develop- 
ment of five different reactor concepts. 
It was undertaken in an effort to assist 
in advancing reactor technology and 
civilian use of nuclear power. 

This program includes: 

1. pressurized water reactor, 

2. experimental boiling water reactor, 

3. sodium-graphite reactor experi- 

ment, 

4. experimental] breeder reactor No. 2, 
5. homogeneous reactor. 

Paralleling this AEC reactor program 
and in addition to it, there is the so- 
called ‘Reactor Demonstration Program 
for Industry.” This is being carried on 
by private industry and includes nu- 
merous utilities, equipment manufac- 
turers, engineering and _ construction 
firms, chemical companies, shipbuilding 
companies and others working together 
to advance the field of reactor technology 
and nuclear energy. In this program, 
commercial reactors of each of the types 
mentioned earlier are planned for con- 
struction. 

In the case of the pressurized water 
reactor, the Yankee Atomic Electric Co. 
including 12 utility companies is con- 
sidering constructing a plant at Rowe, 
Mass., that will have a capacity of about 
130,000 kw. 

The Consolidated Edison Co. of New 
York is also considering constructing a 
plant using a reactor of this type at In- 
dian Point, N. Y. This plant will have a 
capacity of 150,000 kw. 

The Commonwealth Edison Co. and 
its associates are planning construction 
of a plant at Dresdon, Ill., using the 
experimental boiling water reactor that 
will have a capacity of 180,000 kw. 

The sodium-graphite reactor experiment 
is a responsibility of the North American 
Aviation Co. It will be constructed at 
Santa Susana, Calif. The Southern Cai- 
ifornia Edison Co. will install turbine 
equipment to utilize the steam. 
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The Consumers Public Power District 
of Nebraska has AEC approval to install 
a plant of this type that will have a ca- 
pacity of 75,000 kw. 

The Nuclear Power Development Co. 
including The Detroit Edison Co. and 
25 associates will construct the develop- 
mental breeder reactor plant south of De- 
troit. It will have a capacity of 
100,000 kw. 

Besides the two homogeneous reactors 
being developed and studied by the Oak 
Ridge National Laboratories there is 
one under consideration jointly by the 
Pennsylvania Power and Light Co. and 
Westinghouse for large scale power gen- 
eration. Reactors of this type are signifi- 
cantly different from the others in that 
the finely divided fuel, either uranium 
or thorium, is suspended in water and 
pumped through the reactor vessel. 

This is a program in which over 
$300,000,000 of private money is being 
spent. It is the largest research effort 
ever undertaken in which the electric 
power industry is taking the leading 
role. 

As I stated earlier, APDA designed 
and developed a_liquid-metal-cooled, 
fast breeder reactor; PRDC will build 
and operate it. It is to be built on a site 
some 30 miles south of Detroit near the 
west shore of Lake Erie. Ground is ex- 
pected to be broken for this new pri- 
vately owned plant on August 8, 1956, 
the anniversary of the Geneva Atomic 
Energy Conference in 1955. This anni- 
versary date, we believe, will be his- 
torically significant. It will be completed 
in 1960. 

ASTM is also fully aware of the impact 
which the extensive use of nuclear energy 
will make in regard to materials testing 
programs. It may interest you to know 
that ASTM has already undertaken talks 
with AEC representatives for the purpose 
of exploring ways by which the Society 
with its organized committee setup might 
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best serve industry and AEC in the area 
of developing standard tests for the struc- 
tural materials of atomic reactors and 
materiais of accessory equipment. 

It was the consensus of a meeting at- 
tended by representatives of selected 
AS¥M Technical Committees that the 
Society proceed at once to initiate pro- 
grams within the framework of its com- 
mittee organization toward the end that 
standard test methods and ultimately 
specifications could be developed. This 
recommendation was approved by the 
Board of Directors at its January meet- 
ing. An Advisory Committee was ap- 
pointed. It will function as an adminis- 
trator and coordinator that will guide 
ASTM’s activities in this new field, both 
with respect to power and other applica- 
tions. Our membership can feel assured 
that ASTM is taking the significant part 
it should take in the development of this 
important new source of power for Amer- 
ican as well as worldwide industry. 

Although we have made significant 
steps forward in reactor technology, we 
still have a long way to go. The nuclear 
power industry stands today where con- 
ventional-fueled steam power did fifty 
years ago. 

Great advances have taken place in 
the production of electrical energy largely 
because of the efforts of the electric power 
industry and the manufacturers of elec- 
trical apparatus and equipment. I am 
confident that equally important de- 
velopments in power generation using 
nuclear reactors as heat sources will also 
come in the years ahead. 

I am equally confident that, as our 
ASTM Technical Committees contrib- 
uted significantly to the development of 
materials for present-day power plants, 
those same committees augmented in 
some instances by new personnel will 
make a like contribution in this area of 
generation using nuclear energy. 
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ANNUAL ADDRESS BY THE PRESIDENT 


Throughout this entire discussion I 
have emphasized the striking progress 
the electrical power industry has made 
in the direction of developing and adapt- 
ing to its own purposes this energy from 
the atom. 

In closing, I should like to leave this 


thought with you: I quote: 


Man is not master of the universe be- 
cause he can split the atom. He has split 
the atom because he believed in his own 
unique mastery. Faith led to the material 
achievement, not the achievement to the 


faith. 
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Someone has said, “A business suc- 
ceeds not because it is big, or because it 
has been long established, but because 
there are men and women in it who live 
it, sleep it, dream it, and build great 


future plans for it.” Basically, this is the 
underlying reason for the past, present, 
and continuing successful work and ex- 
pansion of our Society. Figuratively and 
actually there are many of our officers 


HIGH LIGHTS, 1955 FINANCIAL OPERATIONS 
1955 1954 1953 | 1952 

Gross Receipts: | 

Membership Dues.............. $252 100 $236 400 $233 700 $226 300 
Sales of Publications............ 521 500 470 500 512 300 338 500 
Expenditures $305 400 | $276 900 | $237 800 $211 800 

350 000 | 337 500 323 800 259 800 

196 000 196 600 | 159 500 148 400 

851 400 811 000 | 721 100 620 000 
Favorable Operating Balance..... $400 eid $93 500 $28 400 
Operating Deficit................ $16 400 
Net Assets: | 

ee | $277 700 $295 200 | $244 800 $184 800 

Investments and Cash......... 880 500 797 000 776 950 733 900 

29 500 29 700 22 800 22 500 

eee 1 187 700 | 1 121 900 | 1 044 550 941 200 
Asset Equity of Each Member.... $147 $145 $138 $128 
Number of Members............. 8 079 7 762 7 581 7 342 

1955 1954 1953 1952 

Pages of Publications............ 18 742 8 088 8 518 15 747 
Number of Employees........... 69 65 60 56 


yi! 
> 
J 
- 
a 
“~ 
| 
7 
i 
‘ 
af 
| 
| 
List]; 
4 


ANNUAL REPORT OF BOARD OF DIRECTORS 


and members who devote a considerable 
portion of their time, much of it outside 
office hours, to the welfare of ASTM. 
No other technical or professional 
organization has such a high percentage 
of its members and workers actually 
doing things on committees, or preparing 
papers, or performing related functions, 
as does ASTM. 

Including the upwards of 5000 mem- 
bers of our committees who themselves 
are not actual members or official repre- 
sentatives of company members, it is 
estimated that 70 per cent of the 13,500 
men in the Society are serving on 
technical or other committees. With 
these committees occupying such an 
essential place in the Society, it is a 
corollary that we progress because of the 
consistent work they are doing. 

What new activities were initiated in 
the Society in recent months as a result 
of the efforts and enthusiasm of our 
members? Very briefly, in the following 
portions of this report, are noted some of 
these developments. Several new com- 
mittees were organized or authorized as 
noted under Technical Activities. The 
tremendous volume of published ma- 
terial, over 18,000 pages, bespeaks well 
the results of research and standardiza- 
tion work. 

Our membership, reaching a new high, 
includes 775 new members who joined 
in 1955—by far the largest ever. The 
preceding table showing highlights of 


Technical Activities 


The past year was marked with a 
number of important new technical 
activities. As noted below, new main 
committees were formed and in addition 
to these some of the older committees 
expanded their work to cover important 
new segments of the materials fields 


61 


financial operations indicates a steady 
growth in net assets and notes that 1955 
was the year of our highest income. 

As a Society for materials, and not 
solely concerned with testing, it is an 
obligation of ASTM that it welcome 
representation from other organizations 
either concerned with or doing work 
relating to materials. Closer relations 
with a number of important professional 
and trade groups have been established 
in 1955. We see an increasing interest in 
our technical committee work by 
industry in the western states and 
gradually, with distance being broken 
down by more ready means of com- 
munication, more of the West’s leading 
engineers are becoming active in our 
work. 

All in all, 1955 was a satisfactory year. 
But standards are not static. Research, 
too, has to be aggressive and the pressing 
demands for new or improved materials 
continue. It may be that the most basic 
factor responsible for the progress made 
is a realization that our work will never 
be done; that always there will be better 
ways of testing and evaluating materials, 
that continually we can improve their 
quality; and finally that despite a mild 
sense of satisfaction of where the 
ASTM’s 58 years have brought us, much 
more remains to be done and with the 
tempo of demand rising, we must be able 
to do our work faster and more ef- 


ficiently. 


with which they are concerned. An 
earnest attempt is made through the 
annual reports of the committees and by 
news accounts in the ASTM BULLETIN 
to keep the members informed. Some 
of the important new developments 


are noted here. 
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New Activities 
Hydraulic Fluids: 


To undertake needed research and 
standardization work covering both 
synthetic and petroleum type hydraulic 
fluids, a new Technical Committee N 
has been organized in Committee D-2 on 
Petroleum Products and Lubricants. 
This work will encompass test methods, 
specifications, and nomenclature and 
also may involve research work leading 
to a better knowledge of the properties 
of these materials which are steadily 
growing in importance. The committee 
includes representatives not only of 
leading producers and consumers but 
also of other organizations concerned. 


Putty, Glazing, and Caulking Compounds: 


Culminating considerable discussion 
on coverage of glazing and caulking 
compounds, a new subcommittee was 
organized in Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products. 
This group, which will be concerned with 
putty and glazing and caulking com- 
pounds, has indicated that its long-range 
program would involve the following: 
(1) glazing compounds for metal sash 
and wood sash, (2) caulking compounds, 
(3) putty for metal and wood sash, and 
(4) extruded-type caulking compounds. 
Reference to this work appears on page 
37 of the April ASTM Buttetin. 


Carbon Black: 


The April BULLETIN, page 45, de- 
scribes steps leading to the new Com- 
mittee D-24 on Carbon Black, to be 
formally organized during the Annual 
Meeting. The scope of the committee, as 
approved by the Board of Directors, is 
as follows: 


Scope.—The promotion of knowledge of 
the properties of those materials generally 
known as carbon blacks, including stimula- 
tion of research and the development of 
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methods of test, classification, specifications 
and nomenclature. These activities will be 
coordinated with those of relevant commit- 
tees of ASTM. 


Carbon black is used in a variety of 
industries and the new committee will 
have the benefit of important recent 
work in the industry on test methods. It 
is expected these proposed methods will 
be published as information in the 
ASTM BuLLetIn to elicit comments. 


Sorbent Mineral Materials: 


Consideration of this field started 
with a suggestion from those concerned 
with absorbent floor cleaning materials. 
As a result of study and conferences a 
new technical committee has _ been 
authorized with the following scope: 


' 


Scope.—The definition of terms and the 
formulation of methods of test covering sorp- 
tive mineral materials as used for surface 
maintenance and safety and the stimulation 
of research to accomplish the foregoing pur- 


poses. 


While the original proposal relates 
specifically to the clay type of material 
(fullers earth) the scope as outlined 
envisions diatomaceous earth and others 
as well. 

The Directors also approved the 
proposed personnel of the committee, 
which will be announced. 


Casein: 


During the year the Board of Directors 
took favorable action with respect to 
the organization of a new committee on 
casein which would develop definitions 
of terms and formulate test methods and 
specifications for industrial casein. The 
establishment of this committee is being 
implemented through the customary 
procedure of the appointment of a 
steering committee to bring in specific 
recommendations on personnel. While 
the work will initially be confined to 
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casein, it is possible it will later be 
expanded to include other proteins. 


The interest in magnet wire has in- 
creased considerably during the past few 
years, particularly in view of the intro- 
duction of a number of newer types of 
insulation. The Society has been repre- 
sented on the Sectional Committee on 
Magnet Wire (C9), functioning under 
the sponsorship of the National Electrical 
Manufacturers Association. In addition 
to this, a new subcommittee has been 
established in ASTM Committee D-9 on 
Electrical Insulating Materials to deal 
with the methods of testing magnet wire, 
and the representation of the Society on 
the sectional committee has been in- 
creased in order to tie in this new work 
effectively with the work of the sectional 
committee. It is not proposed to carry 
out work on specifications for magnet 
wire independent of the sectional com- 
mittee. Specifications for the conductor 
for use in magnet wire are covered by 
ASTM Committee B-1. 


Magnet Wire: 


Materials Used in Nuclear Energy Work: 


To guide and counsel the Board of 
Directors and the technical committees 
on the involved problems which will 
develop as research and standardization 
studies get under way on materials used 
in nuclear energy work, both in reactors 
and in other areas, an extensive con- 
ference was held in New York City on 
November 11, 1955. Numerous technical 
committees and other organizations were 
represented. It was the consensus that 
work on materials should be undertaken 
promptly and that it was quite logical 
that these activities generally be handled 
in the respective interested technical 
committees. In view of the importance 
of the subject, a special administrative 
committee was set up, the personnel of 
which is given below. Following con- 
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siderations in this group and participa- 
tion in a general conference called by the 
American Standards Association, a letter 
was sent to the officers of ASTM 
technical committees with the request 
that they advise of any proposed 
projects in this field. 

Committee B-2 is considering the 
possibility of writing specifications for 
zirconium and beryllium and nuclear fuel 
elements such as uranium; Committees 
A-1 and A-10 have included some steel 
compositions in certain of the austenitic 
steel specifications for extra low carbon 
grades and also others where the 
tantalum content is limited; Committee 
A-10 has appointed a special committee 
to deal with the materials in its particular 
field; Committee D-19 is determining 
the concentration of some of the long- 
life isotopes in industrial waste water; a 
paper was presented at the recent 
meeting of Committee C-8 on some of the 
problems associated with refractories; 
Committee C-21 on Ceramic Whitewares 
has organized a section in this field under 
their Research Subcommittee; Com- 
mittee D-20 on Plastics has established 
a group to study the effect of radiation 
on plastics. Committee E-7 on Non- 
Destructive Testing is very much 
interested in a proposed Symposium on 
Non-Destructive Testing in the Nuclear 
Energy Field; and, of course, Committee 
E-10 on Radioactive Isotopes is in- 
terested as indicated by the revised title 
and scope set forth below as approved 
by the Board. 


Proposed Title: Committee E-10 on Radio- 
isotopes and Radiation Effects. 

Proposed Scope: To promote the knowl- 
edge of the use of radioisotopes in materials 
testing and the investigation of the changes 
in the properties and constitution of mate- 
rials as a function of exposure to radiation 
by: 

1. Aiding and advising the technical com- 
mittees of the Society in the prepara- 
tion of methods and development of 

instruments of testing. 
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. Preparing methods of testing not com- 
ing within the scope of other technical 
committees. 

. Standardizing the nomenclature and 
definitions used in or relating to testing 
methods or instruments in cooperation 
with other committees. 

4. Performing such other functions as 

may advance, improve, standardize, 

and unify the procedures of materials 
testing in the fields of radioisotopes 
and radiation effects. 


From the above, it will be seen that 
Committee E-10 is prepared to advise the 
other committees and help in areas 
where the existing technical groups may 
need such assistance, but it is expected 
that the current committees will handle 
their full responsibilities as they have 
done when other problems concerning 
their field have arisen. 

The personnel of the Special Ad- 
ministrative Committee on Nuclear 
Problems is as follows: 


N. L. Mochel (chairman), Westinghouse Electric 
Corp. 

G. D. Calkins, Battelle Memorial Inst. 

C. L. Clarke, Timken Roller Bearing Co. 

M. A. Cordovi, Babcock & Wilcox Co. 

G. M. Kline, National Bureau of Standards 

F. L. LaQue, International Nickel Co. 

F. C. Linn, General Electric Co. 

J. C. Robinson, Atomic Energy Commission 
(now General Electric Co.) 

C. C. Woolsey, North American Aviation Co. 

J. R. Townsend, Sandia Corp. 

H. A. Wagner, Detroit Edison Co. 


In activities of this kind it is always 
important to have available in useful 
form the latest information and it is of 
direct interest that an extensive sym- 
posium with at least two sessions will be 
held during the Society’s second Pacific 
Area National Meeting, on September 
20. Under the joint auspices of Com- 
mittee E-10 and the Materials Com- 
mittee of the Atomic Industrial Forum, 
a dozen papers will be presented sum- 
marizing and providing best information 
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on radiation effects on materials. At the 
same time there will be another extensive 
symposium on radioactive isotopes. _ 


Microchemical Apparatus: 


A new Subcommittee on Microchemi- 
cal Apparatus has been organized to 
function as a part of Committee E-1 
on Methods of Testing to carry on the 
standardization activities formerly han- 
dled in a Division of the American Chemi- 
cal Society. The transfer of this activity 
to the ASTM is the result of action taken 
by the ACS to discontinue standardiza- 
tion activities, except on the subject of 
reagents, and to transfer such projects 
to groups organized for this purpose such 
as the ASTM. 

The personnel of this group and other 
information on its activities were given 
in the February issue of the ASTM 
BULLETIN. 

This apparatus is very specialized in 
design and in size and for this reason 
there is little likelihood of overlap with 
other E-1 work dealing with apparatus, 
but in any case there is suitable cross 
representation in membership. 

The Society is pleased to sponsor the 
standards work of this important group 
which is vital to many branches of 
industry. Meanwhile the corresponding 
ACS committee will continue its other 
activities. 


Under Consideration 


Independent discussions under way or 
in the technical committees, some of 
which have been noted by the Board of 
Directors, eventually may lead to ad- 
ditional formal standardization or re- 
search projects. Notes on a few of these 
follow: 


Manganese Dioxide: 


A request from a group working on test 
methods and requirements for manganese 
dioxide of battery grade that ASTM set 
up a new committee, is being explored. 


asi 
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Contacts are being made with another 
association interested in this activity. 


Cermets: 


Several technical committees are con- 
cerned with the materials known as 
cermets. Committee C-21 on Ceramic 
Whitewares has been considering a 
definition and Committee B-9 on Metal 
Powders and Metal Powder Products is 
also following this subject. Committee 
C-22 on Porcelain Enamel and the Joint 
Committee on Effect of Temperature on 
the Properties of Metals have a vital 
interest. A conference may be called to 
recommend specific responsibility for 
these materials. The Board of Directors 
is following this work closely, being 
cognizant that ASTM should take a 
leading role in its development. 
Flexible Barriers: 

Growing interest in flexible barriers 
and packaging materials led to a review 
of this proposed activity in ASTM 
Committee D-10 on Shipping Con- 
tainers. Meanwhile the National Flexible 
Packaging Assn. has indicated interest 
in having ASTM become active in this 
field. Further discussions are to be held 
with Committee D-10 which has one 
subcommittee concerned with interior 
packing. 


Committee Titles, Scopes, 
and Jurisdiction 


Two technical committees have had 
their titles changed, as follows: 

The title of Committee C-21 will now 
read ‘“‘Ceramic Whitewares and Related 
Products.” A corresponding change is 
being made in the Scope of the Com- 
mittee. 

Committee E-10 on Radioactive Iso- 
topes will now operate under the title 
“Radioisotopes and Radiation Effects.” 
Reference is made to the work of this 
committee in a preceding paragraph 
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discussing materials used in nuclear 
energy work. 

The following committees have pre- 
pared revised scopes which have been 
approved by the Board: 


Committee D-9 on Electrical Insulating 
Materials: 


Considering developments in the field 
of electrical insulating materials it has 
seemed wise to revise the scope of Com- 
mittee D-9 from its present form, 
namely, 


Development of methods of sampling and 
testing, and formulation of specifications for 
electrical insulating m. cerials, including re- 
search concerning the properties of such 
materials and products, 


to read as follows: 


Scope-—(1) Development of methods of 
sampling and testing, and formulation of 
specifications for electrical insulating ma- 
terials, comprising materials designed as elec- 
trical insulation and those grades of other 
dielectric materials designed with controlled 
dielectric, piezoelectric, or magnetostrictive 
properties; 

(2) Research, comprising studies of funda- 
mental properties and application problems, 
on electrical insulating materials. 


It had been proposed that responsi- 
bility for review of tests and specifica- 
tions for dielectric materials as prepared 
by other committees would be stated, 
but because any technical committee of 
the Society may review specifications 
and tests in which it has an interest, this 
particular statement was considered un- 
necessary and was not included since it 
might have been construed as implying 
that Committee D-9 was assigned full 
jurisdiction. 

Committee D-11 on Rubber and Rubber- 

Like Materials: 


Because of its interest in reference 
standards and compounding ingredients, 


ni- 
| 
he 
n- ay 
1i- 
ty 
en 
of 
ts 
er 
en 
M 
in 
yn 
th 
iS, 
1€ 
Ip 
of 
ag 
or 
of 
of 
1- 
se 
1. 
| 


66 ANNUAL REPORT OF BOARD OF DIRECTORS 


Committee D-11 requested that its scope 
be expanded to read as follows by the 
addition of the words in italics: 


Scope.—Formulation of specifications, 
methods of test and definitions of terms per- 
@. 
taining to rubber and rubber-like materials, 
the compounding ingredients as used therein 
and the products therefrom, including re- 
search concerning the properties of such 
materials and products. 


This scope was reviewed by those con- 
cerned with the new Committee on 
Carbon Black referred to earlier and it is 
felt that there is no conflict of interest. 


Concrete Drain Tile 


Problems in handling standards re- 
quirements for concrete drain tile, 
together with strong recommendations 
from those concerned with these ma- 
terials led to reassignment of responsi- 
bility to Committee C-13 on Concrete 
Pipe. Formerly clay and concrete drain 
tile were handled in Committee C-15 on 
Manufactured Masonry Units, which 
had responsibility for the single Standard 
Specification C-4 covering both ma- 
terials. Clay materials will continue to be 
the responsibility of Committee C-15. 
The two committees have been asked by 
the Board to recommend the best means 
of coordination. 


District and Related Activities 


Thirty local ASTM meetings were held 
during the past year, including 24 district 
meetings and 6 meetings held in areas 
not currently incorporated in any formal 
district. New areas covered included Salt 
Lake City, Vancouver, and New Orleans. 
President C. H. Fellows presented his 
district address ‘“‘Research in the Electric 
Power Industry (Generation—Trans- 
mission—Distribution)” fifteen times. 
Although a number of meetings were 
sponsored solely by ASTM groups, the 
majority were cosponsored with other 
societies such as AIEE, ASME, ASM, 
ACS, AIChE ard the Western Society 
of Engineers. 

Dr. Fritz V. Lenel, 1955 Gillett 
Memorial Lecturer, presented an 
abridged version of his lecture on 
“Powder Metallurgy—Now” in Chicago, 
St. Louis, Los Angeles, San Francisco, 
and Dallas. 

Several of the districts have taken 
interesting approaches to the problem of 
developing technical programs. The New 
England District has for the past several 
years held its Spring Meeting at one of 


the colleges or universities in the area, 


usually preceded by a tour of the 
engineering facilities in the afternoon. 
The New York District is trying the idea 
of having a particular company sponsor 
a program such as the January 11 meet- 
ing “A Night With Bell Telephone 
Laboratories.” 

The Philadelphia District acted as the 
host for the 1955 Annual Meeting, 
sponsoring the ladies entertainment and 
underwriting the entertainment which 
followed the annual dinner. This same 
group has also agreed to take on a similar 
responsibility for this year’s meeting. 

In addition to sponsoring technical 
sessions, arranging for Annual Meeting 
and Spring Meeting dinners and enter- 
tainment, various districts have been 
active in sponsoring student membership 
prize awards, participating in such 
activities as science fairs and_ local 
engineering councils, and cooperating 
with the Society’s Advisory Committee 
on Corrosion. 

The Administrative Committee on 
District Activities held a meeting during 
the 1955 Annual Meeting and sponsored 
a breakfast meeting to which district 
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council officers were invited. These 
meetings have been helpful, serving as an 
excellent means for interchange of infor- 
mation and ideas for promotion of the 


Society and its activities. 


The accompanying table does not list 


ANNUAL REPORT OF BOARD OF DIRECTORS 


the details of the local meetings, all of 
which were described in the ASTM 
BULLETIN but it does give the locations 
and meeting dates. 

There is considerable interest in the 
establishment of a separate district in 
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Annual Meeting: 
1955 Annual Meeting 
Committee Week and Spring Meeting: 


1956 Committee Week and Spring 
Meeting 


District or Special Local Meetings: 


Chicago District 

St. Louis District (jointly with Engrs. 
Club and ASM) 

New England District 

Southern California District (jointly 
with ASM) 

Pittsburgh District 

Northern California District (jointly 
with ASME) 

Southwest District (jointly with ASM) 

Ohio Valley District (jointly with 
AIEE) 

Philadelphia District 
ASQC) 

New York District (jointly with AIEE) 

St. Louis District (jointly with Mo. 
Society of Prof. Engrs) 

Washington, D. C. District (jointly 
with Baltimore Engrs. Club) 

Philadelphia District 

Western New York-Ontario District 

Southwest District 

Southwest District (jointly with AIEE 
branch groups) 

Southern California District (jointly 
with ASME) 

Nothern California District (jointly 
with AIEE) 

Salt Lake City, Utah (jointly with 
ASME) 

Richland, Wash. (jointly with ASM, 
ACS, AIChE, ISA, AIEE) 

Spokane, Wash. (jointly with ACS, 
AIEE, ASME, ASCE, AIME, 
Washington Society of Professional 
Engineers, Spokane Technical Pro- 
fessional Council) 

Portland, Wash. (jointly with ASM) 

Vancouver, B. C. (jointly with CIC, 
NACE) 

Chicago District 

Cleveland District 

New York District 

Detroit District 

Pittsburgh District 

New England District (with Univ. of 

Mass.) 


(jointly with 


June 26-July 1, 1955 


February 27-March 2, 
1956 


October 12, 1955 
October 13, 1955 


October 27, 1955 
October 27, 1955 


October 27, 1955 
October 28, 1955 


November 3, 1955 
November 17, 1955 


November 18, .1955 


January 11, 1956 
January 24, 1956 


January 27, 1956 
February 10, 1956 
February 28, 1956 
March 1, 1956 
March 5, 1956 
March 8, 1956 
March 13, 1956 
March 19, 1956 
March 22, 1956 


March 23, 1956 


March 27, 1956 
March 29, 1956 


April 11, 1956 
April 12, 1956 
April 17, 1956 
April 25, 1956 
April 26, 1956 
May 4, 1956 


Atlantic City, N. J. 


Buffalo, N. Y. 


Chicago, Il. 
St. Louis, Mo. 


Cambridge, Mass. 
Los Angeles, Calif. 


Pittsburgh, Pa. 
San Francisco, Calif. 


Dallas, Tex. 
Cincinnati, Ohio 


Philadelphia, Pa. 


New York, N. Y. 
St. Louis, Mo. 


Baltimore, Md. 
Philadelphia, Pa. 
Buffalo, N. Y. 
New Orleans, La. 
Houston, Tex. 


Los Angeles, Calif. 
San Francisco, Calif. 
Salt Lake City, Utah 
Richland, Wash. 
Spokane, Wash. 


Portland, Wash. 
Vancouver, B. C. 


Chicago, IIl. 
Cleveland, Ohio 
New York, N. Y. 
Detroit, Mich. 
Pittsburgh, Pa. 
Amherst, Mase. 
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the southeastern part of the United 


Annual Meeting 


A figure which is ever astounding is 
the number of committee meetings held 
during an annual meeting of the Society. 
During the 58th Annual Meeting in 
Atlantic City, June 26-July 1, at 
Chalfonte-Haddon Hall, there were over 
700 meetings of the Society’s committees, 
frequently sixty of these running simul- 
taneously. Attendance at this Annual 
Meeting was 2537, not including 234 
ladies. It was necessary to hold 32 
technical sessions for the presentation of 
the 93 papers and 66 reports. Features of 
the meeting were covered in the July, 
1955 ASTM Buttetin. The Philadelphia 
District again acted as gracious hosts, 
providing a fine program of entertain- 
ment for the ladies and sponsoring the 
annual dinner. This group is again 
handling these features at the 1956 
meeting. 

Since this was the last meeting prior 
to the issuance of the triennial Book of 
Standards, there were a large number of 
actions on standards and tentatives as 
detailed in the committee reports and 
summarized in the BULLETIN and in the 
report of the Administrative Committee 
on Standards. 


1956 Committee Week and 
Spring Meeting 


The 1956 Committee Week was held 
somewhat later than usual to avoid as 
much winter weather as possible in the 
Western New York area. Buffalo was 
the city and the meetings from February 
27—March 2 were very successful. There 
were some 350 meetings of committees 


and a notable Symposium Electro- 
deposited Metallic Coatings sored 
by Committee B-8). The \\c «xn New 


York-Ontario District sponsored a social 
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made to accomplish this end in the next 


States, and undoubtedly efforts will be year or two. 


National Meetings 


hour and dinner in honor of the President 
on Tuesday, February 28. There was an 
interesting talk on Sports Car Racing 
with motion pictures. Total registered 
attendance for the week was 1294. 


Second Pacific Area National Meeting 


What promises to be the Society’s 
most extensive technical meeting is 
scheduled for Los Angeles throughout the 
week beginning September 16. This is the 
second national West Coast meeting, the 
first was held in October, 1949, in 
San Francisco. 

Some 250 technical papers comprising 
about 45 technical sessions will be the 
main feature. Subjects of intense current 
concern in the field of materials will be 
covered. Full details are being furnished 
all members and committee members and 
others interested in a special brochure to 
be mailed early in June. 

Seven special Industry Luncheons and 
a President’s National Luncheon have 
been scheduled. There is a most interest- 
ing entertainment program for the ladies. 
All sessions and luncheons wiil be at the 
Hotel Statler, well equipped for a meet- 
ing of this kind. 

That a meeting of this scope should 
develop indicates, first of all, the 
intense concern with growing problems 
in the field of materials, radioactive 
isotopes, materials for nuclear energy 
applications, non-destructive testing, and 
many others; but it is a reflection, too, of 
the enthusiasm with which our technical 
committees planned and arranged many 
of the symposiums and sessions. How- 
ever, the extent of the meeting is due 
particularly to the intense interest and 
the hard work and enthusiasm of the 
many West Coast members, especially in 
the Los Angeles area, who look upon this 
meeting somewhat as a challenge to 
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insure that the Society and its work is 
brought forcibly to the attention of the 
West. Further details of the meeting are 
being given in the ASTM Bvutteti, 
but the advance brochure will portray 
the great scope of the features. 

The papers for the meeting are not 
being preprinted but are being duplicated 
in quantity for distribution to those who 
register at the meeting. It is expected 
that papers in most of the sessions and 
symposiums will be published in special 
pamphlet form following the meeting. 
The members will be kept fully informed 
concerning these plans. 


On May 1, 1956, the membership of 
the Society totaled 8323, compared with 
a total of 7911 one year ago. Gains and 
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Future Meetings 


Annual Meetings of the Society have 
been scheduled as follows: June 17-22, 
1956; June 16-21, 1957—Atlantic City, 
N. J.; June 22-27, 1958—Boston, Mass.; 
June 21-26, 1959, June 26-July 1, 1960 
—Atlantic City, N. J. 

Committee Week and Spring Meet- 
ings: February 4-8, 1957, Philadelphia, 
Pa.; February 9-14, 1958, St. Louis, Mo.; 
February 2-7, 1959, Pittsburgh, Pa.; 
February 1-5, 1960, Chicago, III; 
January 29-February 3, 1961, Cincin- 
nati, Ohio. 


nations, and more members dropped for 
nonpayment of dues. The net gain of 317, 
however, was higher than in any previous 


losses in various classes of membership year except 1945 and 1946, the best 
are shown in the following table: years. 
| Membership | Losses Additions Total 
of | | 
whembersnip | May 1, | 1,| Resig- | Dro | Trans- | Trans- | Elec- . In- 
955 1956 aa ~~ 9 Death | fer fer | tion Loss | Gain crease 
Honorary. 21 | 22 4 3 4 1 
Perpetuity and Life. 11 | 13 2 2 2 
Sustaining. . 345 375 2 1 1 27 7 4 34 30 
Company, Fina, | | 
"| 1797 | 1859 | 38 | 16 bt 29 9 136 83 145 62 
Individual, ‘ete.. -| 5652 | 5919 | 233 98 | 51 14 7 656 396 663 267 
Associate (formerly | | 
85 | 135 5 70 20 70 50 
eine aperig 7911 | 8323 | 276 | 127 | 54 49 49 | 869 | 506 | 918 | 412 
454 | | 22 | 28 | 1 | 27 | | 334 | 258 | 334 76 


It is interesting to compare our pres- 
ent membership of 8323 with the figures 
for ten and twenty years ago; in 1946 
our total.membership was 5993, and in 
1936 it was 3741. 

Concerning the calendar year 1955, 
the number of new members was higher 
than any previous year, totaling 775. The 
previous nine years ranged from 602 to 
686. However, losses were considerably 
higher due to more deaths, higher resig- 


The year was marked, too, by large 
increase in the number of sustaining 
members which rose from 275 on January 
1, 1955 to 359 on December 31. 


Associate Membership: 


It is too early to assess the significance 
of a major change in our structure during 
the year, namely, dropping “Junior” 
mempership and creating the new “‘Asso- 
ciate” class which extends to 30 years of 


age. Considerable promotional work has 
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been done, and will continue, to make 
this more widely known, particularly in 
the engineering faculties. We are having 
good cooperation from professors in 
many of the leading schools. One of our 
objectives here was to attract younger 
engineering faculty members. 


Sustaining Members: 


There have been 33 new sustaining 
members in the period from May, 1955 
to May, 1956, two resignations, and one 
sustaining member transferred to com- 
pany class. The new sustaining members 
are: 


Ansul Chemical Co. 

Atlantic Coast Line Railroad Co. 
Automatic Electric Co. 
and Son, Inc. 

Cameron Iron Works, Inc. 
Canadian Westinghouse Co., Ltd. 
_ Cities Service Petroleum, Inc. 
Climax Molybdenum Co. 
Cluett, Peabody and Co., Inc. 
Coors Porcelain Co. 
DeLaval Steam Turbine Co. 
Driver, Wilbur B., Co. 
_ Erie Forge and Steel Corp. 
Fairbanks Co., The 
Fels and Co. 
Ferguson Co., H. K. 

Freed Transformer Co. 

Harbison-Walker Refractories Co. 
Interlectric Corp. 

Kollsman Instrument Corp. 

Longhorn Portland Cement Co. 

McDonnell Aircraft Corp. 

Metal! and Thermit Corp. 

_ Mycalex Corporation of America 

National Portland Cement Co. 

- Ohio-Apex, Division of Food Machinery and 
Chemical Corp. 

Ohio Edison Co. 

Peerless Cement Corp. 

_ Pennsylvania Forge Corp. 

_ Pennsylvania Power and Light Co. 

Plastic Metals Division, National-U. S. 

Radiator Corp. 

St. Louis-San Francisco Railway Co. 
Stromberg-Carlson Co. 


50-Year Members: 


There are two individuals and eleven 


organizations as noted below that have 
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been connected with the Society con- 
tinuously for 50 years, having joined in 
1900: 


Charles E. Fuller 
Earl B. Smith 


American Bureau of Shipping 

American Steel Foundries 

The Anaconda Co. 

Cornell University Library 

The Iron Age 

Norfolk & Western Railway Co. 
Pittsburgh P!ate Glass Co., Paint Division 
Southern Pacific Co. 

United States Testing Co., Inc. 
University of Kansas Library 

University of Melbourne Library 


These members will be recognized at 
the Annual Meeting. 


40-Year Members: 


There are 38 members who this year 
have completed 40 years of membership, 
bringing the total number of certificates 
issued to the “Forty-Year Club” to 352. 
The members who will receive the 40- 
Year Certificates at this Annual Meet- 
ing are as follows: 


American Chain and Cable Co., Inc. 

American Concrete Pipe Assn. 

The American Institute of Architects, Cin 
cinnati Chapter 

American Manganese Bronze Co. 

The American Metal Co., Ltd. 

American Pipe and Construction Co. 

Arthur O. Austin 

Boston & Maine Railroad 

Sumner E. Campbell 

Canadian General Electric Ltd. 

The Consolidated Mining and Smelting Co 
of Canada, Ltd. 

Continental Foundry and Machine Co. 

The Detroit Edison Co. 

Duquesne Slag Products Co. 

Lewis A. Eisenhard 

The Firestone Tire and Rubber Co. 

Arthur Percy Morris Fleming 

Roy M.Green 

Herman A. Holz 

Hudson Wire Co. 

International Smelting and Refining Co., 
Raritan Copper Works 
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Frank H. Jackson ‘ 

The Kerite Co. 

Narragansett Electric Co. 

The Ohio Brass Co., Barberton Division 

Ontario Department of Highways 

Pennsylvania Forge Co. 

City of Philadelphia, Department of Wharves, 
Docks and Ferries 

Portland Cement Assn. 

City of Portland, Department of Public 
Works 

John McE. Sanderson 

Socony Mobil Oil Co., Inc. 

Jerome Strauss 

Texas Agricultural and Mechanical College, 
Civil Engineering Dept. 

United States Steel Supply Division, United 
States Steel Corp. 

Wylie B. Wendt 


Deaths: 


The Society has lost the following 54 
members through death (figures in 
parenthesis are dates of membership): 


Amberg, Charles R. (1944) 

Anson, I. Arthur (1948) 

Bagsar, Aaron B. (1923) 

Bass, Frank L. (1949) 7 

Bateman, Frederick W. (1903) 

Cochenour, George E., Jr. (1943) 

Condron, Theodore L. (1900) 

Cowéll, Paul John (1948) 

Crawford, C. H. (1914) 

Cummings, A. E. (1936) 

*Curtis, Harvey L. (1923) 

Dixon, Enslo Smith (1925) 

Dow, Allan W. (1898) - 

Duchacek, Charles F. (1941) ‘ 

Dunwoody, G. C. (1953) 

Egloff, Gustav (1926) 

Fahy, Frank P. (1917) 

Flood, Walter H. (1915) ~ 

French, Herbert J. (1938) 

*Harvey, Dean (1913) 

Hollinger, E. R. (1948) 

Jones, John Clifford (1937) 

Jones, Valens (1948) 

*Lester, H. H. (1936) 

Libbey, Valentine B. (1937) 

Loos, C. E. (1940) f 

Lynam, Charles (1927) 

Mapes, Fred S. (1951) 

Meyers, A. M. (1938) 
* Honorary Member. 


Miessner, Harmon S. (1939) 
Mooney, Thomas J. (1948) 
Morris, Arthur D. (1950) 
Naegely, William H. (1927) 
Nichols, M. F. (1939) 
Noyes, R. A. (1952) 
Pafenbach, A. Roy (1946) 
Payne, Frank E. (1944) 
Powers, Henry R. (1916) 
Reed, Harry S. (1940) 
Rogers, P. C. (1936) 
Sheard, Harry J. (1946) 
Shilstone, Herbert M. (1922) 
Smith, Don W. (1948) 
Smith, Frank C. (1947) 
Styri, Haakon (1920) 
Swain, Stephen M. (1940) 
Sweeney, Edmond L. (1946) 
Von Hambach, E. (1923) 
Walsh, L. C. (1944) 
Webeck, Russell C. (1946) 
Weiller, P. G. (1945) 
Widemann, R. V. (1948) 
Witsberger, Clarence J. (1948) 
Wood, Alan, 3d (1908) 


In addition to the above, the follow- 
ing representatives of company members 
of the Society passed away: 


G. Worthen Agee, Barrow-Agee Laboratories, 
Inc. 

James W. Ames, W. Ames and Co. 

Russell Anderson, Belle City Malleable Iron Co. 

John Henry Bateman, Louisiana State Uni- 
versity 

W. F. Carter, Acme Steel Co. 

I. Chesler, Eagle Pencil Co., Inc. 

A. E. Chester, Promat Division, Poor and Co 

Raymond Deutsch, Monarch Alumina Manu- 
facturing Co. 

Grant J. Durant, Froehling & Robertson, Inc. 

Guy C. Hecker, American Transit Assn. 

James H. Holden, Pittsburgh Testing Labora- 
tory 

C. M. Houck, Pittsburgh Testing Laboratory 

G. A. Lilliequist, American Steel Foundries 

C. H. Masland, IT, C. H. Masland and Sons 

Cornelic Miechielsen, Técnica Industrial, S. A. 

E. J. Morgan, Gilman Paper Co. 

J. C. Morris, Oak Ridge National Laboratory 

R. H. Patch, E. F. Houghton and Co. 

3eauford H. Reeves, Rockbestos Products Corp. 

C. C. Rose, Willard Storage Battery Co. 

Ferdinand Schurman, Fish-Schurman Corp. — 


A number of these men had been 
affiliated with the Society for many 
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years and rendered outstanding services, 
particularly through work on the tech- 
nical committees. The various issues of 
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the ASTM Bu ttetin have included ap- 
propriate notices and appreciation of 


their work. 


Honors and Awards 


In order to allow sufficient time for 
the actual publication of all papers to be 
reviewed by the various award com- 
mittees, it was agreed to allow two years 
to elapse between the presentation of 
papers and the conferring of awards 
therefor. Accordingly, because of the 
transition period, there will be no Dudley 
Medal, Richard L. Templin, Sam Tour, 
Sanford E. Thompson or C. H. Hogen- 
togler Awards presented at this Annual 
Meeting. Starting with the 1957 Annual 
Meeting these awards will again be on an 
annual basis. 

Recipients of other honors to be given 
at the 1956 Annual Meeting are indi- 
cated below: 


Award of Merit: 


L. D. Betz 

H. A. Bright © 

Simon Collier 

W. L. Fink 

H. F. Gonnerman 

B. W. Gonser 

Fred Hubbard 

R. P. Koehring 

V. T. Malcolm 
J. W McBurney 
H. R. Wolf 


Max Hecht Award (industrial water: 
sponsored by Committee D-19): 


A. A. Berk, Chief, Industrial Water 
Laboratory, Eastern Experiment Sta- 
tion, Bureau of Mines, College Park, Md. 


The Harold DeWitt Smith Memorial 
Medal (textiles) was presented to- 
Arthur G. Scroggie, Manager, Char- 
acterization Laboratory, Textile Re- 
search Lab., E. I. du Pont de Nemours 
and Co., Inc., at the Spring Meeting of 
Committee D-13. 


‘Presentation of Papers: 


As a means of improving presentations 
of papers at the Annual Meeting, a trial 
system of rating the presentations has 


been in effect for the past several years. 


On the recommendation of the Adminis- 
trative Committee on Papers and Pub- 
lications, the Board has agreed to con- 
tinue these ratings on a formal basis, 
and the persons receiving the three 
highest ratings for outstanding presen- 
tations will be given recognition by a 
letter from the President and in the 
ASTM BULLETIN. 


Finances 


Report for 1955: 


Full details of the fiscal operations of 
the Society for 1955 are included in the 
report of the auditors appearing in 
Appendix I. 


Operating Receipts: 


Our expectations that 1955 would be a 
good year income-wise were more than 


realized. The estimated receipts of 
$732,000 actually developed to be 
$851,803. Of this amount, receipts from 
dues and entrance fees were $252,072 or 
29.6 per cent; receipts from sales of 
publications were $521,496 or 61.2 per 
cent; and receipts from miscellaneous 
sources consisting principally of ad- 
vertising, income from investments, and 
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registration fees totaled $78,235 or 9.2 
per cent. 

It will be noted that receipts from 
membership fees are again under 30 per 
cent of the total for the third consecutive 
year. 


Operating Disbursements: 


Total disbursements were $851,350 
which included $100,000 for the 1955 
Book of Standards. This sum, together 
with $120,000 earmarked in previous 
years, is the reserve that enables us to 
cover the cost of this seven-part book. 
We build up a reserve over a three year 
period. 

A total of $349,962 was spent for pub- 
lications, which compares with $337,500 
for the previous year. Expenditures for 
salaries, which included extra summer 
help and considerable overtime, reached 
$305,136. This figure represents 35.8 
per cent of total disbursements. Cost of 
employee benefits, including a new 
major medical policy and covering new 
participants in the retirement plan, 
totaled $32,855 which represents 10.8 
per cent of salary expenditures. 


Balance Sheet: 


On December 10 our total assets in 
General Fund were $736,154 compared 
to $683,646 a year ago. In all funds, 
General, Building, Medal, etc., total 
assets were $1,344,743 compared with 
$1,253,398 a year ago. It should be 
pointed out that in the Balance Sheet no 
account has been taken of the assets of 
the Society in the form of publications 
in stock. This is consistent with many 
years’ practice in this respect and, of 
course, results in a more conservative 
statement. An inventory of the princi- 
pal technical publications as of May 1, 
1956, is summarized below: 


Proceedings (All back copies from 
1954) 


1955 Book of ASTM Standards 


Special Compilations of Standards.... 21 298 
Selected Standards for Students...... 5 857 
Symposiums and Special Reprints.... 133 120 
Reprints of Standards (Approx.)..... 235 000 
Radiographic Standards for Steel 
Radiographic Standards for Aluminum 
33 


Not included in inventory: 


(1) Viscosity Temperature Charts; Harden- 
ability Charts and Petroleum Charts 
(2) Knock Test Manual and Supplement 


(3) Marburg Lectures 

(4) Cotton Yarn Boards i 

The principal transaction affecting our 
Building Fund in 1955 was the sale of a 
portion of our lot on Cherry Street for 
about $15,000. 

Assets in the Building Fund, which 
include the current Race St. Head- 
quarters, the Cherry St. property, and 
the balance of the lot immediately 
adjoining this, total $306,927. 

As liabilities, the Balance Sheet shows 
all contributions from members and 
from other ASTM funds, accumulated 
income, interest, proceeds from the lot 
sales in excess of the cost, and the loan 
from ASTM General Funds which 
enabled the procurement of the Cherry 
St. property. This amounted to $54,700 
as of December 10, 1955. It is being 
amortized in the amount of $8700 yearly 
and should be wiped out accordingly in 


about 6 years. 


During the year, an important operat- 


Building Fund: 


Investments: 


ing change was made in the handling of _ 
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our investments through the creation of 
an over-all Investment. Fund. To this 
were transferred on June 1, 1955, in- 
vestments held by the various operating 
funds such as General, Building, Re- 
search, etc., with each of these operating 
funds owning a share of the Investment 
Fund in direct ratio to the securities and 
cash transferred. Each operating fund, 
therefore, will benefit to the extent that 
the over-all Investment Fund earns 
dividends and interest which are then 
prorated. 

As of December 10, 1955, the book 
value or cost of the securities in the 
fund totaled $547,328; the market value 
was $732,640. 

The total income for the Investment 
Fund holdings in 1955 was $27,432. 

The following changes in investments 
during the calendar year 1955 are listed 
as a matter of record: 


GENERAL FUNDS 


Bought Cost 


Bonds 
$600 Amer. Tel. & Tel.................... 


Common Stocks 


100 sh. Acme Steel Corp... $3 
100 sh. American Bakeries.... 3 
100 sh. American Can Co. ... , 3 
50 sh. American Cyanamid Ca..... 2 
150 sh. American Stores Co.... 7 608 
2 
J 
1 
1 
1 
2 
5 
3 


75 sh. Canadian Pacific Railway 
45 sh. Climax Molybdenum....... 
25 sh. Crown Zellerbach : 
50 sh. Delaware Power & Light Co... 

. Florida Power & Light....... 
50 sh. General Electric Co.............. 
75 sh. General Mills, Inc... 
10 sh. General Motors (with script)..... 
80 sh. Houston Lighting & Power..... 


25 sh. International Nickel Co. of 


100 sh. Kennecott Copper............... 0 660.37 
50 sh. & Nashville Rail- 

100 sh. Mohawk Power......... 3 395.75 

50 sh. Phila Electric Co.............. 1 969.19 

50 sh. Standard Oil Co. of New Je 

sey 5 690.87 

25 sh. Swift and Co. . 1 291.17 

25 sh. Vick Chemical Co......... .. 1 398.37 

175 sh. Electric Corp. 11 753.54 


100 sh. Sears Roebuck & Co., Split 3 for 1 

50 sh. Republic Steel Ge. i, 2 for 1 

100 sh. Ohio Oil Corp., Split 2 

25 sh. B. F. Goodrich Co., Split 2 for 1 

75 sh. poneens Telephone Co., 50% stock dividend 
3 sh. Dow Chemical Co., Dividend 
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Mutual Funds 
108 sh. Eaton Howard Balanced Fund $2 048.76 
73 sh. Fundamental Investors 946.08 
170.3 sh. Commonwealth Investment Co. 1 444.63 


283 sh. Broad Street Investment Co., 50% stock 
dividend 
2 573 sh. Eaton Howard Balanced Fund, Split 2 for 1 
1 011 sh. Fundamental Investing Co., Split 2 for 1 


Total Bonds and 88 849.73 
Total Mutual Funds. 4 439.47 
Sold Gain or 
Loss (—) 
Bonds 

$5 000 Bond Walworth Co., 84%.. —1 252.11 

6 000 Bond —_ & Ohio RR, Series 6G, 
+275.00 

500 Bond Balto. Ohio RR, ‘Series 
—50.00 


7 500 Bond ug Bonds (matured) 
1 000 Bond U. S. Treasury 274 % 1960-55 (matured) 


Stock 


75 Aluminum Co. of Amasien, 112}4.. +5 633.58 
1 Consumers Power Co., +7.07 

100 Gulf Oil Co 
50 Chicago Roc 
105%... 


“Islan, pfd. (called), 
+842.48 


During the early months of 1956, no 


‘major purchases were made for the 
Investment Fund, but the following list 
involving bonds called or receipt of stock 


dividends or using purchase options will 
bring up to date changes in the Invest- 

ment Fund. 


$1 =. Baltimore & Ohio ‘‘M”’ called March 1, 1956 
sh. Allegheny Ludlum pfd $4.375 converted to 

$2 sh. Allegheny Ludlum—Common 

62 sh. Allegheny Ludlum—split 2 for 1 

115 sh. - enter Steel—split 2 for 1 
=e from 96/100th share and 
102 sh. Sears Roebuck and Co. —— A for 1, plus 1 

per cent dividend and $17 

135.533 sh. Commonwealth Inv Ate Dividend 


122 sh. Eaton Howard Balanced Fund 
81 sh. Fundamental Investors a 


1956 Budget 


| 


1956 is the year when we ¢ expect very 
heavy returns from the sale of the new 
Book of Standards. From the accom- 
panying table entitled “Budget Sum- 
mary” it will be seen that our total 
income is expected to reach $967,500, 
of which 62.3 per cent, or $604,000, will 
come from distribution of publications. 
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1956 Bupcet SuMMARY 
Estimated Receipts 


Per 
cent 
Dues and Entrance Fees... .| $256 000 | 26.5 
Peepeatiome......5....6.. 604 000 | 62.3 
Miscellaneous............. 107 500 | 11.2 

Totat CurRRENT ReE- 

Estimated Disbursements 
Publications. ............. $359 000 | 38.4 
327 000 | 35.0 
General Office Expenses... . 93 000 | 10.0 

Technical Committee Ex- 

Headquarters Occupancy 

Retirement, Health........ 38 000 4.0 
Miscellaneous Expenses... . 23 000 2.5 

OperaTiInG Dis- 

BURSEMENTS.......... $933 500 
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Unusual expenses are coming up, 
including provisions for the West 
Coast meeting, but the Finance Com- 
mittee is hopeful that the total will not 
exceed $933,500, leaving a modest 
$34,000 favorable balance. 


Invesiment Counsel: 


In the operation of the Investment 
Fund, the Finance Committee, which 
includes the three past Presidents on the 
Board, together with three other Direc- 
tors concerned with investments, has had 
the advice of a small Investment Ad- 
visory Council. However, with increasing 
problems and uncertainties it has been 
felt desirable also to retain professional 
counsel and the firm of Loomis, Sayles & 
Co., Inc., has been engaged for one year. 


=> 
Administrative Matters 


Revised Regulations Governing Board of 
Directors: 


During the past year, several revisions 
were made in the regulations governing 
the Board of Directors to bring them up 
to date and to simplify some of the 
operations. As the Society’s work has 
grown, there has been an accompanying 
additional load, for example, on the 
Finance Committee Chairman, and the 
Subcommittees of the Board have more 
problems to review. 

Provisions that were modified include 
the appointment of subcommittees of the 
Board, the opening of checking and 
saving funds accounts, and the payment 
of bills. One change here eases the burden 
on the Finance Committee chairman of 
approving vouchers. Now none over $200 
are submitted, but all bills continue to 
be listed on a summary schedule which he 
approves. 


Copies of the revised regulations will 
be sent to any member on request. 
Beginning with 1955, they were not 
published in the Year Book to aid in 
curtailing the size of the publication. 


Headquarters Staff: 


During the year, as announced in the 
BULLETIN, two members of the Staff who 
had been serving as Assistant Technical 
Secretaries were designated Senior As- 
sistant Technical Secretaries, namely, 
Messrs. L. C. Gilbert and J. W. Caum. 
Among Mr. Caum’s several responsi- 
bilities are the maintaining of Staff 
contacts with numerous committees in 
the metals fields. Mr. Gilbert includes 
in ‘his area many of the committees 
covering structural materials in the “C” 
and committee groups. 


Cement Reference Laboratory: 


Since the technical assistant of Com- 
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mittee C-1 on Cement operates under a 
provision in the Regulations Governing 
Technical Committees which permits 
them to engage such a personnel with 
compensation clearing through Society 
headquarters, it is pertinent to note that 
Mr. John R. Dwyer, for many years 
technical assistant of Committee C-1, has 
been succeeded by Mr. J. R. Dise. Both 
men have been on the Staff of the 
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National Bureau of Standards and 
among their responsibilities direct the 
Cement Reference Laboratory, a most 
interesting joint project of the Bureau 
and ASTM providing for the periodic 
examination of the equipment in lab- 
oratories undertaking testing work in 
this field. The January ButLtetin 
carried an interesting article concerning 
Mr. Dwyer’s long-time services. a 


Cooperative Activities 


Believing that one of the most impor- 
tant obligations the Society has is the 
coordination of standards and research 
work with other interested societies and 
associations and, particularly, prevent- 
ing duplication of effort, the Officers 
and the Staff, together with the technical 
committee officers have maintained close 
relations with many other leading bodies. 
We have developed fuller cooperative 
relations with various additional groups, 
some of these activities being noted here. 


American Leather Chemists Association: 


A joint committee has been established 
with the American Leather Chemists 
Association to coordinate standards 
work, especially methods of testing in 
this field. Further news of this activity 
appears in the May BULLETIN. 


Technical Association of the Pulp and 
Paper Industry: 


To coordinate standardization work 
better in the field of paper and paper 
products, a joint committee of represen- 
tatives of TAPPI and of ASTM Com- 
mittee D-6 on Paper and Paper Products 
has been established. One of the ob- 
jectives is to implement the exchange of 
information on projects being undertaken 
in the respective organizations. The 
committee also will assist in providing 
for cross-representation of personnel. 


National Association of Corrosion En- 
gineers: 


This rapidly growing, relatively young 
association has many important activi- 
ties under way which are of interest to 
various ASTM technical committees, 
especially in the metals field but also of 
concern to ASTM Committee D-19 on 
Industrial Water. While there is an ex- 
cellent cross-over of memberships and 
committee personnel, it has been deemed 
desirable by the officers of both societies 
to insure a minimum of overlap, and 
accordingly a small liaison group of 
three representatives from each body is 
being designated to counsel on new and 
current activities. Research work being 
sponsored by NACE will unquestionably 
be of service to ASTM committees as 
they pursue standardization projects. 
Some of this research and surveys may 
be carried out jointly. 


Corrosion Research Council: 


Because of its great interest in corro- 
sion work, both research and standardi- 
zation activities, the Society has become 
a sponsor of the Corrosion Research 
Council. This was organized with the 
help of a grant from the Engineering 
Foundation with the objective of spon- 
soring investigative work of a nature 
that normally would not be undertaken 
individually by any of the societies con- 
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cerned with corrosion work generally 
for example, developing better informa- 
tion on some of the basic problems 
involved. ASTM, almost from its es- 
tablishment, has taken an_ intensive 
interest in corrosion and several of the 
technical committees concentrate specifi- 
cally in this area. Many standards and 
numerous valuable publications have 
been issued. 


Joint Committee on Boiler Feed Water 
Studies: 


Because of some problems in the 
operation of the Joint Committee on 
Boiler Feed Water Studies, for which 
ASTM along with several other societies 
was a sponsor, it was decided to con- 
centrate sponsorship with the ASME, 
and, accordingly, ASTM relinquished its 
sponsorship but will plan to keep in close 
touch with this work. Committee D-19 
on Industrial Water is much con- 
cerned with this whole area. 


National Association of State Purchasing 
Officials: 


Our Staff has conferred with officers 
of the National Association of State Pur- 
chasing Officials concerning the growing 
interest of that group in standards, and 
has offered our services. 


Staff Activities: 

In many of our joint and cooperative 
activities, the representatives of the re- 
spective headquarters staffs assume an 
important place. It is gratifying that 
our relations with the staffs of the or- 
ganizations referred to above, and in 
fact with a great many of the other asso- 
ciations, are on a very friendly, con- 
structive basis. The ASTM Staff men 
especially concerned with technical work 
are constantly in touch with the per- 
sonnel of other bodies. 

During the year, the Executive Secre- 
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spoken: at various meetings, includmg 
several sponsored by local purchasing 
agents’ associations. The Committee on 
Standardization of the National Asso- 
ciation of Purchasing Agents is doing 
effective work in stimulating the use of 
recognized standards. 


The above references are to some 
examples of important cooperative ac- 
tivities and contacts which constantly 
are being made. The Society stands 
ready at all times to cooperate closely 
with any other groups concerned with 
standards or with research in the ma- 
terials field. With so much pressure on 
engineers and technical people, ASTM 
feels it is important, especially in these 
times, to use the efforts and talents of 
our committee members and officers in 
the most efficient manner. Accordingly, 
continuing stress is placed on avoiding 
duplication of activities. 
Government Contacts: 

The Society continues to maintain 
active concern with the work of the 
National Bureau of Standards. The 
officers and technical personnel of the 
Bureau continue to render outstanding 
service in many phases of our work, and 
many of the Society’s committees are 
interested in the Bureau activities. 
Several Fellowships are sponsored by the 
Society at the Bureau and there are 
other important continuing joint activi- 
ties such as the Cement Reference 
Laboratory. 

While there has not been a recent 
meeting of the ASTM Advisory Com- 
mittee to the Bureau, appropriate con- 
tacts have been made with Federal 
authorities concerning legislation which 
would implement the Bureau’s important 
work in calibration and testing especially 
in the apparatus field and the develop- 
ment of important standards needed by 
industry. 


We have maintained close relations 
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with the Department of Defense, espe- 
cially those agencies concerned with 
standardization. 

A most important development during 
the year was the establishment of an 
arrangement whereby ASTM agrees to 
furnish at special prices quantities of the 
Society’s standards which are referred 
to in Federal documents or required in 


Engineering Education 


Probably there is no society or organi- 
zation which depends more for its con- 
tinuing progress on engineers and 
technical men than does ASTM. Repre- 
sentatives of most of the engineering 
professions have served with distinction 
on our committees and the outstanding 
contributions of the Society and the 
reputation it has achieved have been 
due to the engineering talents which 
industry and government have made 
available. Iy is of vital importance that 
we have a continuing influx of mature 
technical men and women, and thus the 
Society is concerned with stimulating 
engineering training. Because the Society 
is not a professional group, it has not 
seemed wise to push any formal projects, 
but through personal conferences we 
have acquainted the other engineering 
societies with our great concern that 
adequate training in materials tech- 
nology be a part of all engineering 
curriculums. 

It is gratifying to note that in the 
report of the American Society for 
Engineering Education on engineering 
curriculums emphasis is given to the 
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Government operations. This develop- 
ment came about because of the coopera- 
tive work between the Standards Di- 
vision of the General Services Ad- 
ministration and ASTM in coordinat- 
ing specifications and tests. It is believed 
much more can be done along these lines, 
and the Society is pledged to cooperate 
fully. 
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importance of adequate courses of study 
in the materials field. Considering the 
tremendous investments of American 
industry in materials, both from the 
producing and the consuming standpoint, 
it seems obvious that the well trained 
engineer should have a reasonably good 
working knowledge of the properties and 
tests of materials. 

Furthermore, it is vital in our economy 
that adequate engineering talents be 
made available to carry on the voluntary 
efforts under way in so many societies 
and associations. One modest way in 
which ASTM interest is evidenced is 
through the growing number of student 
membership awards underwritten by 
members and ASTM Districts. 


Respectfully submitted on behalf of 
the Board of Directors, 


C. H. FELLows, 
President. 
R. J. PAINTER, 
Executive Secretary. 


June, 1956 
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REPORT OF THE AUDITORS FOR THE FISCAL YEAR JANUARY 1 
DECEMBER 10, 1955 


Philadelphia, December 23, 1955. 
Mr. R. J. PAINTER, Executive Secretary 


AMERICAN SOCIETY FOR TESTING MATERIALS 
Philadelphia, Pa. Dy 


Dear Sir: 

We have examined the books and accounts of the American Society for 
Testing Materials for the period ended December 10, 1955, the date the 
Society closed its books for the year 1955. We did not make a detailed audit 
of all transactions, but made tests to the extent we considered appropriate 
in determining the accuracy of the accounts. 

Cash on deposit in checking and savings accounts, and cash represented by 
certificates of deposit were verified by direct correspondence with the various 
depositories and reconciled with the cash records. Accounts receivable were 
not verified by correspondence with debtors. An investment fund was cre- 
ated by action of the Finance Committee at its meeting on September 20, 
1955. The investments held by the funds, as well as certificates of deposits 
and savings accounts, were transferred as of June 1, 1955 to an investment 
fund, with each fund owning a share of this fund in direct ratio to the secu- 
rities and cash transferred to the fund. We examined the securities held by 
this fund on December 27, 1955. Income for the period under review was 
verified by us and found to be properly recorded on the books of the Society. 
investments in securities held by the investment fund at December 10, 1955 
at an aggregate cost of $547,328.07 had a market value of $732,639.78. 

We have prepared and submit herewith balance sheet as of December 10, 
1955, statement of cash receipts and disbursements and operations for the pe- 
riod ended that date, and other supporting schedules which, in our opinion 
present fairly the financial position of the Society at December 10, 1955, 
and the results of its operations for the period ended that date. 


Respectfully submitted, 
Joun Hetns & Co. 
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80 ANNUAL Report oF Boarp or Directors (APPENDIX I) 
BALANCE SHEET AS OF DECEMBER 10, 1955 
(Including Special and Designated Funds) 
ASSETS 
General Funds: 


Less Check No. 590 as of December 9, 1955 
(drawn against estimated cost of 1955 Proceed- 


ings and 1955 Book of Standards).............. 81 500.00 $30 625.00 
Investment Fund Participation (at cost) 519 038.45 
Loans Receivable (Building Fund)........................000- 54 700.00 
Advance to Forest Products 500.00 

Total Current Assets—General Funds...................-. 706 672.25 
Furniture and Fixtures (depreciated book value)................ 29 482.34 

Total Assets—General Fund. 

Building Fund: 
Investments Fund Participation (at cost)....................- 20 245.28 
Building and construction costs................... 263 380.43 
Less accumulated depreciation................. 54 100.00 209 280.43 


Other Special and Designated Funds: 


Cash: 
ASTM Research Fund..................-ceecee 8 202.31 
Dudley Medal and Marburg Lecture 

Richard L. Templin Award Fund...... 76.74 
Sam Tour Award Fund............... 235.01 
F. E. Richart Award Fund........... 45.82 
Total Medal and Lecture Funds............ 1 177.34 


Investments Fund Participations (at cost): 


Dudley Medal and Marburg Lecture Fund........ 6 706.25 
Richard L. Templin Award Fund............... 2 146.00 
F. E. Richart Award Fund. ..........ccccccccces 1 012.26 
scones 96 772.45 173 345.17 
Total Assets, Special and Designated Funds...................0.-220000: 


$736 154.59 


306 927.41 


301 661.57 
$1 344 743.57 
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LIABILITIES 
General Funds: 
Accounts Payable: 

Joint Committee on X-ray Diffraction....................44: 
Total Current Liabilities—General Funds.................. 
Book of Standards Reserve...........cccccccecees 120 400.18 
Executive Retirement Reserve...................- 13 073.60 
Retirement Fund Reserve. 25 686.21 
Reserve for Depreciation of Investments........... 20 000.00 

Reserve for Additional Cost of Replacement of Head- 
Special Annual Meeting Entertainment Account. ... 6 586.64 
231 501.37 
380 493.68 

Total Liabilities and Surplus—General Funds... .... 


Building Fund: 

Contributions from 
Contributions from ASTM General Funds....................- 
Accumulated Income, Profit on Investments.................-- 


Other Special and Designated Funds: 
ASTM Research Fund: 


Dudley Medal and Marburg Lecture Fund: 

Richard L. Templin Award Fund: 

Income... 76.74 
Sam Tour Award Fund: 

F. E. Richart Award Fund: 

Committee Funds, Unexpended 


$1 344 743.57 


i 
6: 
oF | 
- 
4 
59 s we 
136 154.59 
7 918.90 
5 389.57 
41 4 700.00 
8 918.94 
306 927.41 
diel! 
: 
¢ 
> 
> 
201 661 $7 
° 


COMPARISON OF GENERAL FUNDS FOR FIscAL YEARS 


1951-1955 INCLUSIVE. 


Assets Liabilities 
ven F R f Miscel 
iscal Year | In " A ts urniture A ts | Reserve for iscel- 
Cash and Book of | laneous | Surplus 
ments Receivable | Payable Standards Sends 
arr $164 | 497.75 $263 995.13 , $77 239.16 | $18 758.61 | $72 990.86 $101 900.18 | $90 536 48 |$259 063.13 
EE 200 537.56 | 282 493.36 63 050.85 22 475.95 86 506.97 | 101 900.18 | 114 326.31 | 265 824.26 
eae 101 212.48 | 338 008.56 | 150 822.09 22 814.82 88 136.41 | 60 400.18 | 115 116.97 | 348 604.39 
. eee 130 344.62 | 391 988.43 | 131 653.09 | 29 660.19 | 124 687.30 | 120 400.18 | 111 554.22 327 004.63 
eee 30 625. 00 | 519 038.45 | 157 008.80 | 29 482.34 | 124 159.54 | 120 400.18 | 111 101.19 | 380 493.68 


COMMITTEE FUNDS 


Committee A-5 On Corrosion of Iron and 1 053.13 
Committee B-3 On Corrosion of Non-Ferrous Metals and Alloys................. 2 718.32 
Committee B-6 On Die-Cast Metals and Alloys..................066 ceeeeeeeee 2 918.26 
Committee B-8 On Electrodeposited Metallic Coatings...................0.00005 11.25 
Committee C-1 Cement Reference Laboratory....................00000eeceeeee (877 .89) 
Committee C-9 Sanford E. Thompson Medal Fund.........................4-- 996.80 
Committee C-9 On Concrete and Concrete Aggregates.........................- 162.62 
Committee C-15 On Manufactured Masonry Units............................. 448.54 
Committee C-16-On Thermal Insulating Materials............................. 380.70 
Committee C-18 On Natural Building Stones... .. 363.56 
Committee D-1 On Paint, Varnish, Lacquer and Related Products............... 656.22 
Committee D-2 On Petroleum Products and Lubricants...............-........ 1 473.15 
Committee D-2 D.C.C Reference Fuel Account...................0.0eeceeeeuee 28 816.49 
Committee D-2 D.C.C National Exchange Group......................200000-- (666.87 ) 
Committee D-2 D.C.C Equipment Development Project.......................- 848.70 
Committee D-4 On Road and Paving Materials......................02-eeee0ee 841.52 
Committss D-35 On Coal and Coke. 722.24 
Committee D-7 Wood Pole Research 21 338.28 
Committee D-9 On Electrical Insulating Materials......................-..005, 2 506.56 
Committee D-10 On Shipping 61.89 
Committee D-11 On Rubber and Rubber-like Materials........................ 285 .96 
Committee D-12 On Soaps and Detergents. 757.17 
Committee D-13 On Textile 1 457.24 
Committee D-18—C. A. Hogentogler Award Fund....................000cc0es 16.26 
Committee D-19—Max Hecht Award 16.59 
Committee E-3 On Chemical Analysis of Metals... 159.45 
Committee E-4 On Metallography ........ 2.50 
Committee E-5-On Fire test-Small Scale Tunnel Test Research Fund............ 1 500.00 
Committee E-14 On Mass Spectrometry. .................ccccesecccccececess 1 471.35 
Chicago District Council 3 478.04 
Philadelphia District Special (Annual Meeting Account)......................-. 1 619.34 
Administrative Committee on Ultimate Consumer Goods....................... 234.44 
Joint Committee on X-ray Diffraction, chemical analysis....................... 52 248.87 
Joint Committee on X-ray Diffraction, research associates...................... 3 685.14 
Joint Committee on X-ray Diffraction, IBM calculator......................... 100.00 

207 278.12 
Undistributed Profit on Sales Investments 1 173.45 


Accounted for as follows: 


$91 753.12 
19 925.00 $208 450.57 
96 772.45 $208 450.57 
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Principal Account 
Total 


Invested Uninvested 


Cash 


Balance, December 11, 1954, as reported $71 189.69 $63 014.26 $8 175.43 
Receipts: Transfer from Income Account. noe 34.39 34.39 
Stock Dividends Transferred from Income.. 284.55 284.55 
Profit on Sales of Investments.............. 787 .97 787.97 
Transferred from General Funds............ 2 700.00 2 700.00 
U. S. Savings Bonds, Series G (matured)... .. (1 500.00)* 1 500.00 
Cash to Investment Fund.................. 8 955.94 (8 955.94) — 
Balance, December 10, 1955... $74 996.60 72 296.60 $2 700.00 
Investment Fund Participation........................ $65 037.97 
618 Sh General Motors Co. Commor (Book Value)?..... . 7 258.63 $72 296.60 
(market value $29 818.50) 7 
Income Account 
Balance, December 11, 1954, as reported..................000ccceeeee $4 252.25 
Receipts: Interest and Dividends on Investments................... 3 274.03 
Profit on Sale of 787.97 $8 314 
Disbursements: Transfers to Principal Account..................... 1 106.91 
Contribution to Committee E-14................... 400.00 
Balance, December 10, $5 502.31 


F. E. Ricnart AWARD FUND 
Principal Account 


Receipts: Transfer from Income Account............. 
Transiet to Investment Fund... ........ 


Balance, December 10, 1955......... 


Receipts: Interest and Dividends on Investments.................... 
Dishursements, Transfer to Principal Account. 


®( ) Indicate red figures. 
b Income from these shares is by agreement paid to an annuitant. 
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DuDLEY MEDAL AND MARBURG LECTURE FUND 


Principal Account 
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Total 
Balance, December 11, 1954. . .. $6 625.00 
Receipts, Transfer from Income (Gain on Sale of Inv estments) 81.25 
Balance, December 10, 1955........................2..405. $6 706.25 


Income Account 
Balance, December 11, 1954, as reported.......................-..... 
Receipts, Interest, Dividends and Profit on 


Disbursements: Honorarium. . 
Miscellaneous. 


Balance, December 10, 1955 


Ricuarp L. Temprtin Awarp Funp 


Principal Account 


Balance, December 11, 1954, as reported................ $2 100.43 
Receipts: Transfer from Income (Stock Dividend)... . . 18.97 


Transfer from Income Account.............. 26.60 
Transfer to Investment Fund............... : 


Balance, December 10, $2 14 


Income Accounl 
Balance, December 11, 1954, as reported. . 


Receipts: Interest and Dividends on Investments.................... 
Gain on Sales of Investments...........................-. 

_ Disbursements: Transfer to Principal Account. 


Balance, December 10, 1955 


Sam Tour Awarp Funp 
Principal Account 


Invested 
$6 625.00 
81.25 
$6 706.25 
$896.56 
419.61 $1 316.17 
400.00 
15.15 
81.25 496.40 
$819.77 
Uninvested 
Cash 
$1 088.49 $1 011.94 
18.97 
26.00 
1 012.54 (1 011.94) 
$2 146.00 0 
$70.10 
96.91 
26.00 $193.01 
45.47 
50.00 


20.70 116.27 


$76.74 


$1 600.87 
69.37 


Balance, December 11, 1954, as reported.... Beat $1 600.87 
Receipts, Transfer from Income Account... 69.37 
Balance, December 10, $1 670.24 


Income Account 


Balance, December 11, 1954, as reported..................0.-0.00005 
_ Receipts: Interest and Dividends on Investments.................... 
Profit on Sales of Investments............................ 
Disbursements: Transfer to Principal Account........... 
Investment Account Participation................... 


$1 670.24 


20.24 $304.38 


11.19 69.37 


$235.01 
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RECEIPTS AND DISBURSEMENTS 
For THE PERIOD DEcEMBER 11, 1954 To DEecEMBER 10, 1955 


RECEIPTS 
Operating Receipis (Budgeted): 

Dues and Entrance Fees: ’ 
Income, Life Membership Fund................ 175.00 


Sales of Publications: 


53 850.25 
58 800.25 


Book of Standards (Members, additional parts)... . . 


1953 Supplements to Book of Standards........... 19 997.39 
1954 Supplements to Book of Standards.......... 59 478.56 
Methods of Chemical Analysis of Metals........... 3 108.99 
88 930.53 
Selected Standards for Students.................. 3 966.10 


BULLETIN Subscriptions (nonmembers)............ 
Special and Miscellaneous Publications............ 
Miscellaneous: 


30 160.77 
1 833.50 
27 162.18 
Registration and Other Fees—Meetings............ 13 701.11 
ASTM Exhibit at Annual Meeting................ 750.00 
Total Operating Receipts 
Nonoperating Receipts (Not Budgeted): 
Investments Matured or Sold................... 31 070.25 
Committee C-1 for Technical Assistant............ 2 580.00 
1 502.05 
Joint AIME-ASTM Publication Fund............. 17.50 
Sale of X-ray Diffraction Cards.................. 67 978.47 
British and IP Metric Tables..................... 521.07 
Institute of Petroleum Publications............... 2 416.97 
Special Contribution Fund....................... 600.00 
Furniture and Fixtures sold...................... 50.00 
From Building Fund on Account of Loan.......... 23 700.12 
Annual Meeting Luncheon and Buffet Supper...... 1 425.25 
Investment Fund 6 426.85 


Total Receipts for 1955 and Cash Balance, 
December 11, 1954 


78 235.34 


851 803.50 


159 202.79 


1 011 006.29 


$1 141 350.91 
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DISBURSEMENTS 
Operating Disbursements (Budgeted): 
Publications: 
1952 Book of Standards....................4.. 2 196.38 
1955 Book of Standards...................+4-: 100 105.56 
1954 Supplements to Book of Standards........ 3 349.28 
Methods of Chemical Analysis of Metals........ 63.89 
Compilation of Standards...................... 28 111.83 
10 790.17 
Proceedings—repurchase of old numbers........ 186.50 
1954-1955 ProceedingS. 33 937.97 
Circulars to 3 666.11 
Special and Miscellaneous Publications.......... 91 487.10 
Total Disbursements—Publications....................... $349 962.94 
General Office Expenses. 83 341.90 
Expenses—Technical and District Committees..... . 10 430.15 
Expenses—Meetings. ...... 16 690.84 
Headquarters Occupancy Expense (includes $9 500 
depreciation on building)...................... 35 319.15 - 
Transfer to Princial of Research Fund ............ 2 700.00 
American Standards Association.................. 1 500.00 
Traveling Expense, Administrative and Special 
Furniture and Fixtures. ..................00000-- 4 083.91 
Dues. Contributions, Miscellaneous............... 1 303.96 
Employees’ Retirement Fund..................... 23 868.76 
Federal Old Age Survivors. 4 688.83 
Total Operating Disbursements (Budgeted)................ 851 351.82 


Nonoperating Disbursements (Not Budgeted): 


Refund of Excess Remittances..................-. 3 613.12 
Technical Assistant Committee C-1............... 2 618.40 
Transfer to Joint Committee on X-ray Diffraction.. 65 000.00 
Cost and Refunds on X-ray Diffraction Cards...... 5 246.77 
Institute of Petroleum Publications .............. 1 975.50 
Annual Meeting Luncheon and Buffet Supper..... } 330.95 


Executive Retirement Reserve................... 900 .00 


Employee Retirement Reserve .................. 155.52 

Gillett Memorial 450.15 

Commercial Directory 1 868.49 

Investment Fund (Special Account).............. 6 426.85 

Special Annual Meeting Account ................. 1000.00 

Special Contribution 600.00 

97.14 
Total Nonoperating Disbursements.....................405 259 374.09 
1 110 725.91 


$30 625.00 
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Detarts oF ASTM Buitpinc Funp RECEIPTS AND DISBURSEMENTS 
For THE Periop DECEMBER 11, 1954 To DECEMBER 10, 1955 


Cash balance, December 11, 1954 


Contributions from Members 


Interest and Dividends and Profit on Inv estments. 


From ASTM General Fund: 


On Account of Depreciation on Building, Elevator, and Air Condi- 


tioning Installation 


On Account of Amortization of Note... 
From Sale of 1929 Cherry St. and 1930 Quarry St. 


Expenses of Cherry St. Property: 
Real Estate Taxes. . 
Other Expense 


Renovation Cost of 1921--1925 Cherry St.: 


Stuccoing..... 
Contractor..... 

Automatic Fire Alarm Sy stem. 
Repairs to Radiators......... 


Air Conditioners. . . 
Partitions...... 


Transferred to Investment Fund.. 


Reduction of Loan from ASTM General Fund. 700.12 40 069.60 


Cash balance, December 10, $8 942.28 
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ASTM BUILDING FUND 


$13 259.54 
Receipts 


622.94 


Disbursements 


= 
Construction Cost of 1916 Race St.: 
Contractor 
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ASTM BUILDING FUND 
DETAILS OF ASSETS AND LIABILITIES OF BuILDING Funp as OF DECEMBER 10, 1955 
Assets 
Cash in Girard Trust Corn Exchange Bank, 

Property 1916-1918 Race St., Philadelphia, 


Construction (Net of Salvage)........ $132 081.72 
Automatic Fire Alarm System....... 966.60 
Telephone Equipment Room........ 648.20 
Air Conditioner.................... 254.47 134 288.06 


7 160 791.41 
Accumulated Depreciation (Provided from 


142 266.41 


Property 1921-1929 Cherry St., and 1922- 
1930 Quarry St., Philadelphia, Pa: 
Cost: 
Less, Sale 1929 Cherry St. and 1930 
Buildings (Net of In- 
$48 520.29 
Construction .......... 62 898.28 
111 418.57 
Less, Sale 1929 Cherry St. and 1930 
Quarry 9 720.02 


101 698.55 
Accumulated Depreciation (Provided from 
Rane 5 575.00 96 123.55 126 923.55 
Property 1919 Cherry St., Philadelphia, 
Pa: 


890.47 8 549.89 277 739.85 


Total assets , 306 927.41 


Contributions from Members................00cccecececeecececeecs $177 918.90 
Contributions from ASTM 65 389.57 
Accumulated Income: 

Interest and Dividends on Investments............... $6 865.35 

Profit on Disposal] of Securities, net.................. 321.55 

Profit on Sale of 1915-1918 Cherry St................. 13 148.52 

Rental on Cherry St. Property..................... 699 .09 


21 034.51 
Less Heating of Cherry St. 
$812.50 
Interest on Loan from 
General Fund............... 4 010.96 
Real Estate Taxes on 
Water and Sewerage on 
126.23 
Loss on Sale of 1929 Cherry 
St. and 1930 Quarry St........... 2 646.03 
Moving Expense.............. 1 309.69 
325.00 12 115.57 8 918.94 


Lean Payable te ASTM General Funds... 54 700.00 


| 
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ASTM INVESTMENT FUND PARTICIPATIONS 
As OF DECEMBER 10, 1955 : 


(Market value $732 639.78) na 


Net Profit Total Par- 
Initial Par- Sale of licipation 
ticipations ‘Securities (At Cost) 
Participations by funds, per cent: 


General Fund a S| ee ... $512 750.00 $6 288.45 $519 038.45 
Committee Funds 95 600.00 1 172.45 96 772.45 
Research Fund = a re 64 250.00 787 .97 65 037.97 
Building Fund 20 000.00 245.28 20 245.28 
Medal & Lecture Fund 6 625.00 81.25 6 706.25 
Templin Award Fund 2 120.00 26.00 2 146.00 
Sam Tour Fund a eee 1 650.00 20.24 1 670.24 
Richart Fund eee 1 000.00 12.26 1 012.26 

100 .00000 $703 995.00 $8 633.90 $712 628.90 


ASTM INVESTMENT FUND 


oF INVESTMENT Funp Caso RECEIPTS AND DISBURSEMENTS 
For THE PERIOD JuNE 1, 1955 To DECEMBER 10, 1955 


Receipts 
Cash transferred from: 
82 600.00 
Medal & Lecture fund. .... . 2 048.36 $200 106.2 
Disbursements 
24.63 
Balance composed of: 
INVESTMENT FUND 
As oF DeceMBER 10, 1955 
Investments 
Cost or Market 
Par Value Book Value Value 
Bonds 
$600 American Telephone & Telegraph Conv. Debs. 3js 1967. . $600.00 $786.75 
5 000 American Tobacco Debs. 3s 1969....................... 5 067.08 4 906.25 
500 B. & O. R. R. Ref. & Gen. Mtg. 6s Ser. “J? 12/1/95 (called) . 
1 500 B. & O. R. R. Ref. & Gen. Mtg. 5s Ser. “M” 3/1/96..... 1 $21;:2S 1 546.65 
6 000 B. & O. R. R. Ref. & Gen. Mtg. 5s Ser. ““G” 1995 (called) . . 
4 000 Erie Railroad Company 43s 2015....................... 2 832.00 3 160.00 


5 000 Pacific Gas & Electric Co. ist & Ref. 33s Ser “W” 12/1/84. . 5 150.78 4 937.50 
@ All market values of securities are as of December 9, 1955. = «s \: 
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A Cost or Market 
Par Value Bonds Book Value Value* 
4 000 Socony Mobil Co. 23s Debs. 6/1/76. . 3 899.85 3 620.00 


5 000 Southern Natural Gas Co. Ist Mtg. Pipe Line S F 3hs eninge 5 109.81 4+ 750.00 
4 000 U. S. Treasury 2s 1954 (redeemed)... 


2 000 U. S. Treasury 24s 6/15/64-69................ 2 000.00 1 913.75 
1 000 U. S. Treasury 1955/60 (redeemed). wie 
000 U.S. Treasury 24s 5 000.00 4 781.25 
500 U.S. Treasury 2}s 6/15/67-72. . 8 632.83 8 080.31 
3 000 U. S. Treasury 24s 12/15/67-72........................ 3 000.00 2 851.88 
15 000 U. S. Treasury 24s 11/15/61............0.0..0.00000.... 15 000.00 14 657.81 
2 000 U. S. Treasury 34s 6/15/78-83......................... 2 000.00 2 102.50 
15 000 U.S. Treasury 8/15/63... 14 943.75 14 568.75 
7 500 Savings Bonds Ser. 23s (redeemed). .......... 
30 000 U. S. Savings Bonds Ser. ““G” 2$s 6/1/61................ 30 000.00 28 740.00 
~§ 000 U. S. Savings Bonds Ser. ““G” 24s 1/1/62................ 5 000.00 4 775.00 
5 000 U. S. Savings Bonds Ser. “G” 23s 2/1/62................ 5 000.00 4 775.00 
5 000 Walworth Co. 34s Cony. Debs. 5/1/76 (sold)............. 
Shares 
Preferred Stocks 
30 Allegheny Ludlum Steel Corp. $4.375 Cum. Pfid.......... 3 037.34 4 050.00 
100 American Airlines, Inc. 3} per cent Cum. Conv. Pfd....... 9 277.55 11 900.00 
10 American Cyanamid 3} per cent Cum. Pfd. Ser. “C”...... 1 019.75 1 315.00 
30 Armstrong Cork Co., 3.75 per cent Cum. Pfd. Ser. “A”’. 2 947.09 2 925.00 
50 Chicago, Rock Island & Pacific R.R. Co. Ser. “A” (sold) 
30 Consolidated Edison Co. $5 Cum. Pfd. eres 3 286.08 3 270.00 
1 Consumers Power Co. (sold)........................ 
30 Endicott Johnson Corp. 4 per cent 2 937.50 2 940.00 
50 Food Machinery & Chemical Corp. 3} t per cent Cum. Conv. 
4 750.10 6 200.00 
30 General Motors Corp. $5 Pfd.. 3 755.80 3 720.00 
60 Jones & Laughlin Steel Corp. $5 Cum. Pfd. Ser. “A”. 5 386.73 6 285.00 
30 Long Island Lighting Co. 4.35 per cent Ser. “E” Pfd 3 015.00 3 105.00 
30 P. Lorillard Co. 7 per cent Pfd. 4 380.00 4 207.50 
30 Mississippi Power & Light Co. 4. 36 per cent Cum. Pid 3 075.00 3 030.00 
30 Philadelphia Electric Co. 4.40 per cent Cum. Pfd.... 3 285.00 3 330.00 
47 Standard Slag Co. 2nd Pid... 2 115.00 2 115.00 
30 W Electric 3.80 cent Cum. Pfd. Ser. 
sae 3 067.74 2 992.50 
Total Preferred Stocks..................0.0...0.... 55 335.68 61 385.00 
Shares Cost or Market 


Book Value Value* 
Common Stocks 


100 Acme Steel Co.. 


310 Allis Chalmers Mfg. i3 820.16 20 653.75 
100 Aluminum Company of America........................ 2 061.45 8 025.00 
100 American Bakeries 3 432.00 3 450.00 
dens 3 884.25 4 762.50 
6 238.91 9 918.75 
100 American Radiator & Standard waned + re 1 564.32 2 225.00 
150 American Stores Co.. 7 608.33 8 550.00 
50 American Telephone & Telegraph 8 031.72 8 962.50 
30 Atchison, Topeka & Sante FeR.R.Co. 2 961.06 4 680.00 
40 Bethlehem Steel Corp........000000.--..0000.000....... 2 095.99 6 770.00 
75 Canadian Pacific Railway Co... 2 384.11 2 606.25 
115 Carpenter Steel Co........................255.0-000205.. 6 104.75 9 573.75 
125 Chase National Bank. sts, 3 412.50 6 421.88 
100 Climax Molydenum 5 409.11 6 662.50 
100 Crown Zellerbach Corp.... 2.0.2.0... 2 914.79 5 600.00 
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Cost or Market 
Shares Common Stocks Book Value Value 
Ge Deleware Power 2 174.11 2 663.25 
30 E. du Pont de Nemows @ Co... 2 899.12 6 870.00 
1 969.44 1 868.75 
4 311.15 6 828.13 
ee 3 312.82 9 309.38 
206 Houston Lighting & Power Co.... 7 112.18 9 270.00 
125 International Nickel Co. of Canada, Ltd................. 5 788.01 10 250.00 
Oe 3 433.25 4 381.25 
100 Jones & Laughlin Steel Corp........................... 2 636.06 5 150.00 
10 660.37 11 725.00 
SO Louisville & Nashville BLUR. Co... 4 154.59 4 475.00 
100 Montgomery Ward & 5 798.04 9 537.50 
BOS Mingera Power Coen... 3 479.57 3 424.75 
2 165.63 2 850.00 
1 641.19 2 056.25 
50 Pennsylvania Power & Light Co........................ 2 083.20 2 437.50 
1 732.94 2 043.75 
125 Public Service Electric & Gas Co........................ 4 558.50 4 250.00 
2 152.93 5 050.00 
2 234.45 2 887.50 
- 60 Union Carbide & Carbon Corp.......................... 4 235.24 6 660.00 
30 United Gas Improvement Co........................... 446.68 1 053.75 
240 Westinghouse Electric 15 644.26 14 100.00 
Shares + Mutual Funds 
849 Broad Street Investing Corp...........................-- 11 337.87 18 482.73 
3 871.398 Commonwealth Investment Co.......................-. 27 444.91 35 462.01 
5.254 Eaton Howard Balanced Fund......................... 80 823.46 111 805.12 
Foncamental Investors, Tie... 19 215.42 34 043.75 
Summary 
ee 55 335.68 61 385.00 
$547 328.07 $732 639.78 
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APPENDIX II 


REPORT OF 


The Administrative Committee on 
Standards is interested in all aspects of 
the Society’s standardization work. The 
several functions are discussed under the 
subdivision headings of this report. 

The review of recommendations from 
technical committees is, of course, one of 
the important functions of the Standards 
Committee, since in its establishment it 
was intended to provide a means of 
having recommendations acted upon in 
the interval between Annual Meetings. 
Most of the annual reports refer to 
recommendations that have been sub- 
mitted to the Standards Committee dur- 
ing the year. The actions taken by the 
Standards Committee are summarized 
below: 
New Tentatives......................... 19 
Revised Tentatives.... ... 38 
Tentative Revisions of Standards. . 
Standards Revised and Reverted to Tenta- 7 

Tentatives Withdrawn................... 1 
Standards Withdrawn............... 

1 


Emergency Alternates Revised. . 
Emergency Alternates Withdrawn 


A large number of these recommenda- 
tions were acted upon at a meeting held 
on September 15, 1955; the remainder 
were handled by correspondence. 


Actions at 1955 Annual Meeting: 


As a matter of record, the actions 
taken by the Society at the 1955 Annual 
Meeting with respect to standards and 
tentatives are tabulated below: 
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Existing Tentatives soresens as Standard. . 92 


65 
Standards Revised and Reverted to Tenta- 

Tentative Revisions of Standards..... 19 
161 
Standards and Tentatives Withdrawn.... 15 


Form of Standards: 


Improvement of the quality and form 
of standards continues to be an important 
consideration of the committee. Editorial 
committees have been organized by a 
number of the technical committees, and 
the Standards Committee would wish to 
see this practice extended. The recom- 
mendations covering the form of ASTM 
specifications referred to in previous re- 
ports as being in preparation have now 
been drafted ane have been brought to 
the attention of all the technical com- 
mittees. This document has had a very 
favorable reception and it is felt it should 
simplify considerably the work of the 
committees. A comparable manual cover- 
ing recommendations on the form of 
methods of chemical analysis has re- 
cently been developed, and it is expected 
Committee E-1 on Methods of Testing 
will shortly have available a companion 
manual on methods of testing in general. 


EXPANSION OF STANDARDIZATION 
ACTIVITIES 
Many of the proposals dealing with 
new projects referred to in the report of 
the Standards Committee a year ago 
have now been acted upon favorably by 
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the Board or have reached the point 
where recommendations are now under 
consideration for organizing work in 
these fields. 

Electronic Materials —A new Commit- 
tee F-1 has been established to handle 
work in this field. Some of this work was 
formerly under the jurisdiction of a sub- 
committee on metallic materials for radio 
tubes and incandescent lamps of Com- 
mittee B-4, but its importance was rec- 
ognized as being such as to warrant a 
separate committee. The work is being 
expanded to include luminous materials 
and other phases that are closely related 
to the work. 

Hydraulic Fluids——The considerations 
referred to a year ago resulted in the 
reference of this subject to Committee 
D-2 on Petroleum Products and Lubri- 
cants, and a new technical committee has 
been established under Committee D-2 
which will handle not only hydraulic 
fluids having a petroleum base but the 
synthetic fluids as well. 

Sorbent Mineral Materials——Based 
upon the recommendations of a confer- 
ence called for the purpose of considering 
the undertaking of work in this field, the 
Board of Directors now has before it the 
recommendation that a new Committee 
on Sorbent Mineral Materials be estab- 
lished. This will include not only ma- 
terials of the clay type but diatomaceous 
materials as well. 

Carbon Black.——The need for methods 
of testing carbon black has been recog- 
nized by a group functioning in this field 
which has resulted in the development of 
a number of methods of testing. These 
have been brought to the attention of the 
Society with the suggestion that a new 
committee on carbon blacks be estab- 
lished, and such a committee has been 
authorized by the Board of Directors and 
is now in process of organization. The 
work will need to be coordinated with 
that of the several existing technical com- 
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mittees, as for example, Committee D-1 
on Paint which is interested in carbon 
black as a pigment; Committee D-20 on 
Plastics which has work under way on 
carbon black as a filler or pigment; Com- 
mittee D-11 on Rubber which has a > 
group at work on the evaluation of car- 
bon black as a reinforcement in rubber 
formulations. 

Manganese Dioxide——A group of those 
in the industry has been working on 
standards for manganese dioxide for use 
in dry batteries. Anew ASTM committee 
on manganese dioxide is suggested. 

Leather —The discussions referred to a 
year ago with respect to setting up a 
committee on the physical testing of 
leather have culminated in the establish- 
ment of a joint committee with the 
American Leather Chemists Assn. In 
view of the extensive amount of work 
that has already taken place in the latter 
organization, it is expected excellent 
progress will be made in the establish- 
ment of methods that will receive the 
joint approval of the two organizations. 

Casein ——On the recommendation of a 
conference called specifically for the pur- 
pose of reviewing the proposal, a new 
technical committee on casein has been 
authorized by the Board of Directors, 
having the several applications in mind, 
namely, paints, adhesives, and its use in 
paper. Representation is being secured 
from the several committees concerned. 
While the work will initially be confined 
to casein, it is possible that it will later be 
expanded to include other proteins. 

Industrial Chemicals——The subject of 
industrial chemicals is so broad that a 
preliminary conference should first be 
held to delineate the field more spe 
cifically. A number of projects under- 
taken during recent years, either in new 
committees or by existing technical com- 
mittees, cover certain portions of this 
general field, so it would be well to deter- 
mine more definitely what is still needed. 
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Magnet Wire——The interest in magnet 
wire has increased considerably during 
the past few years, particularly in view 
of the introduction of a number of newer 
types of insulation. The Society has been 
represented on the Sectional Committee 
on Magnet Wire (C9), functioning under 
the sponsorship of the National Electri- 
cal Manufacturers Association. In addi- 
tion to this, a new subcommittee has been 
established in ASTM Committee D-9 on 
Electrical Insulating Materials to deal 
with the methods of testing magnet wire, 
and the representation of the Society on 
the sectional committee has been in- 
creased in order to tie in this new work 
effectively with the work of the sectional 
committee. It is not proposed to carry out 
work on specifications for magnet wire 
independent of the sectional committee. 
Specifications for the conductor for use 
in magnet wire are covered by ASTM 
Committee B-1. 

Cooperative Relations ——To an ever in- 
creasing extent, there is an interlocking of 
interest among the technical committees, 
particularly in the nonmetallic field. 
More recently the question has developed 
as to how the Society might best handle 
the subject of foamed plastics. Commit- 
tee D-11 has been quite active in dealing 
with the rubber-like foams, whereas a 
number of committees are interested in 
various applications of the rigid plastic 
foams. A coordinating committee has 
been set up to include representation 
from the various committees concerned. 


RELATIONS WITH AMERICAN STANDARDS 
ASSOCIATION 


Two methods under the procedure of 
the American Standards Association are 
used by ASTM in submitting recom- 
mendations to the ASA. One is a com- 
bination of the so-called existing standards 
procedure and the proprietary sponsor- 
ship procedure. On the initial reference 
of an existing ASTM standard to the 
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ASA, it is submitted under the existing 
standards procedure with a supporting 
statement giving a history of the de- 
velopment of the standard and indicating 
the degree of its acceptance. If the 
standard is approved as American 
Standard, the ASTM is granted propri- 
etary sponsorship insofar as any future 
revisions are concerned, and such revi- 
sions are brought to the attention of the 
ASA currently for approval under this 
proprietary sponsorship procedure. 

The second method consists of having 
standards reviewed in a sectional com- 
mittee made up of representatives of a 
number of interested organizations, 
usually with the ASTM as sponsor or co- 
sponsor of the sectional committee. 


Standards Submitted Under the Existing 
Standards Procedure: 


The following standards were submit- 
ted to the American Standards Associa- 
tion for approval as American Standard 
under the existing standards procedure: 
36 standards dealing with  refrac- 
tories, 14 standards dealing with electro- 
deposited metallic coatings, and 2 stand- 
ards dealing with fire tests of building 
constructions. 


Revised Standards Submitted Under the 
Proprietary Procedure: 


In view of the Society having been 
designated as proprietary sponsor for the 
revisions of ASTM standards that had 
been approved as American Standard 
under the existing standards procedure, 
it has submitted to the American Stand- 
ards Association during the year revisions 
of 20 standards relating to steel, 1 relat- 
ing to gray-iron castings, 2 relating to 
corrosion of iron and steel, 5 relating to 
copper and copper alloys, 1 relating to 
drain tile, 2 relating to gypsum, 6 relat- 
ing to manufactured masonry units, 1 to 
aggregate for interior plastic, 3 to pig- 
ments for paint, 2 to linseed oil, 1 relat- 
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ing to gaseous fuels, 1 relating to rubber, 
5 relating to soaps and detergents, 1 re- 
lating to thermometers, and 2 relating to 
fire tests of building constructions. 


Standards Submitted Under the Sectional 
Committee Procedure: 


During the year, the following five 
sectional committees, for which the So- 
ciety is sponsor or cosponsor, took action 
to present recommendations to the ASA 
as follows: 

Sectional Commiitee C7 on Bare Eleciri- 
cal Conductors—This committee has 
recommended the approval as American 
Standard of 3 ASTM standards, and the 
approval of revisions of 13 American 
Standards. 

Sectional Committee C59 on Electrical 
Insulating Materials—This committee 
has recommended the approval as 
American Standard of 1 ASTM standard, 
and the approval of revisions of 5 Ameri- 
can Standards. 

Sectional Committee B36 on Wrought- 
Iron and Wrought-Steel Pipe and Tubing. 

-This committee has recommended the 
approval as American Standard of 16 
ASTM standards, and the approval of 
revisions of 16 American Standards. 

Sectional Committee L14 on Textile Test 
Methods——This committee has recom- 
mended the approval as American 
Standard of 20 standards prepared by the 
American Association of Textile Chem- 
ists and Colorists, certain of which are 
identical with ASTM standards, the ap- 
proval of revisions of 18 American 
Standards, and the withdrawal of 2 

American Standards. 

Sectional Committee Z11 on Petroleum 
Products and Lubricants—This commit- 
tee has recommended the approval as 
American Standard of 5 ASTM stand- 
ards, and the approval of revisions of 13 
American Standards. 
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INTERNATIONAL RELATIONS 


The Society continues to receive from 
other countries standards with the re- 
quest for comment. ASTM committees 
review these standards and frequently 
suggestions result. Apart from such in- 
formal cooperation, however, quite a 
number of proposals are received through 
the American Standards Association con- 
cerning projects that have been organ- 
ized under the International Organiza- 
tion for Standardization (ISO). The 
various ISO projects of interest to 
ASTM are listed below: | 

Textiles-—Great Britain holds the gen-_ 
eral secretariat for ISO/TC 38 on Tex- 
tiles, but the United States holds the 
secretariat for several subcommittees. 
Participation by the United States in this 
work is being handled by a special com- 
mittee organized under the sponsorship 
of ASTM and the American Association 
of Textile Chemists and Colorists, with 
representation from the various groups 
interested. This special committee has 
been given the designation “L23.” ; 

Petroleum Products-—-The United 
States holds the secretariat for ISO/TC | 
28 on Petroleum Products, the technical _ 
work of the secretariat being under the 
purview of Sectional Committee Z11, for 
which ASTM is sponsor. 

Rubber—The secretariat for ISO/TC 
45 on Rubber is held by Great Britain. 
The group to handle United States par- 
ticipation in this ISO committee has been 
set up under ASTM Committee D-11. 

Viscosity—The United States holds 
the secretariat for ISO/TC 66 on Vis- 
cosity. The Subcommittee on Rheologi- 
cal Properties of ASTM Committee E-1 
has been set up to handle the work of the 
secretariat. 

Plastics. -The United States holds the 
secretariat for ISO/TC 61 on Plastics. 
ASTM Committee D-20 on Plastics is 
handling the work of the secretariat and 
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has organized for the purpose a special 
committee consisting of representatives 
of the various groups interested. 

Shellac——Subcommittee XIII on Shel- 
lac of ASTM Committee D-1 has been 
set up as the committee in charge of con- 
tacts by the United States with ISO/TC 
50 on Lac, for which India holds the 
secretariat. 

Solid Mineral Fuels--ASTM Com- 
mittee D-5 is handling the contacts of 
the United States with ISO/TC 27 on 
Solid Mineral Fuels, for which Great 
Britain holds the secretariat. 

Iron and Steel——The United States has 
the status of an observer in the work of 
ISO/TC 17 on Iron and Steel for which 
Great Britain holds the secretariat. A 
number of draft proposals have been re- 
ceived which have been brought to the 
attention of Committee A-1 on Steel, 
while others dealing with methods of 
testing have been submitted to the ap- 
propriate subcommittees of Commit- 
tee E-1. 

Chemistry.—lItaly holds the secretariat 
for ISO/TC 47 on Chemistry. Several 
ASTM committees have indicated an in- 
terest in this work, and draft proposals 
which have been received have been 
passed on to the committees. 

Laboratory Glassware-—Great Britain 
holds the secretariat for ISO/TC 48 on 
Laboratory Glassware. The United 
States is participating in this work 
through a special group on which are 
represented ASTM Committee E-1 and 
the Scientific Apparatus Manufacturers 
Association. 

Statistical Treatment of Series of Ob- 
servations —ASTM Committee E-11 on 
Quality Control favors participation by 
the United States in the work of ISO/TC 
69. This recommendation is concurred 
in by the American Society for Quality 
Control, American Statistical Associa- 
tion, and Institute of Mathematical 
Statistics. 


Mica.—Subcommittee [IX on Mica of 
ASTM Committee D-9 has been set up 
to handle the United States contacts 
with ISO/TC 56 on Mica, for which 
India holds the secretariat. 

Copper and Copper Alloys—The 
United States holds the secretariat for 
ISO/TC 26 on Copper and‘ Copper Al- 
loys. The advisory Committee of ASTM 
Committee B-5 has been set up to handle 
the work of the secretariat. 

Paper—On the recommendation of 
ASTM Committee D-6, the United 
States participates in the work of ISO/ 
TC 6 on the basis of an observer. France 
holds the secretariat for this ISO com- 
mittee. 

Timber—ASTM Committee D-7 on 
Wood has indicated that it favors United 
States participation in the work of 
ISO/TC 55 on Timber, for which Russia 
holds the secretariat. 

Raw Materials for Paints, Varnishes, 
and Similar Products-—-ASTM Commit- 
tee D-1 has indicated that it favors 
United States participation in the work 
of ISO/TC 35 on Raw Materials for 
Paints, Varnishes, and Similar Products. 

Asbestos-Cement Products.— ASTM 
Committee C-17 on Asbestos-Cement 
Products has indicated that it favors 
United States participation in the work 
of ISO/TC 77 on the basis of an observer. 
Switzerland holds the secretariat for this 
ISO committee. 

Light Metals and Their Alloys —ASTM 
Committee B-7 has indicated that it 
favors United States participation in the 
work of ISO/TC 79 on Light Metals and 
Alloys. 

Refractories—ASTM Committee C-8 
has indicated that it favors United States 
participation in the work of ISO/TC 33 
on Refractories. 

Aromatic Hydrocarbons—ASTM Com- 
mittee D-16 has indicated that it favors 
United States participation in the work 
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of ISO/TC 78 on Aromatic Hydrocar- Respectfully submitted on behalf of 

bons for which Great Britain holds the the committee, 

secretariat. 
Cast Iron—Great Britain holds the 

secretariat for ISO/TC 25 on Cast Iron. 

The Advisory Committee of ASTM Com- 

mittee A-3 has been set up to handle R, E. Hess, 

United States participation. 


J H. Foote, 
Chairman. 


Secretary. 
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APPENDIX III 


REPORT OF ADMINISTRATIVE COMMITTEE ON RESEARCH 


One meeting of the Administrative 
Committee on Research was held during 
the past year—at ASTM Headquarters 
on October 3, 1955. 

Two new members of the committee 
were appointed: W. H. Lutz and H. K. 
Nason. It is with regret that the loss of 
two valued members is reported, H. H. 
Lester by death and O. W. Ellis by 
resignation because of retirement. 

A special subcommittee, of which Dr. 
Lester was chairman, has reviewed in 
detail the status of the ACR activity in 
publicizing “‘unsolved problems” of in- 
terest to ASTM technical committees. It 
was the feeling that this activity really 
did serve a useful purpose and should be 
continued. The close cooperation of 
ASTM technical committees in suggest- 
ing and following the progress in solving 
needed researches is being sought. This 
subcommittee is being continued, under 
the chairmanship of A. T. McPherson, 
to implement the recommendations that 
have been made to improve this project. 

Short articles were written by mem- 
bers of the Administrative Committee 
throughout the year for most issues of 
the BULLETIN under “ACR Notes.” Also, 
an article on ‘Materials Research in 
ASTM” was written on behalf of the 
committee by Dr. Lester. A “Review of 
ASTM Research” for the period of 
December, 1952, to December, 1955, has 
been planned, which is a continuation of 
previous reviews. 


The ACR is cooperating with Commit- 
tee B-2 on Non-Ferrous Metals and AI- 
loys in sponsoring a symposium on 
titanium to be given at the West Coast 
Meeting in September, 1956. This is 
aimed at presenting papers and discus- 
sion on properties of titanium and its 
alloys which affect mechanical perform- 
ance and on factors affecting methods of 
testing. Tentative plans are being made 
to sponsor a symposium on materials 
research at the 1958 Annual Meeting of 
ASTM in Boston. 

Active interest and encouragement in 
technical committee research projects 
has continued. In particular, researches 
involving the solicitation of funds have 
been followed closely. These include the 
ASTM-ASME Joint Committee on 
Effect of Temperature on Properties of 
Metals, the Joint Committee on Chemi- 
cal Analysis by Powder Diffraction 
Methods, Committee C-16’s research on 
Thermal Insulating Materials (under 
contract with the Pennsylvania State 
University), Committee D-7’s research 
on wood the testing of wood poles (under 
contract with the U. S. Forest Products 
Laboratory), Committee E-5’s research 
on Fire Tests (under contract with the 
U.S. Forest Products Laboratory), and 
the Advisory Committee on Corrosion. 
Research funds involved in these activi- 
ties total about $375,000. 

Representation by members of the 
ACR is maintained on the National Re- 
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search Council, Division of Industrial 
and Engineering Research, and with the 
Engineering Foundation research activi- 
ties. At its last meeting, the ACR recom- 
mended that ASTM support the Engi- 
neering Foundation Corrosion Research 
Council, independently of the Inter- 
Society Corrosion Committee. 
Financially, the Committee’s Re- 
search Fund has been increased moder- 
ately during the past year. This was 
particularly aided by $7271.90 be- 
queathed by H. J. Love. The balance of 
the Principal Account as of the end of 
the year was $74, 996. 60. The balance of 


the Income Account was $5502.31. The 
Income Account does not permit the 


substantial financing of research if 
jects. However, it does permit financing 
some minor projects, aid to some needy, 
separately financed researches, and the 


encouragement or stimulation of re- 
searches. 


Respectfully submitted on behalf of 
the committee, 
Bruce W. GONSER, 
Chairman, 
J. S. PETTIBONE, 
Secretary. 
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APPENDIX IV 


REPORT OF ADMINISTRATIVE COMMITTEE 
ON PAPERS AND PUBLICATIONS 


The year 1955 was naturally a very 
heavy publication year by virtue of the 
appearance of the Book of Standards 
which alone overshadows all other publi- 
cation ventures. But apart from this, 
the committee was confronted not only 
with the planning for the 1956 Annual 
Meeting but the supervision of the pro- 
gram for the Pacific Coast Area meeting 
to be held in September in Los Angeles. 
In addition to this, a Symposium on 
Properties, Tests, and Performance of 
Electrodeposited Metallic Coatings was 
held in connection with the Buffalo 
Committee Week, and various papers 
sessions have been sponsored by in- 
dividual committees in connection with 
the meetings of these committees 
throughout the year. Many of the papers 
presented are subsequently brought to 
the attention of the Papers Committee 
for publication in the ASTM BULLETIN 
or in the Proceedings. 


West Coast Meeting: 


In organizing for the West Coast 
meeting, a technical program committee 
was set up under the General Committee 
on Arrangements. This program com- 
mittee sought the assistance of various 
groups on the Pacific Coast in the devel- 
opment of the program for the Los 
Angeles meeting. In addition to this, the 
technical committees of the Society were 
approached both with respect to holding 
meetings in conjunction with the West 


Coast meeting and also with respect to 
sponsoring technical programs. Quite a 
few of the sessions of the West Coast 
meeting accordingly are committee 
sponsored. Committee D-2 on Petroleum 
Products and Lubricants for example 
has organized three symposiums—Vapor 
Phase Oxidation of Gasoline, Turbine 
Oils, and Lubricating Oils. By way of 
operation, symposium or session com- 
mittees have been set up responsible for 
the individual programs, with representa- 
tion from both the West Coast Technical 
Program Committee and from the Ad- 
ministrative Committee on Papers and 
Publications. These groups serve not 
only in organizing the sessions but also 
have the responsibility for the review of 
the papers as to their acceptability 
both for presentation and subsequent 
publication. In number of sessions (44) 
and in number of papers, the West 
Coast meeting will probably be the 
largest ever sponsored by the Society. 


1956 Annual Meeting: 


The program in prospect for the 1956 
Annual Meeting includes the following 
symposiums: 

Symposium on Solder 

Symposium on Specific Gravity of Bi- 
tuminous Coated Aggregates 

Symposium on In-Place Shear Testing of 

Foundation Soil by the Vane Method 
Symposium on pH Measurement 
Informal Symposium on Rheology 
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Symposium on Tension Testing of Non- 
Metallic Materials 
Symposium on Ion Exchange and Chro- 
matography in Analytical Chemistry 
Symposium on Steam Quality 
1955 Book of ASTM Standards: . 
The 1955 Book of ASTM Standards 
totals close to 12,000 pages, in seven 
parts, the edition for the individual parts 
ranging from 10,400 to 19,500 copies. 
The press work was such that two presses 
were kept running continuously and for 
a greater part of the time three presses 
from early in September until the end of 
January. While in the report a year ago 
it was indicated that some of the press 
work might be handled by a second 
printer, our regular printer was able to 
handle it through the installation of an 
additional press. It was, however, neces- 
sary to have two of the parts folded and 
bound at a second bindery, and it was 
only in this way that the books were 
made available as expeditiously as was 
the case. A special thin paper was used 
having greater opacity than that of the 
previous edition but without increasing 
the bulk materially. 


1955 Proceedings: 


The Papers Committee has been asked 
by the Board to review the Proceedings 
and their distribution with the thought 
that perhaps the annual cost of the 
Proceedings could be reduced in some 
way. There is the possibility of splitting 
the Proceedings, and this has been pro- 
posed to provide members with only 
those portions in which they would have 
an interest. This could be either accord- 
ing to material lines or, according to one 
suggestion, by dividing the Proceedings 
according to reports of committees and 
papers. This latter would introduce a 
complication that many of the committee 
reports have appended thereto technical 


papers or the equivalent type of material 
published as subcommittee reports or as 
special reports, and accordingly it would 
not be easy to segregate purely report 
material if by this is meant the report of 


the activities of the committee and the 


record of its recommendations dealing 
with standards. Dividing the Proceedings 
according to materials would also be 
difficult and if carried into too detailed a 
breakdown would result in such limited 
editions of each as to be uneconomical. 
In order to secure some idea of the in- 
terest in the Proceedings, they are being 
published in the same manner as hereto- 
fore but with selective distribution so 
that each member will need to request a 
copy if interested in receiving it. 


1955 Year Book: 


Also as an economy measure, since the 
Year Book has been increasing so greatly 
in size due to the increase in the member- 
ship list and more particularly in the 
committee personnel, a number of items 
heretofore appearing in the Year Book 
have been eliminated, as for example the 
geographical distribution, the regulations 
governing technical committee, the regu- 
lations governing the Board of Directors, 
etc. The regulations are available sepa- 
rately. A considerable saving in size was 
effected in this way. The Year Book, 
however, will need to be given further 
study in the committee. Perhaps the 
more essential information concerning 
the committee personnel could be given 
more effectively without any increase in 
size. 


Other Publications: 


In addition to the Book of Standards, 
a number of compilations of standards 
were issued as indicated below. In so far 
as possible, these compilations were made 
as overruns, either in part or in substan- 
tial entirety, of the Book of Standards, 
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which accounts for the special pagination 
in these compilations. This naturaily 
effects considerable economy in the 
productions of these books. The ap- 
pearance of the annual Proceedings was 
somewhat delayed in deference to con- 
centration on the publication of the Book 
of Standards, but the Proceedings have 
been completed and are now in press as 
well as a large number of special techni- 
cal publications covering the various 
symposiums held at the 1955 Annual 
Meeting. It is expected that all of these 
will be available before the current an- 
nual meeting. The special volume cover- 
ing the Significance of Tests of Concrete 
and Concrete Aggregates referred to in 
last year’s report, comprises some 390 
pages and became available in the fall of 
the year. Other special publications were 
issued as listed below. . 


= 


Presentation of Papers: 


For the past few years, an effort has 
been made to improve the character of 
the presentation of papers. A means of 
rating presentations has been set up 
which, on a trial basis, has proved suc- 
cessful. The rating scheme is one in which 
reporters at each of the sessions, by 
means of check marks and one-word 
replies, complete a comprehensive state- 
ment on items usually concerned with 
effective presentation. From these the 
nature of the presentation can be judged 
by a reviewing committee. The scheme 
has already been effective in enlisting 
the interest of authors in making better 
presentations, and considerable interest 
has also been aroused in other quarters 
on the efforts that the Papers Committee 
is making. The feasibility and value of 
the plan was amply demonstrated, so 
this year recognition is being made of the 
best presentations at the 1955 Annual 
Meeting. 


RECORD OF PUBLICATIONS IssUED 
Tus YEAR 


Regular Publications: 


1955 Proceedings, 1250 pp., 6500 copies. 
1955 Book of Standards 
Part 1, 1836 pp., 19,500 copies. 
Part 2, 1516 pp., 15,4C0 copies. 
Part 3, 2062 pp., 13,000 copies. 
Part 4, 1426 pp., 10,400 copies. 
Part 5, 1494 pp., 10,6C0 copies. 
Part 6, 1776 pp., 10,800 copies. 
Part 7, 1642 pp., 10,4C0 copies. 
1955 Year Book, 629 pp., 5750 copies. 
1955 Index to Standards, 216 pp., 23,000 copies. 
ASTM BuL etm, 8 issues (May 1955 to April 
1956) total number of pages 808, average 
number of copies 13,400 (244 pages of tech- 
nical papers). 


A statement of the volume of the 
principal publications for the past four 
years is given below: 


1952 | 1953 | 1954 1955 
to to to to 
1953 1954 1955 1956 
Pages ‘iene Pages | Pages 
Proceedings....... 1335 1209) 1425; 1250 
Book of ASTM 
Standards....... 9976 ...{ll 752 
Supplements to | | 
Book of Standards... .| 2099) 2746! 
ASTM Methods of | 
Chemical Analy- 
sis of Metals..... 
Index to ASTM 
Standards....... 300 300 306 216 
5... 632 644 672| 620 
Special Technical 
Publications. .... 1606) 2604 2101) 3018 
Other Special Pub- | 
Heations.........] 1182; 938, 46) 964 
ASTM Bvtietix..| 716, 724) 792) 808 
Totals.......... 15 747, 8518) 8088 18 506 


Special Compilations of Standards Pub- 
lished from April 15, 1955 to April 15, 
1956: 


Specifications for Steel Piping Materials (A-1), 
435 pp., 3000 copies. 

Standards on Metallic Electric 

(B-1), 308 pp., 800 copies. 


Conductors 
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Standards on Copper and Copper Alloys (B-5), 
656 pp., 1500 copies. 

Standards on Light Metals and Alloys (B-7), 291 
pp., 800 copies. 

Standards on Electrodeposited Metallic Coat- 
ings (B-8), 103 pp., 5000 copies. 

Standards on Cement (C-1), 278 pp., 2500 copies. 

Standards on Mineral Aggregates, Concrete and 
Nonbituminous Highway Materials (C-9, 
D-4), 360 pp., 2600 copies. 

Standards on Glass and Glass Products (C-14), 
136 pp., 1000 copies. 

Standards on Petroleum Products and Lubri- 
cants (D-2), 984 pp., 7000 copies. 

Standards on Bituminous Materials for Highway 
Constructicns, Waterproofing and Roofing 
(D-4, D-8), 459 pp., 1700 copies. 

Standards on Papers, Paper Products and Ship- 
ping Containers (D-6, D-10), 401 pp., 1500 
copies. 

Standards on Soaps and Other Detergents 
(D-12), 175 pp., 1000 copies. 

Standards on Textile Materials (D-13), 788 pp., 
1600 copies. 

Standards on Plastics (D-120), 808 pp., 2000 
copies. 

Standards in Building Codes, 964 pp., 2700 
copies. 


Special Compilations in Prospect: 


Standards on Electrical Insulating Materials 
(D-9), 659 pp., 1000 copies. 

Standards on Rubber and Rubber-Like Ma- 
terials (D-11), 760 pp., 2400 copies. 


Special Publications Issued: 


Summary of Proceedings of the Fifty-eighth 
Annual Meeting, 38 pp., 8700 copies. 

1955 Gillett Lecture, “Powder Metallurgy,” by 
V. F. Lenel, 38 pp., 2500 copies. 

1955 Edgar Marburg Lecture, “A Technology 
for the Analysis, Design, and Use of Textile 
Structures as Engineering Materials,” by 
Walter J. Hamburger, 60 pp., 2500 copies. 

Symposium on Coal Sampling (STP 162), 158 
pp., 2000 copies. 

Symposium on Permeability of Soils (STP 163), 
142 pp., 2000 copies. 

Symposium on Methods of Testing Building 
Constructions (STP 166), 138 pp., 2000 copies. 

ASTM Viscosity Indices Tables Calculated from 
Kinematic Viscosity (STP 168), 832 pp., 3000 
copies. 

Significance of Tests of Concrete and Concrete 
Aggregates (STP 169), 391 pp., 4000 copies. 

Chemical Compositions and Rupture Strengths 


AND PUBLICATIONS 


of Super-Strength Alloys (STP 170), 5 pp., 
2000 copies. 

Symposium on Basic Effects of Environment a 
Strength, Scaling, and Embrittlement of 
Metals at Elevated Temperatures (STP 171), 
120 pp., 2500 copies. : 

Kibliographical Abstracts on Redeposition of _ 
Soil on Cotton Fabrics (STP 173), 32 in 
2500 copies. 

Symposium on Metallic Materials for Service at 
Temperatures Above 1600 F (STP 174), 196 
pp., 3000 copies. 

Bibliographical Abstracts on Evaluation of 
Brightening Agents for Detergent Usage 
(STP 177) 13 pp., 2000 copies. 

Panel Discussion on Pyrometric Practices (STP 
178), 48 pp., 3000 copies. 

The Elevated Temperature Properties of Carbon 
Steels (STP 180), 67 pp., 2500 copies. 

Determination of the Shear Stability of Non- 
Newtonian Liquids by Neal D. Lawson (STP 
182), 15 pp., 2500 copies. 

The Mechanical Properties of Wrought Phosphor 
Bronze Alloys by G. R. Gohn, J. P. Guerard 
and H. S. Freynik (STP 183), 118 pp., 3800 
copies (1500 fcr Bell Laboratories and 300 for 
Riverside Metal Co.) 

Bibliography of Fatigue References (STP 9 F), 
29 pp., 500 copies. 

Cumulative, Alphabetical and Grouped Numeri- 
cal Index of X-ray Diffraction Data (STP 
48 E), 716 pp., 1000 copies. 

Bibliography on Electrical Contacts (STP 56-1), 


46 pp., 1200 copies. 


Report on Standard Samples and Related Ma- 
terials for Spectrochemical Analysis (STP 
58 C), 100 pp., 3000 copies. 

Symposium on Evaluation of Insulating Oils— 
European Developments (STP 172), 78 pp., 
2000 copies. 

Symposium on Atmospheric Corrosion of Non- 
Ferrous Metals (STP 175), 158 pp., 3000 copies. 

Symposium on Impact Testing (STP 176), 190 
pp., 3000 copies. 

Symposium on High Purity Water Corrosion 
(STP 179), 64 pp., 3000 copies. 

Survey of Copper Base Alloys (DP-7)(STP 181), 
250 pp., 2500 copies. 

Glossary of Terms—Rubber and Rubber-Like 
Materials (STP 184), 128 pp., 2000 copies. 
Symposium on Speed of Testing (STP 185), 134 

pp., 2000 copies. 

Methods for Reducing the Effect of Barometric 
Pressure in Measurement of Octane Number, 


Special Publications in Prospect: 
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by Bruno R. Siegel (STP 186), 32 pp., 2000 ASTM Manual of Engine Test Methods for 

copies. Rating Fuels, 192 pp., 2500 copies. 
Relaxation Properties of Steels and Super- Selected Engineering Materials Standards of the 

Strength Alloys at Elevated Temperatures ASTM, 476 pp., 10,000 copies. 

(STP 187), 96 pp., 2500 copies. ‘ : 
Symposium on Minimum Property Values of Respectfully submitted on behalf of 

Insulating Materials (STP 188), 75 pp., 2000 the committee, 

copies. 
Significance of Tests of Petroleum Products and CR EL HEss, 

Lubricants, 134 pp., 6000 copies. Chairman. 
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APPENDIX V 


REPORT OF ADMINISTRATIVE COMMITTEE ON DISTRICT ACTIVITIES 


During the June 1955-June 1956 
period, 14 ASTM Districts sponsored 
24 district meetings. In addition, five 
meetings were held in various cities in 
the Northwest part of the United States. 
This area may eventually be made a 
formal district. At these five meetings, 
President Fellows gave his regular dis- 
trict address. There was one addi- 
tional meeting—a_ special luncheon 
meeting held in Toronto—which was at- 
tended by the President and Executive 
Secretary. The Philadelphia District 
Council acted as hosts for the 58th An- 
nual Meeting, planning the ladies’ enter- 
tainment, handling details of the meet- 
ing, and underwriting the entertainment 
program. 

In connection with national meetings, 
the Philadelphia District is arranging for 
the ladies’ program and the details of the 
dinner and entertainment for the Annual 
Meeting to be held in Atlantic City this 
year. The Northern and Southern Cali- 
fornia Districts are sponsoring the pro- 
gram and handling details of some of the 
special features for the Second Pacific 
Area National Meeting to be held in 
September of this year. 

The increased enthusiasm among dis- 
tricts with respect to sponsorship of 
student membership prize awards is par- 
ticularly noteworthy. The Philadelphia 
District acted as host for a number of the 
29 recipients in that area. The Cleveland 
District had 14 (out of 21) students as 


guests at a dinner meeting and the Pitts- 
burgh District invited the eight student 
membership prize recipients from the — 
Pittsburgh area to their social evening 
held in honor of President Fellows. The 
Detroit District is also awarding eight 
memberships, and Southern California 
is sponsoring 21 awards in addition to 
another 28 sponsored by ASTM mem- 
bers in that area. Other districts are con- 
sidering sponsoring this type of activity. 

President Fellows presented his dis- 
trict address, “Research in the Electric 
Power Industry (Generation—Transmis- 


' sion—Distribution),” 15 times. Ten of 


the meetings were district meetings, 
and the other five were held in Salt Lake 
City, Utah; Richland, Wash.; Spokane, 
Wash.; Portland, Ore.; and Vancouver, 
B.C. New areas were host this year to 
the President, including New Orleans 
(Southwest District), Salt Lake City, 
and Vancouver. A number of the meet- 
ings were sponsored solely by ASTM, but 
the majority were cooperative undertak- 
ings between ASTM and groups such as 
ATEE, ASME, ASM, ACS, AIChE, and 
Western Society of Engineers. 

President Fellows’ address was de- 
voted to the current aspects of research 
in the electric power industry—particu- 
larly in his own company—and included 
the latest developments on high-voltage 
aluminum cable; wood preservation— 
poles, cross arms, etc.; corrosion—espe- 
cially galvanized steel tower transmis- 
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sion; tree growth control; fish fences; 
insulating oils; hydrocarbons—fundamen- 
tal research aspects; and nuclear power. 
Dr. Fritz V. Lenel, 1955 Gillett Mem- 
orial Lecturer, made a West Coast trip, 
speaking in Chicago, St. Louis, Los An- 
geles, San Francisco, and Dallas. He 
presented an abridged version of his lec- 
ture on “Powder Metallurgy—Now.” 
Several of the districts have developed 
their technical programs in a most in- 
teresting manner. The New England 
District has for the past several years 
held its Spring Meeting at one of the col- 
leges or universities in the area, usually 
with a tour of the engineering facilities 
in the afternoon and a dinner meeting. 
The meeting this year was held at the 
University of Massachusetts. The New 
York District is following the practice of 
having a particular company in the area 
present the program, such as the meet- 
ing on January 11 entitled, “A Night 
With Bell Telephone Laboratories.” 
The Administrative Committee on 
District Activities again sponsored a 
breakfast meeting to which district 
council officers or their representatives 
were invited. These meetings have been 
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quite helpful, serving as a means for in- 
terchange of information and ideas for 
promotion of the Society and its activi- 
ties. 

In addition to the sponsoring of tech- 
nical sessions, various districts of the 
Society have been active in sponsoring 
student membership prize awards, par- 
ticipation in such activities as science 
fairs and local engineering councils, and 
cooperation with the Society’s advisory 
Committee on Corrosion. 

The ACDA held one meeting last year 
on June 28, 1955, during the Annual 
Meeting. Messrs. E. K. Spring, C. M. 
Gambril!, and H. P. Hagedorn was ap- 
pointed to the committee for three-year 
terms. There was some discussion of the 
possibility of the formation of a Cana- 
dian District, and the committee went 
on record as favoring the establishment 
of a separate district in the Ontario area. 


Respectfully submitted on behalf of 
the committee, 
C. M. GAMBRILL, 
Chairman. 
J. S. PETTIBONE, 
Secretary. 
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REPORT OF THE ADMINISTRATIVE COMMITTEE ON 


APPENDIX VI 


SIMULATED SERVICE TESTING 


The committee has not held a meeting 
yet this year, but is actively engaged in 
pursuing two of the activities which were 
of prime interest at the last ACSST 
meeting. 

The first of these has to do with Society 
activities in the field of gasket materials, 
where it is the feeling of the members of 
the Administrative Committee that a 
much more coordinated and extensive 
effort should be made on gasket ma- 
terials in classification (particularly on 
end-use basis), test methods, and specifi- 
cations. The ASTM staff has been acting 
as liaison between the Administrative 
Committee and Committee D-11 in this 
connection, and the committee is now 
awaiting indications from Committee 
D-11 as to whether or not that group is 
prepared to enlarge the scope of its 
gasket activities to encompass the wide 
array of such materials included in 
ASTM interests. 

At the request of the ACSST, Commit- 
tee E-4 on Metallography has contacted 
all of the metals committees of the 
society concerning the question of the 
desirability of ASTM standards of 
macro-structures (by macro-etch test- 
ing). As of the time of this report, Com- 
mittee E-4 has received answers from 
nearly all of the metals committees, and 
of the eight replies which show that the 
particular technical committee does have 
an interest in such tests, six were in 


two which had interests but were not in 
favor of such standards, one indicated 
that the decision was based on the 
thought that the problem was too ex- 
tensive in the numbers of structures 
that would have to be shown. 
Another phase of ACSST interests 
was exemplified by the discussions perti- — 
nent to the testing interests of airframe 
manufacturers wherein it was disclosed 
that the results of high-temperature tests _ 
in which they are interested must simu- 


late actual service requirements in that 


favor of having such standards. Of the 


the principal consideration must be the 
total deformation under creep conditions 
rather than the minimum creep rate 
that is conventionally reported as the 
result of creep testing. Recommenda- — 
tions for the consideration of such 
data collecting are to be passed on to the 
Joint Committee on Effect of Tempera- 
ture. 

Discussion was held at the last meet- 
ing concerning the recently formed In- 
stitute of Environmental Equipment 
Manufacturers. The committee has kept q 
in touch with their activities throughout 
the year. 


Respectfully submitted on behalf of © 
the committee, 
L. L. Wyman, 
Chairman, 
R. E. Hess, 
Secretary. 
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REPORT OF COMMITTEE A-1 


ON 


STEEL* 


With all the actions on standards 
recommended by a large committee 
throughout a year’s activity, it is dif- 
ficult to single out those of most im- 
portance. However, it appears as though 
the promulgation of the Tentative Spec- 
ifications for Galvanized Steel Trans- 
mission Tower Bolts (A 394 - 55 T)! was 
the highspot of the 1955-56 year. After 
many drafts, which attempted to resolve 
conflicting views, the recommendation 
was finally submitted to the Administra- 
tive Committee on Standards and ap- 
proved for publication on September 
15, 1955. 

A second development which has re- 
ceived much attention even before pub- 
lication is the proposed Tentative Rec- 
ommended Practice for Selection of Steel 
Bar Compositions According to Sec- 
tion.? Many letters have been received 
from interested parties in this country 
and abroad requesting draft copies for 
use prior to publication. 

Meetings—Committee A-1 met on 
June 29, 1955, in Atlantic City, N. J., 
in conjunction with the 1955 Annual 
Meeting of the Society. On June 27 and 
28, eighteen subcommittees, sections, 
and task groups convened to prepare 
proposals for committee action. 

Approximately 250 Committee .A\-1 
members met on January 30 and 31 
and February 1, 1956, in Pittsburgh, 
Pa. Twenty subcommittees, sections, 

* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. 

' 1955 Book of ASTM Standards, Part 1. 


2 The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 1. 


and task groups met on January 30 and 
31 to prepare reports for the committee 
meeting on February 1. 

Personnel.—The committee consists of 
307 voting members, including 138 pro- 
ducers, 127 consumers, and 42 general 
interest members. 

Nine men were appointed to special 
two-year terms on the Advisory Com- 
mittee in recognition of their valuable 
service to the committee. These were 
C. J. Boyle, General Electric Co.; H. F. 
Brown, Esso Research and Engineering 
Co.; F. E. Foster, Riley Stoker Corp.; 
M. D. Helfrick, Western Electric Co.; 
J. E. Lattan, Taylor Forge and Pipe 
Works; J. G. Morrow, Steel Co. of 
Canada; M. A. Pinney, Pennsylvania 
Railroad Co.; E. J. Ruble, Assoc. of 
American Railroads; and A. P. Spooner, 
Bethlehem Steel Co. 

C. B. Bryant, Chairman of Subcom- 
mittee VII on Rolled Steel Wheels and 
Steel Tires, has announced his retire- 
ment as Chief Engineer of the Technical 
Board of the Wrought Steel Wheel In- 
dustry. P. A. Archibald, Standard Steel 
Works Division, Baldwin-Lima-Hamil- 
ton Corp., has been appointed as the 
new chairman of Subcommittee VII. 

F. H. Pennell, DeLaval Steam Turbine 
Co., has replaced T. W. Merrill, Va- 
nadium Corp. of America, as secretary 
of Subcommittee VI on Steel Forgings 
and Billets. J. E. Lattan, Taylor Forge 
and Pipe Works, was appointed chairman 
of the Section on Forgings of Subcom- 
mittee XXII to replace F. S. G. Williams 
of the same company. os 
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On STEEL 


The committee sustained a great loss 
through the death of ~. E. Loos, U. S. 
Steel Corp., on July 30, 1955. Mr. Loos 
had served as chairman of Subcommittee 
II on Structural Steel for seven years 
and was a vice chairman of the com- 
mittee. At the 1955 Annual Meeting he 
was honored with an ASTM Award 
of Merit in recognition of his “significant 
leadership in improving specification re- 
quirements for structural steel.” J. R. 
LeCron, Bethlehem Steel Co., was ap- 
pointed the new chairman of Subcom- 
mittee IT. 

We record, with regret, the death on 
May 13, 1955, of C. D. Young, past chair- 
man of the committee and past Presi- 
dent of ASTM. Mr. Young was chair- 
man from 1913 to 1918, and was an 
honorary member of the committee. 

Many other well-known presently 
active or past members of the com- 
mittee have died since the 1955 Report. 
These include J. W. Ames, A. B. Bagsar, 
H. J. French, H. H. Lester, G. A. Lillie- 
quist, F. S. Mapes, and A. D. Morris. 

A. B. Bagsar, retired Chief Metallurgi- 
cal Engineer, Sun Oil Co., was an out- 
standing authority in the application of 
metals to refinery operations. Joining 
the Society in 1923, he made many 
worthwhile contributions to the work of 
the committee, being a member since 
1933. 

H. J. French, Vice-President, The 
International Nickel Co., has been an 
active participant in ASTM committee 
work since 1929. Mr. French had an 
outstanding knowledge of physical metal- 
lurgy and received many honors during 
his life from technical societies. 

H. H. Lester, Principal Physicist, 
Watertown Arsenal, was an ASTM 
Honorary Member and a pioneer in the 
field on industrial radiography. Although 
primarily interested in nondestructive 
testing, Dr. Lester made important con- 
tributions to the committee. 


J. W. Ames, President, W. Ames and } 
Co., served on the committee and Sub- 
committee I on Steel Rails and Acces- . 
sories since 1944. G. A. Lilliequist, 
Research Director, American Steel 
Foundries, was known internationally _ 
for his contributions to the field of metal- 
lurgy, being a member of the committee _ 
and Subcommittees VIII, XXIV, and 
XXV since 1943. 

F. S. Mapes of the General Electric 
Co. was a testing expert, serving on Sub- 
committees XIII and XXVIII. A. D. | 
Morris, President, Bayonne Bolt Corp., 
was a well-known authority on bolting 


materials, serving on Subcommittees I, 
II, XXII and XXVI. 


Election of Officers——The officers 
elected for the ensuing term of two 
years were as follows: CS 
Chairman, W. F. Collins. 
Vice-Chairman, J. J. Kanter. 
Vice-Chairman, C. L. Clark. 
Secretary, H. L. Fry. 


RECOMMENDATIONS ACCEPTED BY THE 


COMMITTEE 
ON STANDARDS 

On August 31, 1955, the Administra- 
tive Committee on Standards accepted 
the recommendation to revise the Tenta- 
tive Specifications for Forged or Rolled 
Alloy Steel Pipe Flanges, Forged Fit- 
tings, and Valves and Parts for High 
Temperature Service (A 182 - 55 T). The 
revised specifications appear in the 1955 
Book of ASTM Standards, Part 1, bear- 
ing the designation indicated above. _ 

The Tentative Specifications for Gal- 
vanized Steel Transmission Tower Bolts 
(A394-55T) were accepted by the 
Administrative Committee on Standards 
on September 15, 1955, and appear in 
the 1955 Book of ASTM Standards, 
Part 1. 

Also on September 15, 1955, the 
Administrative Committee accepted the 
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recommendation to withdraw Emergency 
Alternate Provisions EA — A 26 and to 
revise Emergency Alternate Provisions 
EA — A329. The revision of EA - A 329 
appears in the 1955 Book of ASTM 
Standards, Part 1, as EA — A 329a. 

On May 2, 1956, the Administra- 
tive Committee accepted the following 
recommendations: 


Revision of Tentative Specifications for: 

Billet-Steel Bars for Concrete Reinforcement 
(A 15-56 T), 

Welded Steel Wire Fabric for Concrete Rein- 
forcement (A 185 — 56 T), 

Minimum Requirements for the Deformations 
of Deformed Steel Bars for Concrete, and 
Reinforcement (A 305 — 56 T). 

Withdrawal of Standard Specifications for: 

Welded Steel Wire Fabric for Concrete Rein- 
forcement (A 185 —- 37). 


RECOMMENDATIONS AFFECTING 
STANDARDS 

The committee is presenting for pub- 
lication 7 new tentatives and is recom- 
mending the revision of 27 tentatives 
and 7 standards and the adoption as 
standard of 14 tentatives. In addition, 
one standard is recommended for re- 
version to tentative with revision, one 
standard and one tentative are being 
withdrawn, and seven standards are 
being reaffirmed. 

The standards and tentatives affected, 
together with the revisions recommended, 
are given in detail in the Appendix.’ 


The recommendations in the report 
have been submitted to letter ballot of 
the committee, the results of which will 


be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Only highlights of the many current 
subcommittee activities will be covered 
in the following paragraphs: 

3 See p. 112. 

* The letter ballot vote on these recommen- 


dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 


Subcommittee II on Structural Steel 
is drafting a specification for high- 
strength steel for structural purposes. 
This has been requested by the American 
Railway Engineering Assn. Committee 
15 on Iron and Steel Structure. 

Subcommittee VI on Steel Forgings 
and Billets is continuing discussions in 
two special task groups on (1) hydrogen 
in steel forging, and (2) tests and criteria 
for judging the sensitivity of heavy rotor 
forgings to fracture. The first task group 
has completed the preparation of a pro- 
posed method of sampling steel forgings 
for hydrogen content. Members of the 
latter task group presented papers at an 
ASME session in Chicago in December, 
1955. An extensive research program on 
brittle failure has been initiated. 

With the publication of the Tentative 
Method for Dry Powder Magnetic 
Particle Inspection (E 109-55 T), the 
withdrawal of the Tentative Method of 
Magnetic Particle Testing and Inspection 
of Heavy Steel Forgings (A 272 - 44 T) 
is under consideration. If withdrawn, 
casting specifications A 27, A 148, A 216, 
A 217, A 351, A 353, A 356, and A 389 
would be revised to refer to Method 
E 109 in place of Method A 272. 

Two important subjects continue to 
be discussed in Subcommittee XI on 
Steel for Boilers and Pressure Vessels. 
These include requirements for carbon 
steel plates to resist graphitization at 
elevated temperatures and limits for 
residual alloys in plate steel. Also in the 
field of flat products, Subcommittee 
XIX has nearly reached agreement on a 
proposed specification for hot-rolled 
commercial quality steel sheets. 

If the revision of chemical require- 
ments for type 347 steel and the addition 
of type 348 steel to Specifications A 269 
and A 271, as outlined in the Appendix, 
is approved by the Society, the Emer- 
gency Alternate Provisions EA — A 269a 
and EA-A27la will no longer be 
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needed and these will be withdrawn. 
Similarly, if the proposed revision of 
the manganese content in Specifications 
A 26 for Steel Tires is approved, Emer- 
gency Alternate Provisions EA — A 329a 
will also be withdrawn. This will elim- 
inate the last of the Emergency Alternate 
Provisions requested by the committee 
during the last War Emergency. 
Subcommittee XXVII on Steel Chain 
along with Committee A-2 on Wrought 
Iron is considering the withdrawal of 
Specifications A 56-39 for Iron and 
Steel Chain (which falls under the joint 
jurisdiction of Committees A-1 and 
A-2). The subcommittee proposes to 
write a new specification covering carbon 
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Withdrawal of Emergency Alternate Provisions for: 4 


Heat-Treated Steel Tires (EA — A 329), 


Seamless and Welded Austenitic Stainless Steel Tubing 


On STEEL 


Subsequent to the Annual Meeting, Committee A-1 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


steel chain of three strength levels. 
Likewise Committee A-2 would write a 
new specification covering wrought iron 
chain. 


This report has been submitted to 
letter ballot of the comemitte, which 
consists of 307 members; 198 membe 
returned their ballots, all o of f whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. B. OATLEy, 
H. L. Fry, 
Secretary. 


for General Service 


(EA - A 269) (Jointly with Committee A-10), 

Seamless Austenitic Chromium-Nickel Steel Still Tubes for Refinery Service 
(EA - A 271) (Jointly with Committee A-10), and 

Seamless and Welded Austenitic Stainless Steel Pipe (EA — A 312) (Jointly with Com- 


mittee A-10). 


These recommendations were accepted by the Standards Committee on November 


21, 1956. 
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APPENDIX 


PROPOSED RECOMMENDATIONS AFFECTING STANDARDS 


In this Appendix recommendations 
are given affecting certain specifications, 
both standard and tentative, covering 
various steel products. The specifications 
appear in their present form in the 1955 
Book of ASTM Standards, Part 1. 


ON STEEL 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following 26 Specifications be revised as 
indicated and continued as tentative: 


TABLE I.—PERMISSIBLE VARIATIONS IN LENGTH FOR STANDARD 
STRUCTURAL SECTIONS. 
(Revision of Table XXIII of A 6 — 54 T) 


Variations from Specified Length for Lengths Given, in. 


To 30 ft Over 30 to 40 | Over 40 to 50 | Over 50 to 65 
incl ft, incl | t, incl ft, incl Over 65 ft 
-_ Over | Under | Over | Under | Over | Under | Over | Under | Over | Under 


NEw TENTATIVES 


The committee recommends that the 
following specifications and recom- 
mended practice be accepted for publica- 
tion as tentative as appended hereto:! 


Tentative Specifications for: 

Chromium-Silicon Steel Valve Spring Quality 
Wire, 

Chromium-Silicon Steel Spring Wire, 

High Tensile Strength Carbon-Manganese 
Steel Plates for Unfired Pressure Vessels, 
Factory-Made Wrought Austenitic Steel Weld- 

ing Fittings, 

Forged or Rolled Alloy Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
Specially Heat Treated for High Tempera- 
ture Service, and 

Seamless Ferritic Alloy Steel Pipe Specially 
Heat Treated for High Temperature Service. 


Tentative Recommended Practice for: 


The Selection of Steel Bar Compositions 
According to Section. 


1 The new tentatives appear in the 1956 
Supplement to Book of ASTM Standards, Part 
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Tentative Specification for General Re- 
quirements for Delivery of Rolled 
Steel Plates, Shapes, Sheet Piling, and 
Bars for Structural Use (A 6-54 T): 


Section 9 (a).—Change the limiting 
thickness for individual marking for 
steel plates from the present “35 in.”’ to 
be “2 in.” and add a footnote referenced 
after “3 in.” to read: “For material 
specified for bridge construction the 
limiting thickness of plates to be indi- 
rye! identified shall be 3°5 in. instead 
of 2 

re able XXIII.—Revise to read as 
shown in the accompanying Table I. 


Tentative Specification for Steel for 
Bridges and Buildings (A 7 —- 55 T): 


Section 4.—Change the section title 
to read “Bearing Plates and Anchor 
Bolts” and add a new Paragraph (c) to 
read ‘Unless otherwise specified, all 
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plain and threaded bars used for an- 
chorage purposes shall be subjected to 
mechanical tests and shall conform to 
the tensile requirements of Section 7; 
headed bolts used for anchorage pur- 
poses, and all nuts, shall conform to the 
requirements of Specification A 307.” 
Section 6.—Add a new Paragraph (d) 
to read ‘“‘When tension tests are waived 
in accordance with Section 7 (6), chemis- 
try consistent with the mechanical 
properties desired must be applied.” 
Section 7.—Change Paragraph (b) to 
read: ‘‘Shapes less than 1 sq in. in cross- 
section, and bars, other than flats, less 
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shall be not less than 15 per cent of the 
outside diameter of the tubing.” 


Tentative Specifications for Electric- 7 
Fusion-Welded Steel Pipe for High- 
Temperature Service (A 155-55 T): 


to read ‘‘Transverse Guided Weld Bend 
Tests” and revise the text to read as © 
follows: 


Section 8.—Change the section nd 


8. (a) Two bend test specimens shall be 
taken transversely from the pipe. One shall be 
subject to a face guided bend test and the 
second to a root guided bend test. These speci- 


min 
Civ’ 


Root Bend Specimen 


Pipe Wall Thickness (#), in. 


Test Specimen 
Thickness, in. 


Up to %, incl......... 


Fic. 1.—Transverse Face-and Root-Bend Test Specimens. 


than 3 in. in thickness or diameter need 
not be subjected to tension tests by the 
manufacturer.” 


Tentative Specifications for Seamless 
Steel Boiler Tubes (A 83 - 55 T): 


Section 6.—In the table at the end of 
Paragraph (a), in the column listing out- 
side diameter of tube, change the present 
“21 and under” to read “Over 2? to 
23 in.” 

Add a new sentence to Paragraph (a) 
to read “For tubing ? in. and less in 
outside diameter the width of the flange 


mens shall be approximately 1}-in. wide, at 
least 6 in. in length with the weld in the center 
and shall be machined in accordance with 
Fig. 1 (accompanying Fig. 1). One specimen 
shall be bent with the inside surface of the pipe 
against the plunger, and the other with the 
outside surface against the plunger. The dimen- 
sions of the plunger and the bending jig shall 
be in accordance with Fig. 2 (accompanying 
Fig. 2). 

“iy The bend test shall be acceptable if no 
cracks or other defects exceeding } in. in any 
direction be present in the weld metal or be- 
tween the weld and the pipe metal after bend- 
ing. Cracks which originate along the edges of 
the specimen during testing, and that are less 
than } in. measured in any direction shall not 7 
be considered. 
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Section 10 (a).—Revise the first sen- 
tence to read “One transverse tension 
test (Section 7 (b)) and two transverse 
guided weld bend tests (Section 8) shall 
be made to represent each lot of pipe.” 

New Figures.—Add new Figs. 1 and 2 


Tapped Hole to Suit 
Testing Machine 


As Required 


REPORT OF COMMITTEE A-1 (APPENDIX) 


Exchanger and Condenser Tubes 
(A 179-55 T): 


Section 7.—In Paragraph (0) add a new 
sentence to read “For tubing ? in. and 
less in outside diameter the width of the 


Hardened Rollers, | 1/2" diam 
may be Substituted for 
Jig Shoulders 


3/4" Shoulders Hardened | 
ond Greased <A> 
1 178" 
ad 
1/4 <- | 
3 min 
3/4 ; A 
3/4" L 
Yoke 
3 7/8" 
9" > 
Thickness of | A, | B, c. D 
Specimen in. | in. in. in 
3g in....... 14) 34) 23 
4t 6 +46 3t+ Ke 


Fic. 2.—Guided-Bend Test Jig. 


as shown in the accompanying Figs. 
1 and 2. 


Tentative Specifications for Electric- 
Resistance-Welded Steel and Open- 
| Heart Iron Boiler Tubes (A 
178 — 55 T): 


Section 7.—Revise as indicated above 
for Section 6 (a) in Specifications A 83. 


Tentative Specifications for Seamless 
Cold-Drawn Low-Carbon Steel Heat- 


flange shall be not less than 15 per cent 
of the outside diameter of the tubing.” 


Tentative Specifications for Forged or 
Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
for High-Temperature Service (A 
182 - 55 T): 


Table I.—Change the chemical re- 
quirements for grade F 347 and add a 
new grade F 348 to read as shown in the 
accompanying Table II for types 347 and 
348 steels. 
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Tentative Specifications for Alloy-Steel 
Bolting Materials for High-Tempera- 
ture Service (A 193 - 55 T): 


Section 1.—In Note 2 omit the follow- 
ing sentence “Upon agreement between 
the manufacturer and the purchaser, 
other grades of material may be em- 


TABLE II.—CHEMICAL REQUIREMENTS. 


(Revision of Chemical Requirements in A 213, 
A 249, A 269, A 271, A312, and A 376) 


Type 347 | Type 348 
Carbon, max, percent...| 0.08 0.08 
Manganese, max, per 
Phosphorus, max, per 
0.030 0.030 
Sulfur, max, per cent..... 0.030 0.030 
Silicon, max, percent....| 1.00 1.00 
Chromium, per cent..... 17.00 to | 17.00 to 
20.00 20.00 
Nickel, per cent.........| 9.00 to | 9.00 to 
13.00 13.00 
Columbium plus tanta- 
lum, per cent.........| 10 X C, | 10 XC, 
min min 
1.0 max | 1.0 max 
Tantalum, max, per cent. aye 0.10 


ployed, provided they otherwise conform 
to the requirements of these specifica- 
tions.” 

Table [—For grades B7A and B16 
change the required molybdenum con- 
tents to read “0.50 to 0.65” per cent. 
For grade B16 change the required 
carbon content to read “0.36 to 0.44” 
per cent and the required manganese 
content to read “0.45 to 0.70” per cent. 

Also change the chemical requirements 
for grades B5, B6, B8, B8C, B8T, and 
B8F and add a new grade B8D covering 
type 348 to read as shown in the ac- 
companying Table III. 


Tentative Specifications for Carbon and 
Alloy Steel Nuts for Bolts for High- 
Pressure and High-Temperature Serv- 
ice (A 194-55 T): 


Table J —Change the chemical require- 
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ments for grades 3, 6, 8, 8C, 8T, and 
8F and add a new grade 8D covering 
type 348 as shown in the accompanying 
Table III. 

Sections 9 and 10.—Replace with the 
following new Section 9, entitled “Cone 
Stripping Test,” renumbering subse- 
quent sections accordingly. 


9. The purpose of this test is to detect the 
presence of detrimental defects. The use of the 
conical washer described in Fig. 1 (accompany- 
ing Fig. 3) exaggerates the effect of such defects 
by introducing a simultaneous dilation and 
stripping action on the nut. The test shall con- 
sist of assembling the hardened washer and 
the nut on a hardened stud and applying the 
stripping proof load specified in Table III 
(accompanying Table IV) (see Fig. 2) (accom- 
panying Fig. 4). The nuts shall be considered 
acceptable if the stripping load exceeds this 
proof load. 


New Table.—Add a new Table III to - 
read as shown in the accompanying 
Table IV, renumbering subsequent tables 
accordingly. 

New Figures.—Add new Figs. 1 and 2 
as shown in the accompanying Figs. 3 


and 4. 
Figure 1.—Delete this figure. 


Tentative Specifications for Seamless 
Cold-Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Coudenser 
Tubes (A 199-55 T): 


Section 9.—Revise Paragraph (b) as 
described above for Section 7 (6) in 
Specifications A 179. 


Tentative Specifications for Seamless 
Alloy Steel Boiler, Superheater, and 
Heat-Exchanger Tubes(A 213 - 55 T): 
Table I.—Add new grade T2 with the 

following chemical requirements: 


Carbon, per cent............. 0.10 to 0.20 
Manganese, percent.......... 0.30 to 0.61 
Phosphorus, max, per cent..... 0.045 

Sulfur, max, percent......... 0.045 

Silicon, per cent.............. 0.10 to 0.30 
Chromium, percent.......... 0.50 to 0.81 
Molybdenum, per cent........ 0.44 to 0.65 
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Table II.—Change the chemical re- 
quirements for grade TP 347 and add a 
new grade TP 348 as shown in the ac- 
companying Table II for types 347 
and 348 steels. 

Table II I.--For ferritic steel, change 
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the carbon and manganese requirements 
to read as follows: 


Carbon, max, per cent................. 0.30 
Manganese, max, per cent.............. 


Section 10.—Change the first sentence 
in Paragraph (6) to read as follows, 


Nominal diameter 


of stud +0.002" 
tolerance 


Finely ground surface finish 


££ Contact point of cone to be sharp for nut sizes 
1/2" and less. For sizes over 1/2" this point 
shall be flot and 0.015" +O0.00!" in width > 
Hardness 57 Rockwell C minimum 
Specified tolerance for dimensions must be met 
for consistent results 


Fic. 3.—Hardened Steel Cone. 


tripping pressure 


steel stud 


Stripping pressure 


Fic. 4.—Application of Hardened Steel Cone to Testing of Nuts. ; 


the required minimum yield point from 
the present “25,000” to read “30,000” psi. 


Tentative Specifications for Electric- 
Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes 
A214-55T): 


Section 7.—-Revise as indicated above 
for Section 7 (6) in Specifications A 179. 


Tentative Specifications for Carbon- 
Steel Castings Suitable for Fusion 
Welding for High-Temperature Serv- 
ice (A 216-53 T): 


Section 5 (a).—For grade WCB revise 


deleting the present table for hydrostatic 
test pressures: 

Grade WCB castings shall be individually 
tested after machining to the hydrostatic shell 
test pressures prescribed in the American Stand- 
ard for Steel Pipe Flanges and Flanged Fittings 
(ASA No.: B 16.5—1953), for the applicable 
carbon steel rating for which the casting is 
designed and shall show no leaks. 


Tentative Specifications for Electric- 
Resistance-Welded Steel Boiler and 
Superheater Tubes for High-Pressure 
Service (A 226-55 T): 


Section 7.—Revise as indicated above 
for Section 6 (a) in Specifications A 83. 
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TABLE IV.—PROOF LOAD USING 120-DEG 
HARDENED STEEL CONE.* 


(New Table III of A 194 - 55 T) 


‘ore Proof Load, Ib 
sie | Clase 
a sqin. | Class1 | Class2 | 2H, 3, 
4, and 6 
20 0.0318; 3 800) 4 400) 5 150 
Ke 18 |0.0524) 6 150} 7 100) 8 300 
ee 16 |0.0775| 8 950) 10 300; 12 000 
14 |0.1063) 12 000) 13 850) 16 150 
13 |0.1419) 15 700; 18 100) 21 100 
Ke. 12 |0.182 | 19 650) 22 700) 26 500 
. 11 |0.226 | 23 900) 27 550) 32 150 
34.....| 10 |0.334 | 33 650) 38 850) 45 300 
| ee 9 |0.462 | 44 300) 51 100) 59 650 
8 |0.606 | 55 150) 63 650) 74 250 
.. 8 |0.790 | 68 000; 78 500} 91 600 
. 8 |1.000 | 81 250) 93 750/109 350 
8 |1.234 | 94 250,108 750/126 850 
8 |1.492 |106 700)123 100)193 600 


@ The proof load values are based on formula: 
conical washer proof load in pounds equals 
(1 — 0.30 nominal diameter of bolt) multi- 
plied by the straight proof test load value in 
psi and by mean area at bolt threads. This 
formula cannot be used for extrapolating values 
for sizes beyond the range listed in this table. 
The straight proof test load values are: 


grade 1.—130,000 psi; grade 2.—150,000 
psi; grade 2H, 3, 4, and 6.—175,000 psi. 


Mean thread area is based on A, = 3.1416 
(E _ 3H} 
2 16 
H = height of sharp thread. An alternate 


formula giving exactly the same results is A, 
2 
= 0.7854 — 99748) 


diameter of bolt, n = threads per inch. 


where E = basic pitch diameter, 


where D = nominal 


Tentative Specifications for Factory- 
Made Wrought Carbon Steel and 
Ferritic Alloy Steel Welding Fittings 
(A 234 - 52a T): 


Table I.—Add a new steel composi- 
tion “carbon steel, grade C,”’ identified as 
grade “WPC” and list as permissible 
raw material under pipe “A 106, grade 
C.” Add a footnote referenced to this 
new grade to read ‘“‘Grade WPC is a 
special product supplied only on agree- 
ment between the manufacturer and the 
purchaser.” 


Tentative Specifications for Welded 
Austenitic Stainless Steel Boiler, 
Superheater, Heat-Exchanger, and 
Condenser Tubes (A 249-55 T): 


Table I.—Revise the chemical re- 
quirements for grade TP 347 and add a 
new grade TP 348 as shown in the ac- 
companying Table II for types 347 and 
348 steels. 

Table II.Add a minimum yield 
point of 25,000 psi for new grades TP 
304 L and TP 316 L. 

Section 10—Change as_ indicated 
above for Section 7 (6) in Specifications 
A179. 


Tentative Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Pipe (A 312-55 T): 

Table I.—Revise as indicated above 

for Table I in Specifications A 249. 


Table II.—Revise as indicated above 
for Table II in Specifications A 249. 


Tentative Specifications for Alloy-Steel 
Bolting Materials for Low-Tempera- 
ture Service (A 320-55 T): 


Table I.—Revise the chemical re- 
quirements for grades B8, B8C, B8T, 
and B8F and add a new grade B8D 
covering type 348 steel as shown in the 
accompanying Table III. For grade L9, 
revise carbon and manganese require- 
ments to read as follows: 


Check 
Range 
or Under 
Carbon, percent... 0.36 to 0.44 0.02 
Manganese, per 
0.65 to 0.95 0.04 


Table II.—For grade L7, delete tensile 
requirements for sizes over 2} to 4 in., 
incl. 

Tentative Specifications for Heavy- 
Walled Carbon and Low Alloy Steel 
Castings for Steam Turbines (A 
356 — 52 T): 


Table I.—-For grade 10 change the 
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required chromium range from the 
re 2.00 to 2.50” to read ‘2.00 to 
2.75” per cent. 


_ Tentative Specification for 5 per cent 
Chromium, 0.5 per cent Molybdenum 
Steel Plates for Boilers and Other 
Pressure Vessels (A 357 — 54T): 


Section 1.—Delete the third sentence 
which limits the thickness to 2 in. 

Table II I.—Change the last listing of 
‘material thickness for bend requirements 
from the present “Over 3 to 2, incl” 
to read “Over 3.” 

Section 13 (a).—Add a sentence to 
read “Stencilling, in lieu of steel stamp- 
ing, is permissible when specified.” 

Table IV.—Change the last listing for 
specified thicknesses from the present 

“1 to 2, incl” to read “1 and over” in. 
Table VIII.—Change the last listing 
for specified thickness from the present 
“Over 13 to 2, incl” to read “13 to 4, 
excl” in. Add a new listing for specified 
thickness ‘4 to 6, excl” with permissible 
variations from a flat surface as follows: 


Permissible 
Surface, in. 
48 excl, to 60, excl.............. 3g 
%6 
5¢ 
120 to 144, excl................ 1 
144 and over........... 1% 


Tentative Specifications for Electric- 
Fusion-Welded Austenitic Chromium- 
Nickel Alloy Steel Pipe for High- 
Temperature Service (A 358 — 55 T): 


Table I.—Add a reference to type 348 
steel with a similar footnote as appears 
for types 309 and 310 steels. 

Section 8—Change to read as indi- 
cated above for Section 8 in Specifica- 
tions A 155. 


Section 10 (a).—Change to read as 
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indicated above for Section 10 (a) in 
Specifications A 155. 

New Figures.—Add new Figs. 1 and 2 
as shown in the accompanying Figs. 
1 and 2, respectively. | 


Tentative Specification for Structural 
Steel for Welding (A 373 - 54 T): 


Section 4.—Add a new Paragraph (e) 
to read ‘“‘When tension tests are waived 
in accordance with Section 5 (6), chemis- 
try consistent with Tables I and III, 
and with mechanical properties desired 
must be applied.” 

Section 5.—Change Paragraph (6) to 
read as follows: 


“Shapes less than 1 sq in. in cross-section 
and bars other than flats less than } in. in 
thickness or diameter need not be subjected to 
tension tests by the manufacturer.” 


Tentative Specifications for Seamless 
Austenitic Steel Pipe for High-Tem- 
perature Central-Station Service (A 
376-55 T): 


Table I.—Change the chemical re- 
quirements for grade TP 347 and add a 
new grade TP 348 as shown in the ac- 
companying Table II for types 347 and 
348 steels. Add a footnote reference to 
grade 348 to read “This grade is in- 
tended for special purpose applications.” 


Tentative Specifications for Chromium- 
Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 
387 - 55 T): 


Table I.—Revise the required chro- 


TABLE V—BEND DIAMETERS. 
(Revision of Table III of A 387 - 55 T) 


Ratio of Bend Diameter 
Material Thickness, to Specimen Thickness 
in. — 
Group I Group II 
1% 2 
Over 1 to 2,inel.........| 2 214 
Over 2 to 4, incl......... 2 3 
Over 4 to 6, incl......... 214 34 
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mium contents for grades A and B to 
read as follows: 
Grade A Grade B 


Ladle Analysis.... 0.50 to 0.80 0.80 to1.15 
Check Analysis.... 0.46 to 0.85 0.75 to 1.21 


Table III.—Revise to read as shown 
in the accompanying Table V. 

Section 11. —-Change Paragraph (c) to 
read “On plates } in. and over in thick- 
ness, tensile specimens for group II 
material shall be machined to the form 
and dimensions shown in Fig. 2 of 
Specifications A 20.” 

Delete Paragraph (d), relettering the 
present Paragraph (e) as new Para- 
graph (d). 

Figures 1 and 2.—Delete these figures. 

Section 13—Change to read “When 
specified, the plates after annealing or 
normalizing and tempering, shall be 
chemically descaled or descaled by grit 
or sand blasting.” 


Tentative Specifications for Alloy Steel 
Castings Normalized and Drawn for 
High Pressure and Elevated Tempera- 
ture Service (A 389-55 T): 


Title—Change to read “Alloy Steel 
Castings Specially Heat Treated for 
Pressure Containing Parts Suitable for 
High-Temperature Service.” 


TABLE VI.—HEAT TREATING | 
TEMPERATURES. 


(Revision of Table I of A 389 — 55 T) : 
Tempering 
ture, . 
Temperature, 
deg Fahr 
1850 to 1950/1250 to 1350! 1° 
1850 to 1950/1250 to 1350) 12 


2 Per inch or less of thickness. 


Section 1.—Revise to read as follows, 
deleting the present Note 3. 


1. (a) These specifications cover alloy steel 
castings, which have been subjected to special 
heat treatment, for valves, flanges, fittings, and 
other pressure containing parts (Note 1) in- 
tended primarily for high-temperature service. 
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(b) The high-temperature properties of the 
materials covered in these specifications are 
dependent upon special heat treatment which 
is required. Although the high-temperature 
properties are not specified, they are implied 
by control of ‘chemistry, heat treatment, and 
room temperature properties. 

(c) Two grades of ferritic alloy steels are 
covered (Note 2). Selection will depend on the 
design and service conditions, mechanical 
properties, and high-temperature characteristics. 


Section 3.—Change Paragraphs (d) 
and (e) to read as follows: 


(d) Normalizing.—The procedure for nor- 
malizing shall consist in heating to the pre- 
scribed temperature, holding 1 hr per in. of 
thickness with 2 hr minimum, followed by 
cooling in air. If desired by the manufacturer, 
cooling may be in the furnace to not less than 
1650 F and then in air. 


(e) Tempering.—The procedure for temper- | 


ing shall consist in heating to the prescribed 
temperature, holding for a sufficient time for 
the entire section to attain the required tem- 
perature, plus a minimum soaking period of the 
prescribed number of hours, followed by cooling 
in furnace or air. 


Table I.—Revise to read as shown in | 


the accompanying Table VI. 

Table II.—For grade C 24, change the 
required chromium content from the 
present “0.80 to 1.20” to read ‘0.80 to 
1.25” per cent. 

TABLE VII.—WEIGHTS. 
(Revision of Table II of A 391 - 55 T) 


Nominal Size of Chain, Maximum Weight 
in. per 100 ft, Ib 
1425 


Tentative Specification for Alloy Steel 


Chain (A 391-55 T): 


Section 3 (b).—Change the words — 


o read 


“which are not yet specified” t 
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“which are not a part of this speci- 
fication.” 

Section 7 (c).—Change the fourth sen- 
tence to read as follows by the addition 
of the italicized words “‘As' soon as the 
beam drops or the gage halts, the ma- 
chine is to be stopped and the load re- 
duced to the original seating load.” 

Section 9 (b).—Change the last sen- 
tence to read as follows by the addition 
of the italicized word “If both additional 
tests are satisfactory, the chain will be 
considered acceptable.” 

Table II.—Change the figures in the 
last column to read as shown in the ac- 
companying Table VII and in the column 
heading change the word “nominal” to 
read “maximum”, omitting the present 
Footnote a. Omit the word “nominal” 
from the title of the table. 

Section 12.—Include the text of this 
section as a new Paragraph (0) to Section 
10, renumbering subsequent sections 
accordingly. 

Section 13.—Renumber as Section 12 
and retitle ‘Workmanship and Finish.” 
Revise to read as follows: 


12. (a) The chain shall be free from i injurious 
imperfections and shall have a workmanlike 
finish. 

(6) Prior to testing and inspection at the 
manufacturer’s plant, the chain shall be free 
from paint or other coating which would tend to 
conceal defects. 


Section 14.—Renumber as Section 13 
and revise to read “Body chain links 
shall not be marked with indented char- 
acters. Other marking shall be a matter 
of agreement between the manufacturer 
-and the purchaser.” 

Section 16.—Renumber as Section 15 
and change the reference to “Section 15 
to read “Section 14 (0).” Change 
the word “samples” to read “chains.” 

Section 17.—Renumber as Section 16 

and change the reference to ‘Section 
to read “Section 14 (d).”’ 
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REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The Committee recommends that the 
Standard Specifications for Low-Carbon 
Steel Track Bolts and Nuts (A 76-55) 
be revised as indicated and reverted to 
tentative status. 

Section 6—Change to read as follows: 


6. (a) Tests for tensile properties shall, at 
the option of the manufacturer, be made on 
either the bars from which the bolts will be 
made, or on the finished bolts. 

(6) When bars from which bolts will be 
made are tested, they shall conform to the 
following full-section test requirements: 
Tensile strength, psi... . 55 000 to 70 000 
Elongation in 8 in., min, per 
1 500 000 
tens. str. 

(c) When finished bolts are tested,-a load 
shall be applied between the head and nut or 
suitable fixture, either of which shall have 
sufficient thread engagement to develop the 
full strength of the bolt. In lieu of a bend test, 
a 10-deg wedge plate shall be placed under the 
bolt head, with the neck of the bolt aligned 
with the direction of uniform thickness of the 
wedge. When tested, in this manner, the bolt 
shall meet the requirements prescribed in 
Table I (accompanying Table VIII). 


Section 7.—Change the section title 
to read “‘Bending Properties and Head 
Test” and revise the text to read as 
follows: 


cent. 


7. (a) The bend test specimens of full size 
bars from which bolts will be made shall stand 


TABLE VIII.—MECHANICAL PROPER- 
TIES FOR WEDGE TEST. 


(New Table I of A 76-55) 


10-deg Wedge 
Bolt iphreads| Stress | Prat of | Radius 
Size, | per in. | Are t, Hole | 
in, | $q In. | min, Ib? | Corner 
of Hole, 
| 


1g....; 13 |0.1416, 7 700 | 0.030} 442 
11 |0,.226 | 12 400 | 0.050! 
%....| 10 0.334 | 18 300 | O. 050| 4g 
9 |0.461 | 25 300 | 0.063) 
(0.605 | 33 200 | 0. -063| ie 


* Area at mean of root and pitch diameter of 
class 3 external thread. 
> Based on a tensile strength of 55,000 psi. 
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being bent cold through 180 deg, flat on itself, 
without cracking on the outside of the bent 
portion. 

(b) When testing full-size bolts for tensile 
properties as specified in Section 6 (0), the 
failure shall occur in the shank or the threaded 
portion and not at the junction of the head and 
shank. 


Section §.—Delete this section cover- 
ing “Test Specimens,” renumbering 
subsequent sections accordingly. 

Section 9.—Renumber as Section 8 and 
revise to read as follows: 


8. (a2) When testing bars from which the 
bolts will be made, one tension test and one 
bend test shall be made from each heat or blow. 
When the heats or blows cannot be identified, 
one tension test and one bend test shall be 
made from each lot of 10 tons or fraction 
thereof. 

(6) When finished bolts are tested with the 
10-deg wedge plate, one tension test shall be 
made from each heat or blow. When the heats 
or blows cannot be identified, one finished bolt 
tension test shall be made from each lot of 
10 tons or fraction thereof. 

(c) If any test specimen shows defective 
machining or develops flaws, it may be dis- 
carded and another specimen substituted. 

(d) If the percentage elongation of any 
tension test specimen is less than that specified 
in Section 6, and any part of the fracture is 
outside the middle third of the gage length, as 
indicated by the scribe scratches marked on the 
specimen before testing, a retest shall be al- 
lowed. 


Section 11.—Renumber as Section 10 
and change Paragraph (e) to read “A 
variation in the dimensions of the 
shoulders under the head of #y in. and a 
taper of the shoulder of gy in. will be 
permitted.” 

Section 13—Renumber as Section 12 
and revise to read as follows: 


12. The threads of the bolts and nuts shall 
conform as nearly as practicable to the limits 
for the coarse thread series, free-fit (class 2) 
screws and nuts as specified in the American 
Standard for Track Bolts and Nuts (ASA No.: 
B18.10—1952).* The maximum tightness shall 


*Same requirement as the A.R.E.A. Speci- 
fications for Heat Treated Carbon Steel and 
Alloy Steel Track Bolts and Carbon Steel 
Nuts. 


be 5-lb pull applied to the end of a 24-in. wrench. 
Before packing, nuts shall be screwed on the __ 
bolts enough turns to hold them in place until 

used. 


ADOPTION OF TENTATIVES AS STANDARDS 
WitTHouT REVISION 


The committee recommends that the 
following twelve tentative specifications 
and one method be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision: 


Tentative Specifications for: 


Open-Hearth Carbon-Steel Rails (A 1-54T), 

General Requirements for Delivery of Rolled 
Steel Plates of Flange and Firebox Qualities 
(A 20 - 54T), 

Boiler and Firebox Steel for Locomotives — 
(A 30 -54T), 

Open-Hearth Iron Pilates of Flange Quality — 
(A 129-54 T), 

Chromium-Manganese-Silicon (CMS) Alloy- 
Steel Plates for Boilers and Other Pressure } 
Vessels (A 202 — 54 T), 

Nickel-Steel Plates for Boilers and Other Pres- 
sure Vessels (A 203 - 54T), 

Molybdenum-Steel Plates for Boilers and Other _ 
Pressure Vessels (A 204 - 54 T), 

Manganese-Vanadium Steel Plates for Boilers 
and Other Pressure Vessels (A 225 -54T), 

High Tensile Strength Carbon-Manganese- 
Silicon Steel Plates for Boilers and Other 
Pressure Vessels (A 299 - 54 T), 

Steel Plates for Pressure Vessels for Service at 
Low Temperatures (A 300 54a T), 

Manganese-Molybdenum Steel Plates for Boilers j 


and Other Pressure Vessels (A 302 -54T), 
Low-Carbon High-Nickel Steel Plate for Pres- 
sure Vessels (A 353 54 T). 


Tentative Method of: 


Tension Testing of Steel Spring Wire (A 318-_ 
48 T). 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revision relating to Table I of 
the Standard Specifications for Oil- 
Tempered Steel Spring Wire (A 229 - 41) 
be approved for reference to letter ballot 
of the Society for adoption as standard. 
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- REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 
The committee recommends that the 
following standards be revised immedi- 
ately as indicated and accordingly 
requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society. 


Standard Specifications for Steel Tires 
(A 26 — 39): 


Section 4.—Change the required man- 
ganese content from the present ‘0.50 
to 0.75” to read “0.60 to 0.90” per cent. 


(Note.—This change is contingent on the 
discontinuance of Emergency Alternate 
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not be subjected to tension tests by the 
manufacturer.” 


Standard Specification for Structural 
Steel for Ships (A 131 - 55): 


Section 1.—Add a new sentence to 
read: “The specification is limited to 
material up to 2 in., incl, in thickness.” 

Table I.—Change to read as shown 
in the accompanying Table IX. 

Section 4.—In Paragraph (6) add the 
following immediately after the first 
sentence. “Material conforming to the 
requirements of class C will also be 
accepted.” 

Add a new Paragraph (d) to read: 


“‘When tension tests are waived in ac- 
cordance with Section 5 (5), chemistry 


TABLE IX.—CHEMICAL REQUIREMENTS. 
(Revision of Table I of A 131 — 55) 


Grade A Grade B® Grade C® 
Ladle | Check | 
Ladl | Check Ladle Check 
Carbon, max, per cent.... 0.21 0.25 0.24 0.28 
Manganese, per cent...... noe ... |0.80 to 1.10/0.76 to 1.14/0.60 to 0.90/0.56 to 0.94 
Phosphorus, max, per cent.| 0.04 | 0.05 0.04 0.05 0.04 0.05 
Sulfur, max, per cent 0.05 | 0.063 0.05 0.063 0.05 0.063 


Silicon, per cent...... 


(0.15 to 0.30|0.13 to 0.33 


® When cold flanging material is specified, the manganese range for ladle analysis may be reduced 
to 0.60 to 0.90 per cent and for check analysis to 0.56 to 0.94 per cent. 
+ Plate steels produced to the requirements of grade C shall be made with fine grain practice. 


Provisions EA-A 329a, which will be 
submitted to the Administrative Com- 
mittee on Standards.) 


Standard Specification for Structural 
Steel for Locomotives and Cars 
(A 113 - 54): 


Section 5.—Add a new Paragraph (c) 
to read: ‘“‘When tension tests are waived 
in accordance with Section 6 (6), chemis- 
try consistent with the mechanical 
properties desired must be applied.” 

Section 6.—Change Paragraph (6) to 
read: “Shapes less than 1 sq in. in cross- 
section, and bars, other than flats, less 
than 3 in. in thickness or diameter need 


consistent with the mechanical properties 
must be applied.” 

Section 5.—Change Paragraph (6) as 
indicated above for Section 6 (6) in 
Specification A 113. 


Standard Specifications for Heat- 
Treated Carbon-Steel Bolting Ma- 
terial (A 261 — 54): 

Table I.—Delete the minimum silicon 
requirement. 


Standard Specifications for Seamless 
and Welded Austenitic Stainless Steel 
Tubing for General Service (A 
269 — 55): 


Table I.—Change the chemical re- 
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quirements for grade TP 347 and add a 
new grade TP 348 to read as shown in 
the accompanying Table II for types 
347 and 348 steels. 


Standard Specifications for Seamless 
Austenitic Chromium-Nickel Steel 
Still Tubes for Refinery Service 
(A 271-55): 


Table I.—Change as described above 
for Table I in Specifications A 269. 


ADOPTION OF TENTATIVE AS STANDARD 
WITH REVISION 


The committee recommends that the 
Tentative Specifications for Nickel- 
Chromium-Molybdenum Steel Bars for 
Springs (A 332-51 T) be approved for 
reference to letter ballot of the Society 
for adoption as standard with revisions 
as follows: 

Table I.—For grade 8650H change the 
carbon range from the present “0.46 to 
0. 54” to read “0.47 to 0.54” per cent. 
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Table II.-For grade 8650H change 
the minimum hardness value at the 
zs-in. position from the present “58” 
to read “59” Rockwell C. 


WITHDRAWAL OF SPECIFICATIONS 


The committee recommends that the 
Tentative Specification for Chromium- 
Molybdenum Steel Plates for Boilers 
and Other Pressure Vessels (A 
301 - 54a T) be withdrawn. The grades 
of steel covered by this specification are 
now included in the Tentative Specifica- 
tion for Chromium-Molybdenum Steel 
Plates for Boilers and Other Pressure 
Vessels (A 387 — 55 T). 

It is also recommended that the 
Standard Specifications for Carbon-Steel 
Castings for Valves, Flanges, and 
Fittings for High-Temperature Service 
(A 95 — 44) be withdrawn since it appears 
as though most, if not all, of this ma- 
terial is now purchased in accordance 
with the Tentative Specifications A 216. 
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REPORT OF COMMITTEE A-2 


ON 


WROUGHT IRON* 


Committee A-2 held one meeting dur- 
ing the year, in Atlantic City, N. J., on 
June 28, 1955. 

A. D. Morris, chairman of the com- 
mittee since its reactivation in 1951, died 
on October 27, 1955. Vice-Chairman 
D. M. Stembel has been acting as chair- 
man since that time. 

The committee consists of 31 members, 
of whom 5 are classified as producers, 
20 as consumers, and 6 as general inter- 
est members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, L. S. Crane. 

Vice-Chairman, W. H. Paul. 
Secretary, O. M. Tishlarich. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Tubes and Pipe 
(O. M. Tishlarich, chairman) is revising 
the maximum manganese content of 
Standard Specifications for Welded 
Wrought Iron Pipe (A 72-55) in order 
to bring it in line with the other specifi- 
cations for wrought iron. 

The Tentative Specifications for Cold- 
Drawn Wrought Iron Heat-Exchanger 
and Condenser Tubes (A 382-55 T) 

* Presented at the Fifty-ninth Annual Meeting 
of the Society, June 18-22, 1956. 


were submitted to the ASME Boiler 
and Pressure Vessel Committee for con- 
sideration as a suitable material specifi- 
cation in Section II of the Boiler and 
Pressure Vessel Code. 

Subcommitiee IV on Chain Iron and 
Tron Chain (W. H. Paul, chairman) is 
revising the Standard Specification for 
Iron and Steel Chain (A 56-39) in 
conjunction with Subcommittee XXVII 
on Steel Chain of Committee A-1. It 
was decided to separate the two chain 
materials (iron and steel) by writing a 
separate specification for each material. 

The revised specification for iron chain, 
entitled “Proposed Tentative Specifica- 
tions for Wrought Iron Crane Chain” 
and retaining the A 56 designation, was 
submitted to May 23, 1956, to the entire 
membership of Committee A-2 for com- 
ments. A revised draft, incorporating 
the comments received, will be submitted 
to the committee for letter ballot sub- 
sequent to the Annual Meeting. 


Respectfully submitted on behalf of 
the committee, 

D. M. STEMBEL, 
Vice-Chairman. 
L. S. CRANE, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee A-2 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


Revision and Reversion to Tentative of: 


Standard Specifications for Wrought Iron Pipe (A 72 


55), and 


Standard Specifications for Iron and Steel Chain (A 56 — 39), with a change ii in title ‘to 
read “Specifications for Wrought Iron Crane Chain.” 


The revision of Specifications A 72 was accepted by the Standards Committee on Sep 


tember 5, 1956, and the revision of Specifications A 56 was accepted on November 14, 
1956; the revised specifications appear in the 1956 sappenant to Book of ASTM Stand- 


ards, Part 1. 
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REPORT OF COMMITTEE A-3 
ON 
CAST IRON* 


Realizing the importance to the 
American cast-iron industry of inter- 
national standardization, late in 1955 
Committee A-3 recommended to the 
American Standards Association that 
America participate in the work of ISO 
Committee 25 on Cast Iron. Following 
clearance of this participation, the 
Advisory Subcommittee of Committee 
A-3, with the addition of several repre- 
sentatives of Committee A-7 on Malle- 
able Iron, was set up as the group re- 
sponsible for American participation. Two 
ASTM members represented the United 
States at the September 28, 29, and 30, 
1955, meetings of ISO 25 in London— 
h.. W. Stuart, U. S. Pipe and Foundry 
Co., and H. W. Lownie, Jr., Battelle 
Memorial Inst. Subsequently the follow- 
ing appointments were made on task 
forces of ISO 25: 

Task Force on Malleable Iron—W. A. 

Kennedy, Grinnell Co. 
Task Force on Nodular Iron-—T. E. 
Eagan, Cooper-Bessemer Corp. 
Task Force on Methods of Testing—- 
G. A. Timmons, Climax Molybde- 
num Co. 

There were two meetings of Committee 
A-3 during the year: in Atlantic City, 
N. J., on July 1, 1955, and in Buffalo, 
N. Y., on March 1, 1956. Many sub- 
committee meetings were held in con- 
junction with the main committee. 

At the July 1, 1955, meeting, it was 
reported that the elevated temperature 
tests on cast iron at the Southern Re- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


al 


search Inst. (under the guidance of the 
ASTM-ASME Joint Committee on 
Effect of Temperature on the Properties 
of Metals) have been continued. The 
test temperature had been lowered from 
1000 F to 800 F. One of the alloys had 
been tested for 2000 hr and was carrying 
one-half of its former room temperature 
strength successfully. 

The committee revised its by-laws 
during the year to provide for an as- 
sistant secretary, with his duties to be 
assigned by the incumbent secretary. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, D. E. Kause. 
Vice-Chairman, T. Eagan. 
Secretary, R. A. Clark. 

Assistant Secretary, H. W. Lownie, Jr. 

The committee consists of 124 mem- 
bers, of whom 42 are classified as pro- 
ducers, 50 as consumers, and 32 as 
general interest members. 

A new subcommittee on austenitic cast 
iron has been organized with Hugo 
Larson, American Brake Shoe Co., as 
chairman. 

Subcommittee XXIII on Research 
(J. S. Vanick, chairman) has been dis- 
banded since the research work for 
which it was organized is now being car- 
ried on by the ASTM-ASME Joint 
Committee on Effect of Temperature on 
the Properties of Metals. Subcommittee 
XV on Impact Testing (J. T. MacKenzie, 
chairman) also has been disbanded. This 
work will be carried on in Subcommittee 
XI on Methods of Testing. 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


_ On September 15, 1955, the Adminis- 
trative Committee on Standards ac- 
cepted the new Tentative Specifications 
for Cast Nodular Iron for Pressure- 
Containing Parts for Use at Elevated 
Temperatures (A 395-55T) and for 
High-Strength Nodular Iron Castings 
(A 396-55 T). These specifications are 
available in separate form. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Specifications for Cast Nodu- 
lar Iron for Pressure Containing Parts 
for Use at Elevated Temperatures 
(A 395 — 55 T)! be revised as follows and 
continued as tentative: 

Section 9 (b).—Revise Item (3) to 
read as follows: 

(3) The plugs, where practical, shall conform 
in all dimensions to the standard I.P.S. pipe 
plugs. In addition, they shall have full thread 
engagement corresponding to the thickness of 
the repaired section. Where a tapered plug is 
impractical because of the excess wall thickness 
in terms of plug diameter and coincident thread 
engagement, other types of plugs may be used 
provided both full engagement and effective 
sealing against pressure are obtained. Where 
possible the ends of the plugs should be ground 
smooth after installation to conform to the in- 
side and outside contours of the wall of the 
pressure vessel or pressure part. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions of the follow- 
ing two standards as indicated, and 
accordingly requests the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society: 


Standard Specifications for Gray Iron 
Castings (A 48 — 48):° 


Table I.—Add a new class 45, to have 


‘ 1 Available as a separate reprint. 
21955 Book of ASTM Standards, Part 1. 
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a minimum tensile strength of 45,000 psi. 

Table II.—Add a new class 45, with 
the following transverse test require- 
ments: 


Diameter of Test Transverse Breaking 


Bar, in. Load, min. lb 
0.875 1540 
1.2 2800 
2.0 9700 


Section 6.—Add a sentence to Para- 
graph (a) to read: “When neither the 
manufacturer nor the purchaser have 
taken steps to agree upon the controlling 
section of the casting, the size of test 
bar to be cast shall be determined by the 
manufacturer.” 

Revise Paragraph (6) to read as 
follows: 


(6) The correlation in Paragraph (a) is only 
approximate and may need modification for 
complicated castings with sections thinner than 
0.50 in. The test bar size, type, and number may 
then be determined by agreement between the 
manufacturer and the purchaser. 


Section 12.—Change the word “physi- 
cal” to read “‘mechanical.” 

Note 1.—Add new class 45 to the 
listing of high-strength irons. 


Standard Specifications for Gray Iron 
Castings for Pressure-Containing 


Parts for Temperatures Up to 650 F- 


(A 278 — 53):° 


Section 4.—In Paragraph (6) change 
the words “less than 13 in. in thickness” 
to read “less than 2 in. in thickness.” 

In Paragraph (c) change the words 
“greater than 13 in. in thickness” to 
read “ 2 in. or more in thickness.” 

Add a new Paragraph (e) to read as 
follows: 


(e) For castings having a controlling section 
greater than 2 in., where it is impractical to 
establish a satisfactory degree of correlation be- 
tween test bars and castings, the castings shall 
be considered as having met the tensile strength 
of the class specified when test coupons cut 
from the castings or integral projections thereof, 
the cross-section of which is not less than that 
of the controlling section of the casting, have a 
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tensile strength not less than 80 per cent of the 
specified class. 


Section 10.—Change Paragraph (6) 
to read as follows: 


(6) Surface imperfections or minor defects not 
exceeding 20 per cent of the thickness of the 
section may be repaired by plugging provided 
the diameter of the plug does not exceed its 
thickness. Seepage around chaplets, and minor 
leakage defects may be repaired by plugging, as 
directed above provided a radiographic inspec- 
tion over the extent of the defect shows that 
the surrounding metal is sound. Castings showing 
a major leak under the specified pressure test 
shall be rejected. J 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Several completed activities have al- 
ready been covered in this report. The 
following is intended only to explain 
certain relatively important current sub- 
committee activities. 

Subcommittee I on Pig Iron (H. W. 
Stuart, chairman) is discussing the possi- 
bility of including in Specifications A 43 

3 The letter ballot vote on these recommen- 


dations was favorable; the results of the vote are 
on record at ASTM Headquarters. 


q 


grades of pig iron particularly suitable 
for production of nodular iron. 

Subcommittee XI on Methods of Testing 
(G. A. Timmons, chairman) is joining 
with Subcommittee VI on General Cast- 
ings (H. W. Lownie, Jr., chairman) in 
establishing a task group to review the 
design of test bars and the testing of bars 
for determination of tensile strength of 
gray iron. 

Subcommitiee XX VI on Low Tempera- 
ture Properties of Cast Iron (George 
Dinges, chairman) has reviewed several 
preliminary drafts of a recommended 
practice for the application of cast irons 
to low temperature services and is pre- 
paring a new draft which will incorporate 
the suggestions offered as a result of the 
previous reviews. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 124 voting members; 91 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
H. W. Sruart, 
Chairman. 
T. E. EaGan, 
Secretary. 
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REPORT OF COMMITTEE 
ON 


CORROSION OF IRON AND STEEL* 


Committee A-5 on Corrosion of Iron 
and Steel held two meetings during the 
year: on June 28, 1955 at Atlantic City, 
N. J., and on February 28, 1956, at 
Buffalo, N. Y. 

The committee lost through retire- 
ment First Vice-Chairman J. G. Thomp- 
son, of the National Bureau of Stand- 
ards. H. F. Hormann of the Consolidated 
Edison Co. of New York was elected 
to succeed Mr. Thompson for the un- 
expired term. 

The committee consists of 110 mem- 
bers, of whom 41 are classified as pro- 
ducers, 36 as consumers, and 33 as 
general interest members. 

The officers elected for the ensuing 
term of two years were as follows: 

Chairman, Marc Darrin. 

First Vice-Chairman, H. F. Hormann. 

Second Vice-Chairman, E. F. Lundeen. 

Secretary, C. P. Larrabee. 

The committee has requested the So- 
ciety to publish a compilation of all the 
standards under the jurisdiction of Com- 
mittee A-5 together with Specification 
for Slab Zinc (B 6), and Specifications 
for ACSR Core Wire (B 245 and B 261). 


NEW TENTATIVE 


The committee recommends that the 
Specification for Zinc-Coated Steel Poul- 
try Netting be accepted for publication 
as tentative as appended hereto.' This 
specification covers an item not hereto- 
fore covered by ASTM specifications. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. 
1 The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards Part 1. 
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This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee VII on Methods of Test 
(O. B. Ellis, chairman) continues its 
investigation of non-destructive methods, 
such as use of magnetic gages for de- 
termining thickness of metallic coatings. 

Subcommittee XI on Sheet Specifica- 
lions (E. F. Lundeen, chairman) is re- 
viewing the Specification for Galvanized 
Iron or Steel Sheets, Coils, and Cut 
Lengths (A93-54T) with a view to 
adapting this specification to the two 
major processes now used for producing 
galvanized sheets. Specification for Long 
Terne Iron or Steel Sheets, Coils, and 
Cut Lengths (A 308-53T) is being 
reviewed to include sampling methods 
for weight of coating tests on narrow 
strips and a minimum check limit by 
the single spot test. 

Subcommitiee XII on Wire Specifica- 
tions (J. F. Occasione, chairman) pre- 
pared the Tentative Specification for 
Zinc-Coated Steel Poultry Netting ap- 
pended hereto.! A proposed Specification 
for Zinc-Coated Armor Wire has been 
drafted. The subcommittee made plans 
to prepare a specification covering flat 
armoring tape or wire. The subcom- 
mittee is reviewing the Specifications for 
Chain Link Fence Fabric (A 392 - 55 T) 
giving particular attention to the rein- 


? The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are on 
record at the ASTM Headquarters. 
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statement and use of the Preece test. 
Specifications A 116 and A 121 are being 
revised to clarify the sampling clauses. 
Subcommittee XIII on Hardware S pec- 
ifications (B. J. Barmack, chairman) re- 
viewed the specifications under its 
jurisdiction and recommended various 
editorial revisions in A 123~—53, A 143 - 


Subcommittee XIV Sheet Tests (C. P. 
Larrabee, chairman) inspected the cor- 
rugated sheets under atmospheric ex- 
posure test at State College, Pa., on April 
27, 1956. The data from this and prev- 
ious inspections are summarized in Table 
I. The one sheet remaining at Altoona, 
Pa., is still unperforated. 


TABLE L—LIFE OF CORRUGATED GALVANIZED AND BLACK SHEETS, 26 BY 30 IN. 
Exposed at State College, Pa., on April 23, 1926. 


No. 16 Gage, No. 22 Gage, INo. 22 Gage, |No. 22 Gage, |No. 22 Gage, |No. 22 Gage, |No. 28 Gage, ie. 4 
2.5 oz per 2.5 oz per 2.0 oz per 1.5 oz per 1.25 oz per | 0.75 oz per | 0.75 oz per Ue ° 
sq ft® sq ft® sq ft? sq ft® sq ft® sq ft* sq ft® coated 
Chest Years To Years To Years To Years To Years To Years To Years To 
~ ~ Years 
2 | 8212 2 8) 2 2 2 Se) S| & | ration 
R (T)| 24.0! * |26.0\ * | * | © |17.5) 26.08 
(B)| 27.0| * |29.0| 20.0} * | * |16.5| 1$.0} | | | 
V 27.0 * 118.5) ° 116.0) ° ° ° * | 9.5/23.0) 24.0(V), 
(or U) (B)| 24.0] 29.0) © | © |25.0) © | © | 116.5) | |10.5/24.0] 25.0(U)° 
N (T) ° ° 17.5 ° 112.0] * 111.0/23.0) 28.0 
T (T)| 27.0 21.6 ° ° 13.6 ° * | 9.0\26.0) * | 9.0:24.0) 
Y (T)| 21.5 ° 119.5) 187.5 114.5) 9.5/24.0).. 25.0 
S (T)}| 22.0 * * ° 19.0) 114.5 * 110.5|21.5} |11.5/22.0) ° 
K (T)} 23.0 ° ° Be 17.51 ° 14.5; ° * 11.5.24.0} |10.5/23.0] ° 
(B)| 24.0] * |30.0| | |28.0] © | | | © \11.5/22.5] |11.5\21.0] 
W (T) 29.0, | © | |16.5} © | © |13.5) | | 27.0 
Average 114... 14.6) 23 5 11.1 24.0 


* Data not yet available. 


* Coating weight is ‘‘oz per sq ft’’ of sheet (both sides). 


> Inadvertently omitted from 1952 report. 
© There were no specimens exposed. 


46 and A 153-53. The results of over 


one thousand tests of coating weights 
on hardware will be studied with the 
objective of revising the present weights 
of coating in Table I of Specifications 
A 153. New projects include preparation 
of a recommended practice on inspection 
of galvanizing and study of the problem 
of regalvanizing of material by job 


The subcommittee is studying methods 
of test for aluminum-coated and zinc- 
coated steels and plans to initiate ex- 
posure tests when a sufficient number of 
producers are manufacturing aluminum- 
coated steel. 

The subcommittee is cooperating with 
the American Welding Society in its 
inspection of metallized coatings ex- 


oe posed at ASTM test sites. These steel 
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panels sprayed with either zinc or alumi- 
num were exposed during 1953 and 1954 
at seven atmospheric sites, submerged 
in sea water, and also exposed at the 
mean-tide level. A total of 1164 zinc- 
coated specimens and an equal number 
of aluminum-coated specimens were in- 
cluded in the tests. The aluminum-coated 
specimens were exposed in three condi- 
tions: as sprayed, as sprayed plus primer 
and one coat of aluminum vinyl paint, 
and as sprayed plus primer and two coats 
of aluminum viny] paint. The zinc speci- 
mens were similarly exposed, except that 
two coats of clear chlorinated rubber 
paint were substituted for the primer 
and two coats of aluminum vinyl paint. 
A total of 624 sprayed panels were sub- 
merged and 672 panels were exposed at 
mean tide. Results of one- and two-year 
inspections of the atmospheric specimens 
showed very little, if any, change. The 
final merits of individual systems will 
be determined by the number of years 
of exposure before appearance of rust 
on the base metal. No rust has been re- 
ported in the atmospheric tests. 


al 
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Subcommiltee XV on Wire Tests (¥. M. 
Reinhart, chairman) made annual in- 
spections of wires exposed at various 
ASTM test sites and a report of inspec- 
tion data is appended hereto.* 

Subcommittee XVI on Hardware Tests 
(A. Mendizza, chairman) announced that 
the hardware-test installation at Key 
West, Fla., had been destroyed and all 
samples had been lost. The subcom- 
mittee is proceeding with a new hardware 
test, and samples will be exposed on the 
ASTM test sites in Newark, N. J., and 
Kure Beach, N. C. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 110 members; 99 members 
returned their ballots, of whom 93 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


A. P. JAHN, 
Chairman. 
P. LARRABEE, 
Secretary. 
* See p. 133. 
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REPORT OF SUBCOMMITTEE XV ON ATMOSPHERIC EXPOSURE 
‘TESTS OF WIRE AND WIRE PRODUCTS 


(CovERING 1955 INSPECTIONS) 


This report summarizes the results of 
the atmospheric corrosion tests on wire 
and wire products through 1955. De- 
tailed results are reported in the odd- 
numbered years, and reference to these 
earlier reports of Committee A-5 on 
Corrosion of Iron and Steel, which 
appeared in the Society’s Proceedings 
for 1939, 1941, 1943, 1945, 1947, 1949, 
1951, 1953, and 1955 will be helpful in 
studies of these data. These earlier re- 
ports contain descriptions of the test 
methods, micrographs, and other char- 
acterizations of specimens in the test as 
well as the data assembled during pre- 
vious inspections. 

The materials being tested are mostly 


bare and zinc-coated stee] wires and 
wire products, but copper-covered and 
lead-coated steel wires and chromium 
and chromium-nickel steel wires are also 
included. The coatings are expressed in 
weight terms of ounces per square foot 
of surface. For comparisons of coating 
thickness, 1 oz per sq ft of surface may 
be considered as averaging 0.0017 in. 
thick for zinc coatings, 0.0013 in. thick 
for copper coatings, and 0.0010 in. thick 
for lead coatings.’ 

Specimens of wires and wire products 
were exposed for approximately 19 yr 
at eleven locations. The location of these 
sites and their general classification 
regarding atmospheres are as follows: 


| 
Test Location 


General Type of 
Atmosphere 


Remarks 


Pittsburgh, Pa. (abandoned 1951). .| Severe industrial 


| 


On Brunot Island in the Ohio River 
| about 2 miles west of the city 


Bridgeport, Conn................. | Industrial | In the city 
Sandy Hook, N. J. (abandoned 
Seacoast About 300 yards from the Atlantic 
Ocean 
eS Rural (marine) About 3 miles from the Pacific Ocean 
ee | Rural | Central Pennsylvania 
ee | Rural Wabash River Valley 
| Rural | Central Iowa 
Manhattan, Kans................. Rural | Kansas River Valley 
See Rural | Central New York 
College Station, Texas............ Rural About 120 miles inland ‘ 
Rural About 80 miles inland 


1The lead-coated wires in these tests were 
lead coated over a bonding coat of zinc. See 
Proceedings, Am. Soc. Testing Mats., Vol. 43, 
p. 87 (1943) for analysis of lead coatings. 
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At each location more than 900 speci- 
mens were exposed. These included 
short lengths of wire (42 in. long) and 
wire strand at all locations; farm field 
fence at nine sites; barbed wire at eight 
locations, and chain link fence at eight 
locations. 

The extent of corrosion is being 
measured by visual examinations of all 
specimens at the test sites and by ten- 
sion tests on the wire specimens. The 
specimens at Bridgeport, Conn., and 
State College, Pa., were inspected in 
the spring of 1955 by a traveling com- 
mittee. Inspections were made at the 
other exposure locations by the univer- 
sity inspectors in charge of the exposure 
plots. 


POSURE TESTS OF WIRE AND WIRE Propucts 137 


The summarized inspection records of 
corrosion through 1955 are shown in 
Table A for wire specimens, wire strand 
and chain link fence, and in Table B | 
for farm field fence and barbed wire. 

No wire specimens were removed for 
tension tests during the year because 
inspection of previous results showed 
that losses in strength were not suffi- 
cient to warrant further removals at 
this time. 


Respectfully submitted on behalf of | 
the Wire Test Inspection Committee, _ 


FRED M. REINHART, 


Chairman. 
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REPORT OF COMMITTEE A-7 


ON 
MALLEABLE IRON CASTINGS* 


Committee A-7 on Malieable Iron 
Castings held two meetings during the 
year: at Atlantic City, N. J., on June 29, 
1955, and at Buffalo, N. Y., on February 
29, 1956. 

The committee lost by death the 
services of Russell J. Anderson, a valua- 
ble and highly respected member who 
represented the Belle City Malleable 
{ron Co. 

The committee consists of 54 members, 
of whom 27 are classified as producers, 
15 as consumers, and 12 as general in- 
terest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. A. Kennedy. 

Vice-Chairman, W. M. Albrecht. 

Secretary, J. H. Lansing. 

At the June meeting, the committee 
took action to recommend the exposure 
of malleable specimens at various loca- 
tions supervised by the Advisory Com- 
mittee on Corrosion. 

The committee is considering the 
establishment of test requirements for 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


T bolts and nuts for mechanical pipe 
joints. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Chemical and 
Physical Methods of Testing (L. G. Toye, 
chairman) is considering the development 
of a single standard method for the de- 
termination of yield strength in response 
to a request from the ASME Boiler and 
Pressure Vessel Committee. 

The committee noted with interest the 
issuance by the National Bureau of 
Standards of their white iron reference 
sample No. 3 as a tentative standard. 
This is a signal accomplishment as no 
white iron reference material has been 

available previously. 


This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 54 members; 35 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. A. KENNEDY, 
Chairman. 
James H. LAnsING, 
Secretary. 
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REPORT OF COMMITTEE A-9 © 


ON 


FERRO-ALLOYS* 
Committee A-9 on Ferro-Alloys held TENTATIVE CONTINUED WITHOUT 
its last meeting on June 15, 1954, in REVISION 


Chicago, Ill., during the Annual Meeting 
of the Society. A meeting is planned 
during the 1956 Annual Meeting of the 
Society in Atlantic City, N. J. 

The officers elected for the ensuing 
term of two years are as follows: Respectfully submitted on behalf of 


Chairman, S. W. Poole. the rn, 
Vice-Chairman, E. A. Lucas. 
Secretary, W. H. Mayo. 


The committee recommends that the 
Tentative Specification for Ferroman- 
ganese (A 99 — 53 T)! be continued with- 
out revision. 


W. C. BowbeEn, 
Chairman. 


J- J. CROWE, § 
Secretary. 


* Presented at the Fifty-ninth Annual Meet- : 
ing of the Society, June 17-22, 1956. 11955 Book of ASTM Standards, Part 1. 
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REPORT OF COMMITTEE A-10 


IRON-CHROMIUM, IRON-CHROMIUM-NICKEL, AND RELATED ALLOYS* 


Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys held two meetings during the year: 
in Atlantic City, N. J., on June 29, 
1955, during the Annual Meeting of the 
Society, and on February 29, 1956, at 
Buffalo, N. Y., during ASTM Com- 
mittee Week. 

The committee consists of 96 mem- 
bers, of whom 39 are classified as pro- 
ducers, 36 as consumers, and 16 as 
general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Jerome Strauss. 

Vice-Chairman, L. L. Wyman. 

Secretary, M. A. Cordovi. 

A new Subcommittee XIII has been 
formed with M. A. Cordovi, chairman, 
to cover the interests of the committee 
in the field of nuclear power plant equip- 
ment. The scope of the subcommittee is 
(a) to review and recommend revisions 
which may be required in applicable 
standards currently under the jurisdic- 
tion of the committee in the light of 
special requirements for nuclear in- 
stallations, and (b) to determine whether 
sufficient data are available on which 
to base recommendations for new 
standards which may be required in 
this field. 


REVISION OF TENTATIVE 


The committee, jointly with Com- 
mittee A-1 on Steel, recommends that 
the Tentative Specification for Seamless 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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and Welded Austenitic Stainless Steel 
Pipe (A 312 - 55 T)' be revised. The re- 
visions are set forth in the Report of 
Committee A-1. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee, jointly with Com- 
mittee A-1 on Steel, recommends for 
immediate adoption revisions in the 
following standards, and accordingly 
requests the necessary nine-tenths af- 
firmative vote at the Annual Meeting 
in order that the revisions may be 
referred to letter ballot of the Society: 


Standard Specifications for: 


Seamless and Welded Austenitic Stainless 
Steel Tubing for General Service (A 269- 
and 

Seamless Austenitic Chromium-Nickel Steel 
Still Tubes for Refinery Service (A 271 -55).! 


The revisions are set forth in the 
Report of Committee A-1. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IV on Methods of Cor- 
rosion Testing (O. B. Ellis, chairman) is 
considering the adoption as standard of 
the Tentative Recommended Practice 
for Descaling and Cleaning Stainless 
Steel Surfaces (A380-54T) with 
changes in the concentration of the 
nitric acid. 

Under the chairmanship of C. P. 
Larrabee, a task group has made an 
inspection of the special stainless steel 
specimens which have been exposed at 
atmospheric test locations at Pittsburgh 


11955 Book of ASTM Standards, Part 1 
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and New York City. A report of this 
inspection is appended hereto.? 

A task group under the chairmanship 
of F. K. Bloom, appointed to survey 
current research programs on stress 
corrosion of stainless steels, has pre- 
pared a questionnaire for circulation in 
the near future. Technical Committee 
T-5 E of the National Association of 
Corrosion Engineers will distribute a 
similar questionnaire within NACE. 
The groups in the two societies are co- 
operating fully and the replies from 
their respective memberships will be 
correlated. 

Progress has been made in procuring 
specimen materials for the atmospheric 
corrosion test program on stainless 
steels expected to be under way by the 
latter part of 1956. 

Subcommittee V on Mechanical Test- 
ing (R. Heyer, chairman).—At the 
June 29, 1955, meeting, the Task Group 
on Tension Testing reported on tension 
tests of light gage type 301 sheets in 
three tempers, using strain-pacing type 
extensometers to control the speed of 
testing. For the annealed grade a de- 
crease in strain rate from 0.5 to 0.3 in. 
per in. per min gave an increase of 5 
per cent in tensile strength. Mill tests 
using a speed of testing in accordance 
with present test methods gave a tensile 
strength 13 per cent higher than at the 
controlled strain rate of 0.5 in. per in. 
per min. This demonstrates further 
the need for better definition of limits 
for speed of testing in product specifica- 
tions for the speed-sensitive grades. 
A further program was initiated to 
procure the data necessary to make 
recommendations. 

The subcommittee was unable to 
obtain additional test data on elonga- 
tion of 8-in. gage length plate tension 
tests of stainless steels, and therefore it 
has been recommended that Subcom- 
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mittee IX select specification limits for 
elongation in 8-in. for Specifications 
A 167, A 176, and A 240 from data 
already submitted. As this flat-plate 
specimen comes into use, data for pos- 
sible revision of the limits will become 
available. 

Subcommittee VI on Metallography 
(R. Franks, chairman) will study 
further the occurrence and identifica- 
tion of sigma phase in the nickel- 
chromium-iron stainless steels. It is 
expected that a task group set up for 
the purpose, among other approaches to 
the problem of identification, will 
consider the use of the electron micro- 
scope. A study is to be undertaken to 
determine by metallographic examina- 
tions the structure which may be char- 
acteristic of types 347 and 321 stainless 
steels which have been prone to crack- 
ing in large welded pipe used in the main 
steam lines of power generating plants. 

Subcommittee VIII on Specifications 
for Wrought Products (R. B. Gunia, 
chairman).—A task group has been ap- 
pointed to develop specifications cover- 
ing AISI Types 201 and 202 alloys. 

Subcommittee IX on Specifications for 
Flat Products (G. W. Hinkle, chair- 
man).—A task group, under the chair- 
manship of W. F. Hodges, has been 
appointed to revise Specification A 240 
in order to meet Boiler Code require- 
ments. 

The mechanical properties of AISI 
Type 410 (low-carbon), 305, and 348 
stainless steels and AISI _ shearing 
tolerances in Specifications A 240, A 167, 
and A 176 are being balloted in the sub- 
committee. The AISI chemical composi- 
tion ranges will be incorporated in 
specifications A 167, A 176, and A 177. 
A task group is preparing material 
specifications for AISI Types 201 and 
202 alloys as related to flat products. 

Subcommittee XII on Specifications 
for High-Temperature Super Strength 


2 See p. 143. 
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Alloys (L. L. Wyman, chairman) se- 
lected three types of alloys from the 
Compilation of Chemical Compositions 
and Rupture Strengths of Super- 
Strength Alloys (ASTM STP 170) to 
form the basis of specifications, and 
subgroups as indicated have been 
formed: 

Subgroup A on Hot-Cold Worked 

Alloys (16-25-6). 

Subgroup B on Precipitation Harden- 

able Alloys (A 286 alloy). 

Subgroup C on Cast Alloys (N-155). 

The proposed definition of “super 
alloy” has been referred back to the 
task group on scope to determine the 
status of such alloys as 17-7-PH, 17-4- 
PH, AM-350, and Stainless W. The task 
group will determine how the close- 
packed hexagonal structure of cobalt- 
base alloys fits into the definition, and 
whether separate consideration should 
be given to magnetic versus non-mag- 
netic rather than ferritic versus austenitic 
alloys. 

An attempt will be made to coordinate 
the activities of the Investment Casting 
Institute’s Committee on Casting Spec- 
ifications with the work of Subgroup 

The task group on alloy compilation 
will compile a list of martensitic super 
alloys similar to the austenitic alloy 
compilation in ASTM STP 170. 

Joint A-1, A-10 Subcommittee on 
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Stainless Tubing Specifications (J. J. B. 
Rutherford, chairman) has approved 
during the year (a) specifications for 
welded large O. D. stainless pipe, and 
(6) the inclusion of types 347 and 348 
in the appropriate specifications (these 
grades will be appropriately identified 
in the next revision of Specifications 
A 312), (c) increasing the phosphorus 
limit to 0.04 per cent max in all tubular 
stainless grades, (d) adding grades 304 
ELC and 316 ELC to the appropriate 
tubular-product specifications and the 
inclusion of these grades with a 0.04 
per cent maximum limit on carbon, (e) 
increasing the maximum silicon content 
in all stainless tubular product specifi- 
cations, except Specifications A 376, 
from 0.75 per cent limit, to 1.00 per 
cent, and (f) inclusion of mandatory 
heat-treating clauses in the stainless 
tubular product specifications (A 249, 
A 269, and A 312). 

Preliminary consideration has been 
given to the request from the ASME 
Boiler and Pressure Vessel Committee 
for inclusion of a proprietary Cr-Ni-Mo- 
Cu-Cb-Ta stainless alloy in Specifica- 
tion A 312. 


Respectfully submitted on behalf of 
the committee, 
JEROME STRAUSS, 
Chairman. 
M. A. Corpbovi, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee A-10, jointly with Committee A-1 
on Steel, presented to the Society through the Aministrative Committee on Standards 


the following recommendations: 


Withdrawal of Emergency Alternate Provisions for: 


Seamless and Welded Austenitic Stainless Steel Tubing for General Service 
(EA — A 269), 
Seamless Austenitie Chromium-Nickel Steel Still Tubes for Refinery Service 


(EA — A 271), and 


Seamless and Welded Austenitic Stainless Steel Pipe (EA — A 312). 


These recommendations were accepted by the Standards Committee on November 
21, 1956. 
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REPORT OF TASK GROUP ON INSPECTION OF NICKEL-BEARING AND 
NONNICKEL-BEARING STAINLESS STEELS 


APPENDIX 


During March, 1956, the task force were stained more than those at New 
made the third annual inspection of the York. 
sheets of nine grades of stainless steel, It was noticeable that the minor 
each in No. 2B and No. 4 finish. As in differences in texture of the 2B finish — 
1955, somewhat more dirt was observed caused more differences in general ap- 
on the sheets at Pittsburgh than on pearance than did the differences in 
those at New York City. composition of the various steels. 

The left half of each sheet was cleaned On the groundward surfaces at Pitts- 
by gently rubbing with whiting spread burgh the ascending order of excellence 
onto a cloth wet with water. Most of the was Type 410, 16-1-17, 13-1-18, Type 
whiting was removed with water and 430, with Types 442, 446, 301, and 304 
the balance with dry cloths. being about the same, and with Type 

At Pittsburgh there has been some 201 having the least staining. As seen 
rusting of the groundward side of many in the table, the groundward surfaces 
specimens during the last year. This is of many of the sheets at New York — 


particularly the case on the 2-in. wide 

flange that is used to attach the upper 
re given in Tables I and II, 

half of the sheet to the lower half by © © 

spot-welding, and by machine screws ; C. P. LARRABEE, 


and nuts. All spot welds at Pittsburgh Task Force Chairman. — 
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Report or Committee A-10 (AppeNnprx I) 


TABLE I.—INSPECTION OF STAINLESS STEEL PANELS AT PITTSBURGH, PA. 
Exposep: May 20, 1953. InspecTtep: Marcu 26, 1956. 


Before and After Cleaning 
General Appearance Spot Bolt 
Material Finish Gutter | Faying Weld H ] 
Skyward Groundward | Surtaces 
Before | After Before (Before After | Before! After | 
Type 410..... No. 4 TrY | TrY, P| 30%R Y |Y,P | R R 4 
Type 410.....| No.2B | TrY | Tr Y, 30%R R | ¥ 
| | 
Type 430 No. 4 No Y | OK Tr R(1) OK | OK | OK | OK] TrY | TrY 
Type 430 No. 2B | No Y | OK Tr R(1) OK | OK NI | NI | Tr Y | NI 
Type 442..... No. 4 No Y | Ok | Tr R(1) OK | OK NI NI | Tr Y | NI 
Type 442..... No. 2B No Y | OK Tr R(1) OK | OK NI | NI | TrY | NI 
Type 446..... No No Y | OK | Tr R(1) | OK | OK NI | NI | Tr ¥ | NI 
Type 446..... No. 2B No Y | OK Tr R(1) OK | OK NI | NI | ez | ME 
Type 301..... No No Y | OK Tr RQ) | OK | OK | NI | NI Tr Y | NI 
Type 301 No. 2B No Y | OK Tr R(1) OK | OK NI | NI | Tr Y | NI 
| | | 
Type 304..... No. | NoY | OK | Tr R(1) OK | OK NI | NI | TrY | NI 
Type 304 No. 2B | No Y | OK Tr R(1) | OK | OK NI | NI | TrY |; NI 
Type 201.....| No. 4 | No Y | OK OK | OK | OK NI | NI | TrY | NI 
Type 201.....| No. 2B | No Y | OK OK OK | OK NI | NI TrY | NI 
16-1-17....... No | No Y | OK 10% R OK | OK NI | NI | TrY | NI 
16-1-17....... No. 2B | No Y | OK 10% R OK | OK NI | NI | TrY | NI 
13-1-18....... No. 4 | NoY | OK 5% R OK | OK OK | OK | TrY ; OK 
13-1-18....... No. 2B | No Y | OK 5% R OK | OK OK | OK TrY | O& 
OK—No visible attack NI—Not inspected 
Y—Yellow stains %—As prefix to Y or R indicates percentage of surface area so 


R—Red rust 
P—Tiny pits 
Tr—Trace 


affected 


(1)—Particularly the exposed flange 
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REPORT OF COMMITTEE B-1 
ON 
WIRES FOR ELECTRICAL CONDUCTORS* 


Committee B-1 on Wires for Elec- 
trical Conductors held three meetings 
during the year: in Washington, D. C., 
on October 25, 1955; in New York, N. Y., 
on January 13, 1956; and in Roanoke, 
Va., on March 20, 1956. Meetings of 
Subcommittees II, IV, and VII also 
were held during the year. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, D. Halloran. 

Vice-Chairman, W. R. Hibbard. 

Secretary, A. A. Jones. 

The members-at-large elected to the 
Advisory Subcommittee are as follows: 
L. B. Curtis, A. A. Defoe, M. F. W. 
Heberlein, W. F. Markley, and E. M. 
Wolf. 

The subcommittee organization and 
their chairmen remain unchanged. 

The committee now consists of 82 
members, of whom 41 are classified as 
producers, 28 as consumers, and 13 as 

general interest members. 


REVISIONS OF TENTATIVES 
The committee recommends that the 


following six specifications be revised as 
indicated and continued as tentative: 


Tentative Specifications for Tinned Soft 
or Annealed Copper Wire for Electrical 
Purposes (B33-53T):' Revise as 
appended hereto.’ 


‘Tentative Specifications for Lead-Coated 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22. 1956. 

11955 Book of ASTM Standards, Part 2. 
_ ? The revised tentative appears in the 1956 
‘Supplement to Book of ASTM Standards, Part 


and Lead-Alloy-Coated Soft Copper 
Wire Electrical Purposes 
(B 189-53 T):' Revise as appended 
hereto.” 


Tentative Specifications for Concentric- 
Lay-Stranded Aluminum Conduc- 
tors, Steel-Reinforced (ACSR) (B 
232 - 55 T):! 


Section 1 (b).—Change to read as 
follows: 


For the purpose of these specifications, con- 
ductors are classified as follows: 

Class AA. For bare conductors usually used 
in overhead lines. These conductors are divided 
into two types as follows: 

(1) Conductors used for regular overhead 
line construction, and 

(2) Conductors having a high ratio of me- 
chanical strength to current-carrying capacity 
used for overhead ground wires and for extra- 
long span construction. 

Class A. For conductors to be covered with 
weather-resistant (weatherproof) materials. 


Section 2.—Change Item (J) to read: 
“Quantity of each size, stranding, and 
class.” 

Add a new Item (4) to read: “(4) Type 
of steel core wire and weight (standard, 
B or C) of coating (Section 3 (d)),” and 
renumber the subsequent Items ac- 
cordingly. 

Section 3 (b).—Add the following 
clause to the end of this section: “except 
that if so specified in the purchase order 
or contract, the requirements of Tenta- 
tive Specifications for Zinc Coated 
(Galvanized) Steel Core Wire (With 
Coatings Heavier than Standard Weight) 
For Aluminum Conductors, Steel-Rein- 
forced (ACSR) (ASTM Designation: 
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On WIRES FOR ELECTRICAL CONDUCTORS 


B 261) for wire of the specified coating 
weight shall apply.” 

Section 5.—-At the beginning of Para- 
graphs (a), (8), (c), (d), and (e) insert 
the phrase “For class AA conductors, 
the preferred...” 


TABLE I.—CONSTRUCTION 
QUIREMENTS OF CONCENTRIC-LAY- 
STRANDED ALUMINUM CONDUCTORS, 
STEEL-REINFORCED, CLASS A. 

(New Table II, B 232 - 55 T) 


Conductor Size Stranding 
(Aluminum) 
Aluminum Steel 
Num- 
m- Jiam- 
cir mils Awg | | in. | =| 
Wires Wires 
211 600 0000 | 6; 0.1878 1 | 0.1878 
167 800 000 6 | 0.1672, 1 | 0.1672 
133 100 00 6 | 0.1490, 1 | 0.1490 
105 600..... 0 6 | 0.1327; 1 | 0.1327 
83 690 1 6 | 0.1182) 1 | 0.1182 
66 360..... 2 7 | 0.0974; 1 | 0.1299 
66 360 2 6 | 0.1052; 1 | 0.1052 
52 620 3 6 | 0.0937; 1 | 0.0937 
Ser 4 7 | 0.0772; 1 | 0.1029 
41 740 4 6 a 1 | 0.0834 
33 090 5 6 | 0.0743; 1 | 0.0743 
26 240 6| 6 0.0661) 1 | 0.0661 


| 


Add a new Paragraph (f) to read as 
follows, and reletter the subsequent 
paragraphs accordingly: 

(f) For class A conductors, the lay of the 
aluminum wires of aluminum conductors, steel- 
reinforced, having a single wire steel core and 
one layer of aluminum wires shall be not less 


than 8 nor more than 16 times the outside 
diameter of the conductor. 


Section 6.—Change to read: “The 
number and diameter of aluminum and 
steel wires and the areas of cross-section 
of aluminum wires shall conform to the 
requirements prescribed in Tables J, II, 
and III (Notes 2 and 6).” 

Tabie I.—Change the table heading 
to read ‘Construction Requirements 
of Concentric-Lay-Stranded Aluminum 
Conductors, Steel-Reinforced, Class AA.” 
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New Table.—-Add a new Table II to 
read as shown in the accompanying 
Table I; and renumber the subsequent 
tables accordingly. 

Table IT.--Change the heading for the 
present Table II to read “Construction 
Requirements of High-Strength Con- 
centric-Lay-Stranded Aluminum Con- 
ductors, Steel-Reinforced, Class AA.” 

Section 10 (b).—To the end of this sec- 
tion add a reference to Note 8. 

New Explanatory Note-—Add a new 
Explanatory Note 8 to read as follows: 


Note 8.—The increment of weight or 
electrical resistance of a completed concentric- 
lay-stranded conductor (k) is 


k = 100 (m — 1) 


where m is the lay factor, and is the ratio of the 
weight or electrical resistance of a unit length 
of stranded conductor to that of a solid con- 
ductor of the same cross-sectional area or of a 
stranded conductor with infinite length of lay, 
that is, all wires parallel to the conductor axis. 
The lay factor m for the completed stranded 
conductor is the numerical average of the lay 
factors for each of the individual wires in the 
conductor, including the straight core wire, if 
any (for which the lay factor is unity). The lay 
factor (mina) for any given wire in a concentric- 
lay-stranded conductor is 


Length of lay 
where 7 = 


Diameter of helical path of the wire 


The derivation of the above is given in Circular 
No. 31 of the National Bureau of Standards. 


Tentative Specifications for Tinned 
Hard-Drawn and Medium-Hard- 


Drawn Copper Wire for Electrical — 


Purposes (B 246-51 T):! 


Section 2 (a).—Change “pure tin” to 
read ‘commercially pure tin.” 


Tentative Method for Determination of 
Cross-Sectional Area of Stranded 
Conductors (B 263 - 53 T):! 


Section 7.—In Paragraphs (a), (0), 
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and (c), change “k”’ to read “k = incre- 
ment (increase) of weight and electrical 
resistance (from product specifications) 
in per cent.” Also in Paragraph (c), 
change “ccs” to read “fers.” 


TABLE II.—THICKNESS OF COATING. 
(Revision of Table I, B 298 - 55 T) 


Thickness of Coating, Microinches 
(For Information Only) 
Diameter, in. | Class A, | Class B, | Class C, | Class D, 
1.25 2.50 | 4.00 6.10 

per cent | per cent | per cent | per cent 

Silver Silver Silver Silver 

0.1285...... 340 | 680 | 1 090 | 1 659 
We REEsive vas 303 | 605 970 | 1 477 
et eee 270 539 864 | 1 316 
0.0907...... 240 480 768 | 1171 
0.0808...... 214 428 684 | 1 043 
190 381 610 930 
0.0641...... 170 | 339 | 542 | 828 
ee 151 302 483 737 
0.0008...... 134 269 | 430 656 
0.0453...... 120 240 | 383 585 
0.0403...... 107 213 | 341 520 
0.0359...... 95 190 304 464 
@.0490...... 85 169 270 413 
0.0285...... 75 151 241 368 
0.0253...... 67 134 214 327 
60 120 191 | 292 
SS eee 53 106 170 | 260 
oy, ee 47 95 151 | 231 
0.0159...... 42 84 135 | 205 
0.0142...... 75 120 | 183 
0.0126...... 67 | 107 163 
0.0113...... 60 96 146 
0.0100...... 53 85 129 
0.0089 47 75 115 
0.0080...... 42 68 103 
0.0071../... 60 92 
0.0063...... 53 81 
0.0056...... 47 72 
0.0050...... 42 65 
0.0045. . 58 
52 
0.0035...... 45 
0.0031...... 40 


Tentative Specifications for Silver- 
Coated Soft or Annealed Copper Wire 
(B 298-55 T):! 


_ Section 1.—Replace the second and 
third paragraphs with the following: 


Class A.—Wire whose silver coating is at 
least 1.25 per cent of the total weight of the 
coated wire. 

- Class B.—Wire whose silver coating is at 
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least 2.50 per cent of the total weight of the 
coated wire. 

Class C.—Wire whose silver coating is at 
least 4.00 per cent of the total weight of the 
coated wire. 

Class D.—Wire whose silver coating is at 
least 6.10 per cent of the total weight of the 
coated wire. 


Table I.—Replace the columns en- 
titled “Thickness of Coating” as shown 
in the accompanying Table II leaving 
other columns unchanged. 

Section 4 (e).—Change to read as 
follows: 


(e) Weight of Coating.—The weight of coating 
expressed in per cent of the total weight of the 
wire shall be not less than 1.25 per cent for class 
A; 2.50 per cent for class B; 4.00 per cent for 
class C; and 6.10 per cent for class D. When 
coatings other than these classes are required, 
the weight of the coating shall be not less than 
that specified. For ease of comparison, the thick- 
ness of coating for these classes has been in- 
cluded in Table I (Note 3). 


Section 6 (d) (1).—Change the first 
sentence of the paragraph entitled 
“Treatment of Specimens” to read: 
“The specimens shall be thoroughly 
cleaned by immersion in a suitable or- 
ganic solvent such as benzine, ether, or 
trichloroethylene for at least 3 min; 
then removed and wiped dry with a 
clean, soft cloth (Caution: See Note 8).” 

Section 6 (d) (2).—-Change the heading 
for this Item to read “(2) Special So- 
lutions,” retaining the present heading 
and text as the first paragraph. 

Add the following new second para- 
graph under Item 2: 


Hydrochloric Acid Solution (sp gr 1.088).— 
Commercial HCl (sp gr 1.12) shall be diluted 
with distilled water to a specific gravity of 
1.088 measured at 15.5 C (60 F). A portion of 
the HCI solution having a volume of 180 ml 
shall be considered exhausted if it fails to re- 
move within 15 sec the discoloration of the 
silver due to the polysulfide immersion. 


Section 6 (d) (3).—Change the title 


“Immersion of Specimens” to read 
“Immersion in Polysulfide Solution.” 
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Change the title of the second para- 
graph “Washing Specimens” to read 
“Washing.” Add the following as the 
third paragraph: 

Immersion in Hydrochloric Acid.—After 
washing, the specimen shall immediately be im- 
mersed for 15 sec in the HCI solution described 
in Paragraph (d) (2), thoroughly washed in 


clean water, and wiped dry wity a clean, soft 
cloth. 


Explanatory Notes.—Add a new Note 8 
to read as follows, renumbering the sub- 
sequent notes accordingly: 

Note 8; Caution.—Consideration should be 


given to toxicity and flammability when select- 
ing solvent cleaners. 


The Note references in the body of 
the specifications also should be renum- 
bered. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Specifications for Soft or Annealed 
Coated Copper Conductors for Use in 
Hookup Wire for. Electronic Equipment 
(B 286 — 54 T) be continued as tentative 
without revision. 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following two specifications be approved 
for reference to letter ballot of the 
Society for adoption as standard without 
revision. These specifications have stood 
for two or three years as tentative, during 
which time no substantial criticism or 
suggestions for improvement have been 
received. 

Tentative Specifications for: 


Hard-Drawn Copper Wire (B 1-53 T),! and 
Soft or Annealed Copper Wire (B 3 - 54T).! 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
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mediate adoption revisions in the follow- 
ing six standards, and accordingly asks 
for the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that these revisions may be referred to 
letter ballot of the Society: 


Standard Specifications for Concentric- 
Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft 

(B 8-53): 


Section 1 (a).—Add to the end of this 
Paragraph: ‘These conductors shall be 
constructed with a central core sur- 
rounded by one or more layers of helically 
laid wires.’ 

Section 5 (f).—Change to read as 
follows: 


(f) The direction of lay for conductors having 
a nominal cross-sectional area larger than No. 
8 Awg shall be reversed in successive layers, 
unless otherwise specified by the purchaser. 


Section 10 (b).—Add to the end of 
this section a reference to Note 9. 

Section 11 (a).—Change “(Note 9)” to 
read “(Note 10).” 

New Explanatory Note—Add a new © 
Explanatory Note 9 to read as recom- 
mended for the new Note 8 of Specifica- _ 
tions B 232, renumbering subsequent — 
notes accordingly. 


Standard Specifications for Cored, An- © 
nular, Concentric-Lay-Stranded Cop- 
per Conductors (B 226 - 52):! 


Section 10 (b).—Change “(Note 3)” to 
read “(Notes 3 and 7).” 
New Explanatory Note-——Add a new 
Standard Specifications for Concentric- 
Lay-Stranded Copper Covered Steel 
Section 10.—At the end of this section 

ome 4)” to read “(Note 5).” 


Explanatory Note 7 to read as recom- 

mended for the new Note 8 of Specifica- 
Conductors (B 228 - 52):! 

Section 9 (b).—To the end of this 


tions B 232. 
paragraph add a reference to Note 4. 
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New Explanatory Note-——Add a new 
Explanatory Note 4 to read as recom- 
mended for the new Note 8 of Specifi- 
cations B 232, renumbering subsequent 
notes accordingly. 


Standard Specifications for Concentric- 
Lay-Stranded Copper and Copper 
Covered Steel Composite Conductors 
(B 229 - 52):! 


Section 9 (b).—To the end of this 
paragraph add a reference to Explana- 
tory Note 6. 

Table I.—Change the footnote refer- 
ence (a) “See Note 6” to read “See 
Note 7.” 

Section 12 (a).—Change “(Note 7)” 
to read “(Note 9).” 

New Explanatory Note—Add a new 
Explanatory Note 6 to read as recom- 
mended for the new Note 8 of Specifica- 
tions B 232 renumbering the subsequent 


notes accordingly. 


Standard Specifications for Concentric- 
Lay-Stranded Aluminum Conductors, 
Hard-Drawn and  Three-Quarter 
Hard-Drawn (B 231-55): 


Section 1 (a).—Add the following to 
the end of this Section: ‘“These conduc- 
tors shall be constructed with a central 


_ core surrounded by one or more layers of 


Standard Specifications for 


helically laid wires.” 

Section 5 (e).—Change to read as 
follows: 

(e) The direction of lay for conductors having 
a nominal cross-sectional area larger than No. 8 
Awg shall be reversed in successive layers, un- 
less otherwise specified by the purchaser. 

Section 9 (b).—To the end of this 
paragraph add a reference to Note 7. 

New Explanatory Note——Add a new 
Explanatory Note 7 to read as recom- 
mended for the new Note 8 of Specifica- 
tions B 232. 


Three- 
Quarter Hard Aluminum Wire for 
Electrical Purposes (B 262 55):! 


Section 10 (b).—Change the first 
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sentence to read: “Joints may be made 
during final drawing or in the finished 
wire by electrical butt welding or by 
cold pressure-welding, with the follow- 
ing provisions.” 

Through an oversight, this action was 
inadvertently omitted from last year’s 
report. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Editorial and 
Records (A. A. Jones, chairman) con- 
tinued its editorial review of specifica- 
tions and coordinated the various 
subcommittee recommendations regard- 
ing revisions of the various specifications. 

Subcommittee II on Methods of Test 
and Sampling Procedures (R. H. Lloyd, 
chairman) completed revision of Speci- 
fications B 33 and B 189 incorporating 
statistical sampling procedures, and of 
Specifications B 8, B 226, B 228, B 229, 
B 231, and B 232 incorporating a method 
of calculating lay factor for concentric- 
lay-stranded conductors. It is continuing 
its efforts to develop a method of cal- 
culating lay factor for bunch-stranded 
conductors. After long deliberation, it 
concluded that an alternate method (to 
the bell method) of measuring elongation 
in 60-in. gage length (for HD and MHD 
wire) is not needed. 

Subcommittee IV on Conductors of 
Copper and Copper Alloys (B. J. Sirois, 
chairman) assisted Subcommittee II in 
the revision of Specifications B 33 and 
B 189, completed revision of Specifica- 
tion B8 incorporating provision for 
unilay stranding of small conductors, 
and completed revision of Specifications 
B 298 incorporating provision for 4 
classes of silver-coated wire. 

Task groups are analyzing data on 
commercial production of soft square 
and rectangular copper wire to be used 
as a basis for establishing acceptance 
limits when tested in accordance with 
the Tentative Method of Test for Stiff- 
ness of Bare Soft Square and Rectangular 
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Copper Wire for Magret Wire Fabrica- 
tion (ASTM Designation: B 279); co- 
operating with the U. S. Army Signal 
Corps Engineering Laboratories in the 
study of grey-tin transformation; co- 
operating with the Radio-Electronics- 
Television Manufacturers Association 
(RETMA) in an endeavor to coordinate 
specification requirements for electronic 
hookup wire; considering revision of 
corner radii requirements in specification 
B48 to permit improved quality of 
film-coated magnet wire; cooperating 
with Underwriters’ Laboratories in an 
endeavor to coordinate iength of lay 
requirements in small copper conductors; 
and considering the possibility of de- 
veloping an industry standard test report 
form for reporting results of tests on 
bare conductors. 

The subcommittee also cooperated 
with the National Bureau of Standards 
in the revision of NBS Circular No. 31, 
the fourth edition of which now is 
available from the Superintendent of 
Documents. 

Subcommittee V on Conductors of 
Ferrous Metals (L. H. Winkler, chair- 
man) has a task group considering 
preparation of proposed specifications 
for aluminum-coated stéel core wire for 
ACSR Constructions. 


Subcommittee VII on Conductors of 
Light Metals (P. V. Faragher, chairman) 
completed revision of Specifications B 23 7 
incorporating provision for unilay strand- 
ing of small conductors, and of Specifica- 
tions B 232 providing for two classes of 
conductors and three types of core wire. 

Task groups are considering the 
preparation of proposed specifications 
for aluminum strap for magnet wire; 
preparation of proposed specifications 
for aluminum wire for communication 
(telephone) cable; revision of Specifica- 
tions B 231 to permit stranding con- 
ductors from wire of a temper different 
from that of the completed conductors; 
and revision of Specifications B 232 to 
coordinate lengths of lay of the various 
steel core strandings. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 81 members; 56 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


D. HALLORAN, 


a 


A. A. JONEs, 
Secretary. 


nade 
low- 
was 
ear’s 
and 
con- te 
ifica- 
rious 
ard- 
ions. 
Test 
oyd, 
peci- 
iting 
thod 
tric- “| 
juing 
cal- 
nded 
n, it | 2 
1 (to 
ation 4 
[HD 
de i 
tions 
i 
és 
» 
3 


REPORT OF COMMITTEE B-2 


ON 


NON-FERROUS METALS AND ALLOYS* | 


Committee B-2 on Non-Ferrous Met- 
als and Alloys met on June 28, 1955, in 
Atlantic City, N. J. Meetings of the 
Advisory Committee were held on June 
28, 1955, in Atlantic City and on Febru- 
ary 23, 1956, in New York City. 

W. A. Mudge was appointed Secre- 
tary of the Committee to succeed G. H. 
LeFevre who had asked to be relieved 
of these duties. 

E. H. Bunce and E. E. Schumacher 
were appointed as a special committee 
to handle research items for Committee 
B-2. 

Sidney Rolle and W. E. Milligan have 
been appointed to the group responsible 
for participation by the United States in 
the work of Technical Committee 26 on 
Copper and Copper Alloys of the Inter- 
national Organization for Standardiza- 
tion. 

The committee has had a very active 
group under the chairmanship of G. H. 
Harnden in arranging for a Symposium 
on Solder! at the 1956 Annual Meeting 
of the Society. The symposium will 
comprise four sessions. 

A Symposium on Titanium? has been 
planned for the Second Pacific Area 
National Meeting to be held in Sep- 
tember, 1956, in Los Angeles, Calif. 

The officers elected for the ensuing 
two-year term are as follows: 

Chairman, Bruce W. Gonser. 

Secretary, W. A. Mudge. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
1 Issued as separate publication ASTM STP 
No. 189. 
2 Issued as separate publication ASTM STP 


No. 204. 
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TENTATIVES CONTINUED 
WitHout REVISION 


The committee recommends that the 
following 12 specifications be continued 
as tentative without change: 


Tentative Specifications for: 


Nickel-Copper Alloy Plate, Sheet, and Strip 
(B 127-49T), 

Nickel Rods and Bars (B 160 - 49T), 

Nickel Seamless Pipe and Tubing (B 161 - 49 T), 

Nickel Plate, Sheet and Strip (B 162 - 49 T), 

Seamless Nickel and High Nickel Alloy Con- 
denser, Evaporator and Heat-Exchanger 
Tubes (B 163 49 T), 

Nickel-Copper Alloy Rods and Bars (B 164- 
49T), 

Nickel-Copper Alloy Seamless Pipe and Tubing 
(B 165 - 49 T), 

Nickel-Chromium-Iron Alloy 
(B 166-49T), 

Nickel-Chromium-Iron Alloy Seamless Pipe and 
Tubing (B 167 - 49 T), 

Nickel-Chromium-Iron Alloy Plate, Sheet, and 
Strip (B 168 - 49 T), 

Titanium Strip, Sheet, Plate, Bar, Tube, Rod, 
and Wire (B 265-527), and 

Rosin Flux Cored Solder (B 284-53 T). 


Rods and Bars 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Refined Lead, Tin, 
Antimony, and Bismuth (Sidney Rolle, 
chairman).—A task force is considering 
the preparation of specifications and 
terminology for secondary lead. At 
present the forms of primary leads are 
covered in Specification B 29. The task 
force which is studying the classification 
of tin will report at the 1956 Annual 
Meeting. 

Subcommittee VII on Refined Nickel 
and Cobalt, High-Nickel Alloys, and 
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High-Cobalt Alloys Cast and Wrought 
(O. B. J. Fraser, chairman; E. R. Pat- 
ton, secretary).— Specifications for two 
Hastelloy alloys in wrought and cast 
forms have been submitted to the 
subcommittee membership for letter 
ballot. For determining the yield strength 
of cast Hastelloy, the 0.2 per cent offset 
procedure will be used in place of the 
0.5 per cent elongation under load. 

Revisions in Specifications B 127, 
B 160, B 161, B 162, B 163, B 164, B 165, 
B 166, B 167, and B 168 have also been 
submitted to letter ballot of the sub- 
committee. 

Subcommittee VIII on Miscellaneous 
Refined Metals and Alloys (E. E. Schu- 
macher, chairman).—A coding system 
for titanium alloys is under investigation 
and will be submitted for consideration 
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at the 1956 Annual Meeting. This sub- 


committee has also done considerable © 


work in preparing for the titanium sym- 
posium at the West Coast —_ in 
September, 1956. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 158 members; 78 members 
returned their ballots, of whom 76 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


Bruce W. GONSER, 


Chairman. 
W.A. MupGE, 


Secretary. 
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REPORT OF COMMITTEE B-3 


ON 


CORROSION OF NON-FERROUS METALS AND ALLOYS* 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held two 
meetings during the year: in Atlantic 
City, N. J., on June 30, 1955, and in 
Buffalo, N. Y., on February 28, 1956. 

The committee consists of 97 members, 
of whom 85 are voting members; 35 are 
classified as producers, 30 as consumers, 
and 20 as general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, K. G. Compton. 

Vice Chairman, E. K. Camp. 

Secretary, A. W. Tracy. 


-TENTATIVES CONTINUED WITHOUT 
REVISION 


- The committee recommends that the 
following test methods be continued 
as tentative without change: 


Tentative Method of: 


Total Immersion Corrosion Test of Non-Ferrous 
Metals (B 185 - 43 T), 

Alternate Immersion Corrosion Test of Non- 
Ferrous Metals (B 192 - 44 T), 

Salt Spray (Fog) Testing (B 117 - 54 T), and 

Acetic Acid-Salt Spray (Fog) Testing (B 287 - 
54 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Spray Test (C. O. 
Durbin, chairman) plans to study 
further the factors affecting spray test 
results—the effect of metallic impurities 
in the salt; the range limits on fog col- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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lection; and the pH limits for the acetic 
acid-salt spray test. 

Subcommittee VII on Weather (C. P. 
Larrabee, chairman).—The task group 
which is calibrating the corrosivity of 
the several ASTM test sites by means 
of zinc and steel specimens is continuing 
its work. The group studying the 
measurement of impurities in the at- 
mosphere is trying to find some correla- 
tion between atmospheric pollution and 
results of the calibration tests. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (G. V. Kingsley, 
chairman).—The assemblies of stainless 
steel disks coupled to other metals 
which have been on exposure 15 years 
will be brought in this year. The con- 
tact resistance of couples will be meas- 
ured; then they will be visually ex- 
amined, disassembled, cleaned, and 
weighed. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 85 voting members; 65 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 


K. G. CompPrTon, 
Chairman. 


A. W. Tracy, 
Secretary. 
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REPORT OF COMMITTEE B-4 
ON 


METALLIC MATERIALS FOR ELECTRICAL HEATING, ELECTRICAL 
RESISTANCE AND ELECTRICAL CONTACTS* 


Committee B-4 on Metallic Materials 
for Electrical Heating, Electrical Re- 
sistance and Electrical Contacts held 
three meetings during the year: in At- 
lantic City, N. J., on June 27 and 28, 
1955; in Philadelphia, Pa., on November 
10 and 11, 1955; and in Pittsburgh, Pa., 
on March 8 and 9, 1956. 

The present membership of Commit- 
tee B-4 totals 53 members, of whom 22 
are classified as producers, 24 as con- 
sumers, and 7 as general interest mem- 
bers. 

At the June, 1955, meeting Subcom- 
mittee VIII was reorganized and set up 
as the new ASTM Committee F-1 on 
Materials for Electron Tubes and Semi- 
conductor Devices. The title and scope 
of Committee B-4 were accordingly 
changed to the following: 


Title—-Committee B-4 on Metallic Ma- 
terials for Electrical Heating, Electrical Re- 
sistance and Electrical Contacts. 

Scope.—Jurisdiction over the formulation 
of specifications and methods for testing me- 
tallic materials used in the construction of 
electrical heating devices, electrical resist- 
ance devices, electrical contacts, thermosen- 
sitive elements in thermostats, as well as the 
stimulation of research and standardization 
of nomenclature to accomplish the foregoing 


purposes. 
The committee is sponsoring a Sym- 
posium on Electrical Contacts to be held 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society. June 17-22, 1956. 


at The Pennsylvania State University, 
University Park, Pa., during the week 
of June 24, 1956. A similar symposium 
was sponsored by the committee at this 
locale in 1954, 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, E. I. Shobert, II. 

Vice-Chairman, Edward E. Edmunds. 

Secretary, C. K. Strobel. 

Assistant Secretary, C. L. Guettel. 

The following were elected Honorary 
Members of the committee: P. H. Brace, 
F. E. Carter, and R. D. Van Nordstrand. 


NEw STANDARDS, IMMEDIATE ADOPTION 


The committee recommends that the 
Method of Test for Maximum Loading 
Stress at Temperature of Thermostat 
Metals (Cantilever Beam Method) be 
approved for reference to letter ballot 
of the Society for adoption as standard 
as appended hereto! and accordingly re 
quests the necessary nine-tenths af- 
firmative vote at the Annual Meeting ir 
order that the revisions may be referred 
to letter ballot of the Society. 


ADOPTION OF TENTATIVES AS STANDARD 
REVISIONS 


The committee recommends that the 
following tentatives be revised as ap- 
pended hereto! and approved for refer- 


1 These tentatives appear in the 1956 Supple- 
ment to Book of ASTM Standards, Part 2. 


» 


ve ¥ | 
4 
. 
2 
» 
p 
of 
4 
IS 
g 
d : 
é 
d 
3S 
- 
a 
ey 
h 
| 
yf 
1 
- 
> 
4 3 


ence to letter ballot of the Society for 
adoption as standard: 


Tentative Method of Test for: 

Flexivity of Thermostat Metals (B 106 - 51 T);? 
and 

Modulus of Elasticity of Thermostat Metals 
(Cantilever Beam Method) (B 223 - 51 T)2? 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
‘mediate adoption the following revisions 
of the Standard Method of Test for 
Change of Resistance with Temperature 
of Metallic Materials for Electrical 
Heating (B 70 - 39)?, and accordingly 
requests the necessary nine-tenths af- 
firmative vote at the Annual Meeting in 
order that the revisions may be referred 
to letter ballot of the Society: 

Section 6 (a).—Change the second sen- 
tence to read as follows: 


The temperature of the furnace shall then be 
brought to the maximum specified temperature 
of test for the alloy in question and held at this 
value until the resistance of the specimen re- 
mains constant except for the relatively slow 
changes due to oxidation. 


In line 12 change “200 C” to read 
200 F.” 


WITHDRAWAL OF STANDARD 


_ The committee recommends the with- 
drawal of the Standard Method of Test 
for Equivalent Yield Stress of Thermo- 
stat Metals (B 191 -50).? This stand- 
ard is being replaced by the new Method 
of Test for Maximum Loading Stress at 
Temperature of Thermostat Metals. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Electrical Heating 
and Resistance Materials (C. W. Arm- 
strong, chairman).—Detailed changes are 
under consideration for Specifications 
B 267 and B 82 and also for the tenta- 


21955 Book of ASTM Standards, Part 2. 
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tive revision of Method B 76. Studies are 
in progress on the temperature-resistance 

curves for 60 nickel, 15 chromium and 35 

nickel, 20 chromium alloys; studies are 

also under way on an accelerated life test 

for iron-chromium-aluminum alloys. 

Subcommittee II on Wrought and Cast 
Alloys for High Temperature Use (E. 
Edmunds, chairman) has been reviewing 
the standards under its jurisdiction and, 
in addition, has continued its investiga- 
tions of deterioration of metals under 
high temperature conditions. An at- 
tempt is being made to define the 
various types of attack and after the 
definitions are secured, to work on each 
basic type of attack separately. Methods 
of measuring the rate of attack, which 
are realistic from the point of applica- 
tion, are also being considered. 

Subcommittee III on Thermostat Metals 
(P. H. Brace, chairman) has prepared 
a new standard as reported above. Other 
work on application testing of various 
bimetal materials is being considered. 

The subcommittee has _ recognized 
that the test methods for Resistivity 
of Metallically Conducting Resistance 
and Contact Materials (B 63), Change 
of Resistance with Temperature of 
Metallic Materials for Electrical Heat- 
ing (B 70), and Diamond Pyramid 
Hardness of Metallic Materials (E 92), 
are applicable to the testing of thermo- 
stat metals. 

Subcommittee IV on Coniact Materials 
(J. D. Kleis, chairman): 

Section A on Life Tests (T. K. 
Knapp, chairman).—The results of a 
considerable amount of work by various 
laboratories to correlate data on surety 
of make in contact materials have been 
analyzed statistically. The correlation 
at present is not satisfactory and a new 
approach is being considered. 

Section B on Physical Properties (F. 
R. Farnham, chairman).—Tests on the 
method of measuring heat conductivity 
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will be carried out shortly in various 
laboratories. 

Section C on Standardization of Con- 
tact Forms and Sizes (D. K. Wells, 
chairman).—Tables of dimensional 
standards for projection welding con- 
tacts have been agreed upon and sub- 
mitted to the American Standards Asso- 
ciation for consideration. 

Section D on High Current Contacts 
(M. R. Swinehart, chairman) has com- 
pleted collaborative tests on contact re- 
sistance of closed contacts with satis- 
factory results. A design of a machine is 
now being considered to measure the 
resistance of contact materials to damage 
by arcing. 

Section E on Bibliography (E. L. 
Shobert II, chairman) has nearly com- 
pleted the 1955 Supplement to the 
Bibliography on Electrical Contacts. 

Section F on Microcontacts (A. L. 
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VanEmden,  chairman).—Interlabora- 
tory tests using a special testing device 
to measure the reliability of microcon- 
tacts have not been in close agreement. 
Methods are being considered for revising 
the test and improving this correlation. 

Consideration is being given to the 
desirability of the subcommittee under- 
taking work on plug-in contacts and slid- 
ing contacts. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 53 members; 39 members re- 
turned their ballots, of whom 33 voted 
affirmatively and 0 negatively. 


Respectfully submitted in behalf of 
the committee, 


E. I. SHoBERT II, 


Chairman. 
C. K. STROBEL, 


Secretary. 2 
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REPORT OF COMMITTEE B-5 


-~COPPER AND COPPER ALLOYS, CAST AND WROUGHT* 


Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held two 
meetings during the year: at Phil- 
adelphia, Pa., on October 6, 1955, and at 
New York, N. Y., on January 26, 1956. 
At these two sessions the Executive 
Subcommittee and Subcommittees W-1, 
W-2, W-3, W-4 and G-1 also met. 

During the year, 12 members were 
added to the committee and there were 
15 removals. At the present time the 
committee consists of 131 members, of 
whom 108 are voting members; 49 are 
classified as producers, 40 as consumers, 
and 19 as general interest members. 

Officers elected for the ensuing two- 
year term are as follows: 

_ Chairman, G. H. Harnden. 

First Vice-Chairman, W. D. France. 
_ Second Vice-Chairman, William Ro- 
manoff. 

Secretary, L. H. Adam. 

A paper entitled “The Mechanical 
Properties of Wrought Phosphor Bronze 
Alloys” by G. R. Gohn and J. P. Guerard 
of Bell Telephone Laboratories, Inc. 
and H. S. Freynik of the Riverside 
Metal Co. was presented at the October 
meeting of the committee, and has been 
published by ASTM as STP No. 183. 


RECOMMENDATIONS AFFECTING 
STANDARDS 
The committee is submitting one new 
tentative specification, revisions in two 
tentative specifications, revisions in 
four standard specifications for imme- 
diate adoption, and the adoption of two 
tentatives as standard. The standards 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. 


and tentatives affected, together with 
the revisions recommended, are covered 
in detail in the Appendix to this report.! 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee W-1 on Plate, Sheet, and 
Strip (A. E. Moredock, chairman) 
recommended revisions for immediate 
adoption in Standard Specification B 36, 
prepared by a task group (M. D. Hel- 
frick, chairman). 

Among the subjects being considered 
by the subcommittee are the prepara- 
tion of a specification for tin-coated 
copper; the revisions of “Basis of Pur- 
chase”’ sections; the limitations in plate 
size for Specification B 100; the revision 
of chemical requirements for alloy No. 8 
in Specification B 122; the application 
of special thickness tolerances for copper- 
beryllium alloy to other materials in 
Specification B 248; the revision of 
mechanical properties, straightness toler- 
ances, and grain-size requirements, and 
the addition of a hardness conversion 
table in Specification B 194; and the 
revision of chemical and physical re- 
quirements in Specification B 103. 

Subcommittee W-2 on Rods, Bars, and 
Shapes (J. D. MacQueen, chairman) 
recommended that Specification B 283 
be adopted as standard without revision 

1 See p. 161. 

* The letter ballot vote on these recommen- 


dations was favorable, the results of the vote 
are on record at ASTM Headquarters. 
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and that Specification B 133 be con- 
tinued as tentative without revision. 

The subcommittee is considering a 
number of subjects including the clari- 
fication of requirements for test speci- 
mens in Specification B 139, the prepa- 
ration of requirements for leaded brass 
rods of other than the free-cutting brass 
in Specification B 16, and the revision 
of chemical requirements for rod of type 
OF copper. 

Subcommittee W-3 on Wire and Wire 
Rod (Sidney Metzger, chairman) recom- 
mended revisions for immediate adop- 
tion in Standard Specification B 206 
and that Specification B 272 be con- 
tinued as tentative without revision. 

A task group (P. B. Tursi, chairman) 
prepared the tentative revisions for 
Specification B 206. 

Some current projects of the subcom- 
mittee are the revision of chemical re- 
quirements, and provisions for stress- 
relief annealing alloy A spring wire in 
Specification B 159; and preparation of 
requirements for flat copper products 
with finished edges in sizes not provided 
for in Specification B 272. 

Subcommittee W-4 on Pipe and Tube 
(G. C. Mutch, chairman) recommended 
that revisions be incorporated in Tenta- 
tive Specifications B 251 and B 302. 
Revisions for immediate adoption were 
recommended in Standard Specifications 
B 111. and B 188. The subcom- 
mittee recommended the proposed new 
Tentative Specification for Copper 
Drainage Tube (DWV)* prepared by a 
task group (B. J. Sirois, chairman). 

A task group (L. H. Adam, chair- 
man) prepared the revision for Specifica- 
tion B 111. Another task group (B. J. 
Sirois, chairman) prepared the revisions 
for sampling requirements in Specifica- 
tions B 251 and B 302. 

Among the subjects under considera- 
tion in the subcommittee are the revision 


3 The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 2. 
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of hardness requirements in Specifica- 
tions B 75, B 88, B 135 and B 188; for 
Specification B 111, the revision of re- 
quirements for the expanding test and 
for dimensional tolerances; preparation 
of a new specification for copper-silicon 
alloy pipe and tube; the revision of 
tensile requirements in Specification 
B 42 when the material is used in appli- 
cations covered by the ASME Boiler 
and Pressure Vessel Code; preparation 
of requirements for 5S and 10S size 
schedules for pipe; revision of chemical 
requirements for type OF copper in 
Specification B 75; and the study of 


statistical sampling for Specification ° ’ 


B 75 and other tube specifications. 

Subcommittee F-1 on Castings, and 
Ingots for Remelting (G. H. Clamer, 
chairman; M. L. Steinbuch, secretary) 
recommended that Specification B 292 
be adopted as standard without revision. 

The subcommittee is working on the 
revision of chemical requirements in 
Specification B 198, the review of 
chemical compositions for the proper 
number of significant figures, and is 
assembling data on properties of cast — 
copper-base alloys. 

Subcommittee G-1 on Methods of Test — 
(G. R. Gohn, chairman; J. P. Guerard, 
secretary) reviewed the changes in the 
tension test specimen for tubular 
products (Fig. 13 of Methods E 8) as 
proposed by Subcommittee 4 of Com- 
mittee E-1 on Methods of Testing and 
recommended the adoption of the modi- 
fied test specimen subject to the reten- 
tion of a note controlling parallelism 
and _ taper. 

The subcommittee called attention 
to the fact that it had not yet had an 
opportunity to determine whether the re- 
vised unified Tentative Methods for De- 
termining the Average Grain Size of 
Metals (E 112) meets the needs of the > 
copper and brass industry and asked © 
Committee B-5 to discuss this officially 
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matter with Committee E-4. Work is 
continuing on the preparation of a 
recommended practice on dimensional 
measurements, and on a study of the 
relation between the thickness of the 
test strip and the Rockwell hardness. 
The subcommittee is also reviewing all 
of the specifications under the jurisdic- 
tion of Committee B-5 to determine 
whether or not the various methods of 
test are specified in sufficient detail. 
Subcommittee G-3 on Editorial and 
Publications (W. F. Roeser, chairman) 
in cooperation with Subcommittee F-1 
and the “W” subcommittees is reviewing 
the specifications under the jurisdiction 
of these subcommittees for editorial 
consistency. The subcommittee has been 
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assigned the responsibility of fostering 
technical papers to be presented at 
meetings of Committee B-5 or the 
Society under the sponsorship of Com- 
mittee B-5. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 108 voting members; 87 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
G. H. HARNDEN, 
Chairman. 
V. P. WEAVER, 
Secretary. 
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APPENDIX 


RECOMMENDATIONS, AFFECTING STANDARDS FOR COPPER 
AND COPPER. ALLOYS, CAST AND WROUGHT 


This Appendix contains the recom- 
mendations affecting certain standards 
covering copper and copper alloys which 
are referred to earlier in this report. The 
standards appear in their present form 
in the 1955 Book of ASTM Standards, 
Part 2. 


NEW TENTATIVE 


The committee recommends that the 
Specification for Copper Drainage Tube 
(DWV) be accepted for publication as 
tentative as appended hereto." 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following two tentative specifications be 
revised as indicated and continued as 
tentative: 


Tentative Specification for General 
Requirements for Wrought Seamless 
Copper and Copper-Alloy Pipe and 
Tube (B 251-55 T): 

Section 4.—In Paragraph (a) change 

“Portion Size” to read as follows: 
Portion Size-—Sample pieces shall be taken 


for test purposes from each lot according to the 
following schedule: 


Number of Pieces Number of Sample 


in Lot Pieces tobe Taken 
1 
2 
201 to 1500......... 3 
Over 1500. . . 0.2 per cent of total 


number of pieces in the 
lot 


* 1The new "tentative appears in the 1956 
Supplement ,to Book of ASTM Standards, 
Part 2. 


Change Paragraph (c) to read as 
follows: 


(c) Physical Tests—For the physical tests, 
unless otherwise provided in the product speci- 
fication, a specimen shall be taken from each of 
the pieces selected in accordance with Paragraph 
(a). The required physical test shall be made on 
each of the specimens so selected. In the case of 
Rockwell tests, the number of hardness read- 
ings shall not be less than three on each of the 
specimens. 


Section 7—Change Paragraph (d) to 
read as follows: 


(d) If the results of any test made to deter- 
mine the physical properties fails to meet the 
specified limits, this test shall be repeated on 
each of two additional specimens taken from 
different pieces and the results of both of these 
tests shall comply with the specified require- 
ments. 


In Paragraph (e), the first sentence, 
change “four” to read “additional.” 


Tentative Specification for Threadless 
Copper Pipe (B 302 - 55 T): 


Section 9.—Change Paragraph (a) to 
read as follows: 


(a) Sample pieces shall be selected for test 
purposes from each lot of 5,000 lb or fraction 
thereof, of each size according to the following 
schedule: 


Number of Number of Sample 
Pieces in Pieces to be 
Lot Taken 
2 
3 


Change Paragraph (c) to read: 


(c) Physical Tests.—The required physical 
test shall be made on specimens taken from each 
sample piece selected. In the case of the Rock- 
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well tests, the number of hardness readings shall 
not be less than three on each specimen. 


Section 12,—-Change Paragraph (0) to 
read as follows: 


(b) If the result of any test fails to conform 
to the requirements of Section 6, this test shall 
be repeated on two additional specimens taken 
from different pieces, and the result of both of 
these tests shall comply with the specified re- 
quirements. 


In paragraph (c), the first sentence, 
change “four” to read “additional.” 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions in the four 
specifications as indicated below and, 
accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that these 
revisions may be referred to letter ballot 
of the Society. 


Standard Specification for Brass Plate, 
and Rolled’ Bar 
(B 36-55): 


New Section.—Add a new Section 2 to 
read as follows, renumbering subsequent 
sections accordingly: 


2. Ordering Information.—Orders for ma- 
terial under this specification should include the 
following information: 

(1) Quantity, 

(2) Name of material: brass, 

_ (3) Form of material: plate, sheet, strip or 
rolled bar, 

(4) Alloy No. (Section 1(a)), 

(5) Temper (Sections 5 and 6), 

(6) Dimensions: thickness and width, and 
length if applicable, 

(7) How furnished: rolls, stock lengths with 
or without ends, specific lengths with or without 
ends (Section 10 (d)), 

(8) Type of edge, if required: slit-, sheared-, 
sawed-, rolled-edges square corners, rolled edges 
rounded corners, rolled rounded edges, rolled full 
rounded edges, 

(9) Type of width and straightness tolerances, 
if required: slit metal tolerances, square-sheared 
metal tolerances, sawed metal tolerances, 


straightened or edge-rolled metal tolerances 
(Sections 10(c) and (e)), 
(10) Specification number and date, and 
(11) Special tests or exceptions, if any. 


Section 3.—Delete the present Section 
3 on “Basis of Purchase” and renumber 
subsequent sections accordingly. 


TABLE I.—CROSS-SECTIONAL AREAS. 


Cross-Sectional Area of Wall, sq in.* 
Pipe Size, in. E 
Regular xtra 

Pipe Type TP 

yy 0.118 | 0.161 0.097 

3¢ 0.165 0.219 0.125 

\% 0.246 | 0.323 0.158 

4 0.335 0.440 0.201 

1 0.471 0.648 0.255 

1% 0.694 0.893 0.326 

114 0.825 1.08 0.375 

2 1.09 1.50 0.472 

216 1.58 2.28 0.574 

3 2.26 3.05 0.891 
314 2.95 3.71 117 
4 3.34 4.46 1.48 
5 4.17 6.11 2.25 
6 5.01 8.50 3.21 
8 8.15 12.8 5.42 
10 11.9 16.1 8.44 
12 14.6 eee 12.2 


*1 sq in. = 1,000,000 sq mils. 


Standard Specification for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 - 54): 


Section 10.—Insert the following after 
the second sentence: “In all other cases 


the test specimen shall include the 


finished tube end.” 


Standard Specification for Seamless 
Copper Bus Pipe and Tube 
(B 188-55): 


Tables II and III,—Delete column 
headed “Cross-Sectional Area of Bore, sq 
in.” and replace with a column headed 
“Cross-Sectional Area of Wall, sq in.” as 
indicated in the accompanying Table I 
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Standard Specification for 
Nickel-Zinc Alloy (Nickel 
Wire (B 206 ~ 54): 


Section 1.—Add alloy E for general 
use, with nominal composition of 65 
per cent copper, 10 per cent nickel, 25 
per cent zinc. 

Table I.—Add alloy E with chemical 
requirements as follows: 


Copper- 
Silver) 


Copper, per cent........... 63.5 to 66.5 
Nickel, per cent............ 9.0 to 11.0 
Lead, max, per cent........ 0.05 
Iron, max, per cent......... 0.25 
Manganese, max, per cent... 0.50 
remainder 


Table II.—Change column heading 
“Alloy D” to read “Alloys D and E.” 
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Table III.—Add “E” to each line 
under the column heading “Alloy.” 


ADOPTION OF TENTATIVES AS STANDARD 
WitHout REVISION 


The committee recommends that the 
following two tentatives be approved for 
reference to letter ballot of the Society 
for adoption as_ standard without 
revision: 


Tentative Specifications for: 


Copper and Copper-Alloy Die Forgings (Hot 
Pressed) (B 283 - 53 T), and 
Nickel-Tin Bronze Castings (B 292 - 54 T). 
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REPORT OF COMMITTEE B-6 
ON 


DIE-CAST METALS AND ALLOYS* 


Committee B-6 held two meetings 
during the year: in Atlantic City, N. J. 
on June 29, 1955, and in Buffalo, N. Y., 
on February 29, 1956. 

At the present time the committee 
consists of 95 members, of whom 48 
are classified as producers, 24 as con- 
sumers and 23 as general interest mem- 
bers. 

The officers and 6 members-at-large on 
the Advisory Committee elected for the 
ensuing term of two years are as follows: 

Chairman, W. Babington. 

Vice-Chairman, A. E. Weiss. 

Secretary, G. L. Werley. 

Advisory Committee: Members-at- 
large, F. C. Bennett 

D. L. Colwell 
R. F. Cramer 
A. E. Martin 
J. W. Meier 

A. J. Prickett 


REVISION OF TENTATIVES 


The committee recommends that 
the following tentative be revised as in- 
dicated and continued as tentative: 


Tentative Specifications for Aluminum- 


Base Alloy Die Castings (B 85 — 54 T):! 
New Section.—Add a new Section 10 
to read as follows: 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
11955 Book of ASTM Standards, Part 2. 


10. The Appendix contains a table which 
shows certain casting and other outstanding 
characteristics which are usually considered in 
selecting a die-casting alloy for a specific ap- 
plication. The characteristics are rated from 
(1) to (5), (1) being the best and (5) being the 
least desirable alloy. In applying these ratings, 
it should be noted that all the alloys have suf- 
ficiently good characteristics to be accepted by 
users and producers of die castings. Hence a rat- 
ing of (5) indicates a commercial alloy, although 
in certain cases its application may be limited 
or its manufacture may be restricted to rela- 
tively simple castings. 


Appendix.—Add the accompanying 
Table I as an Appendix to the specifica- 
tions. 


TENTATIVE CONTINUED 
WITHOUT REVISION 


The committee recommends that the 
Tentative Specification for Zinc-Base 
Alloys in Ingot Form for Die Castings 
(B 240 — 52 T)! be continued as tentative 
without revision. 


EDITORIAL CHANGE 


In order to correct an error, the com- 
mittee recommends the following edi- 
torial change in the Standard Specifica- 
tions for Copper-Base (Brass) Alloy 
Die Castings (B 176-52):! 

Section 4.—In the Note, change the 
yield strength of Alloy ZS144A from 
“30,000 psi” to 50,000 psi.” 

The recommendations in this report 
have been submitted to letter ballot of 
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the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum-Base 
Die-Casting Alloys (E. V. Blackmun, 
chairman) reports that new mechanical 
properties have been determined for 
Alloys SG100A and SG100B but that 
these results as well as those reported 
a year ago for SC84A and SC84B 
will be reviewed further before being 
recommended for inclusion in the Ap- 
pendix of Specifications for Aluminum- 
Base Alloy Die Castings (B 85). 

Mechanical properties for Alloys S$12A 
and S12B are being determined and 
similar tests are planned for Alloys 


SC114A, G8A and 
Consideration is being given to 
changing the chemical requirement 


limits for 0.5 per cent or less to two 
significant places in Specification B 85 
for the purpose of achieving better 
coordination with the Ingot Specifica- 
tion (B 179). 

The subcommittee prepared the re- 
visions in Specification B85 — 54 T 
covered earlier in this report. 

Approval is being sought for the re- 
moval of alloys SC-54A and SC-54B 
from Specification B 85 on the basis of 
near obsolescence due to commercial 
preference for the more castable alloys 
SC-84A and SC-84B. 

Subcommittee II on Zinc-Base Die- 
Casting Alloys (A. E. Weiss, chairman).— 
_ The recommendations made by the 
task group in the recording of the evolu- 
tion of the present zinc die-casting alloys 
and the description of their relative 
differences are being put to separate 
letter ballots in an attempt to accelerate 

2 The letter ballot vote on these recommen- 


dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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acceptance of at least some of the 
recommendations. 

Subcommittee V on Exposure and Cor- 
rosion Tests (D. H. Kleppinger, chair- 
man).—A task group has been appointed 
to prepare a report on the mechanical 
properties of aluminum Alloys IVa, 
V, and Va after 5, 10 and 20 years’ 
exposure at Altoona, Pa., and New 
York City for publication by Committee 
B-6. The same task group will also 
compile the exposure test data for alumi- 
num Alloys G8A, SG-100A, and SC-84A 
for publication in the ASTM Bvuttetin. 

The three-year exposure bars of the 
SC-84A alloy with controlled zinc con- 
tents are scheduled to be removed in 
April, 1956, from the New York Port 
Authority roof, and from the 80- and 
800-ft sites at Kure Beach, N. C. Plans 
for testing these specimens have been 
completed. 

The New York Port Authority roof 
has become an undesirable exposure site 
due to its proximity to a helicopter port. 
A new New York area site, in the U. S. 
Steel Supply Division grounds in 
Newark, N. J., has been made available 
to the subcommittee. A task group is to 
determine whether the SC84A_speci- 
mens should be discarded or moved, 
and if moved, whether they should be 
cleaned before re-exposure at the new 
site. 

Subcommittee VII on Magnesium- 
Base Die-Casting Alloys (V. D. Sweeney, 
chairman).—Consideration is being given 
to changing the chemical requirement 
limits for 0.5 per cent or less to two 
significant places in Table I of the 
Specifications for Magnesium-Base Alloy 
Die Castings (B 94-52). 

Subcommittee VIII on Brass Die- 
Casting Alloys (J. C. Fox, chairman) 
has encountered a further delay in 


j 
; 
ay leterm mechanical 
roperties for Alloy 25331. 


On Die-Cast METALS AND ALLOYS 5 


Subcommittee IX on Die Casting Proc- 
esses (A. E. Martin, chairman).—has 
completed its assignment and it has 
asked to be discharged in June, 1956. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 95 members: 93 members 
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returned their ballots, all of whom have > 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
W. BABINGTON, 
Chairman. 
GEORGE L. WERLEY, 


Secretary. 
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REPORT OF COMMITTEE B-7 


ON 


‘LIGHT METALS AND ALLOYS, CAST AND WROUGHT* 


Committee B-7 on Light Metals and 
Alloys held two meetings during the 
year: at Atlantic City, N. J., in June 
1955, and at Buffalo, N. Y., in February 
1956. 

The committee consists of 87 mem- 
bers, of whom 85 are voting members; 
39 are classified as producers, 31 as con- 
sumers, and 17 as general interest mem- 
bers. 

During the year, R. L. Templin 
resigned from the committee and as 
chairman of Subcommittee V because of 
ill health; F. S. Mapes and J. C. Jones 
passed away. 

The following appointments, including 
replacements, were made: J. C. Millson 
was appointed Chairman of Subcom- 
mittee V on Testing Light Metals to 
replace R. L. Templin. Representatives 
appointed on subcommittees of Com- 
mittee E-1 were as follows: 2 on Speed 
of Testing, A. A. Moore to replace R. R. 
Moore; 3 on Elastic Strength of Ma- 
terials, J. C. Millson to replace R. L. 
Templin; 5 on Compression Testing, 
J. C. Millson to replace R. L. Templin; 
6 on Indentation Hardness, F. M. Howell 
to replace F. S. Mapes; 7 on Impact 
Testing, J. C. Millson to replace F. S. 
Mapes; and 16 on Thickness Measure- 
ment, H. D. Monsch. The representative 
appointed to serve on Committee E-12 
on Appearance was Fred Keller and on 
Subcommittee III on Aluminum and 
Aluminum-Alloy Filler Metal of the 
ASTM-AWS Joint Committee on Filler 
Metal was C. B. Gleason to replace D. A. 
Lawless, who resigned. (Other repre- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


sentatives on the joint committee are 
P. V. Faragher and R. B. Smith.) 
The officers elected for the ensuing 
term of two years areas follows: 
Chairman, I. V. Williams. 
Vice-Chairman, D. L. Colwell. 
Vice-Chairman, E. ©. Gleason. 
Secretary, R. B. Smith. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee B-7 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision of Tentative Specifications for: 

Aluminum and Aluminum-Alloy Sheet and 
Plate for Pressure Vessel Applications (B 
178 - 54 T), 

Aluminum and Aluminum-Alloy Sheet and 
Plate (B 209 - 54 T), 

Aluminum-Alloy Drawn Seamless Tubes (B 
210 - 54 T), 

Aluminum and Aluminum-Alloy Bars, Rods, 
and Wire (B 211 - 54 T), 

Aluminum and Aluminum-Alloy Extruded Bars, 
Rods, and Shapes (B 221 - 54 T), 

Aluminum-Alloy Drawn Seamless Tubes for 
Condensers and Heat Exchangers (B 234- 
54 T), 

Aluminum-Alloy Extruded Tubes (B 235 - 54T), 

Aluminum-Alloy Pipe (B 241 - 54 T), 

Aluminum-Alloy Die Forgings (B 247 - 54 T), 

Aluminum and Aluminum-Alloy Bars, Rods, 
and Shapes for Pressure Vessel Applications 
(B 273 - 54 T), and 

Aluminum and Aluminum-Alloy Pipe and Tube 
for Pressure Vessel Applications (B 274-54 T). 


These recommendations were ac- 
cepted by the Standards Committee on 
October 17, 1955, and the revised tenta- 
tive specifications appear in the 1955 
Book of ASTM Standards, Part 2. 
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RECOMMENDATIONS AFFECTING , q Alloy Permanent Mold Castings (B 108 - 


STANDARDS 


The committee recommends two new 
specifications for publication as tenta- 
tive, revisions in 20 tentative specifica- 
tions, revisions for immediate adoption 
in two standard specifications, the 
adoption of two tentatives as standard 
without revision, and the withdrawal of 
one standard specification. The standards 
and tentatives affected, together with 
the revisions recommended, are covered 
in detail in the Appendix to this report.! 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
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be reported at the Annual mene | The same change is recom- _ 


Subcommiltee I on Aluminum and 
Aluminum Alloy Ingots (R. A. Quadt, 
chairman) recommended withdrawal of 
Standard Specification for Aluminum 
Ingots for Remelting (B 24 - 46), which 
is not used because ingot is purchased to 
special requirements for each application; 
and revisions in the Standard Specifica- 
tion for Aluminum-Base Alloys in Ingot 
Form for Sand Castings, Die Castings, 
and Permanent Mold Castings (B 179 - 
55), as set forth in the Appendix to this 
report, to add two new alloys, to replace 
alloy ZC81A-B with ZC81A and ZC81B, 
to revise iron and magnesium limits for 
several alloys to obtain greater com- 
patibility with the chemical require- 
ments in B 26 and B 108 specifications 
for castings, and to make minor edi- 
torial changes. 

Subcommittee II on Aluminum Alloy 
Castings (D. L. Colwell, chairman) 
prepared the revisions of the Tentative 
Specification for Aluminum-Base Alloy 
Sand Castings (B 26-55 T) and Tenta- 
tive Specification for Aluminum-Base 

1 See p. 171. 

? The letter ballot vote on these recommen- 


dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 


55 T), as set forth in the Appendix to 
this report. 

Subcommittee III on Wrought Alumi-— 
num and Wrought Aluminum Alloys (P. 
V. Faragher, chairman) prepared the 
new Tentative Specification for Alumi- — 
num-Alloy Drawn Seamless Coiled Tubes 
for Special Purpose Applications, the 
new Tentative Specification for Alumi- 
num-Alloy Standard Structural Shapes, | 
Rolled or Extruded, and revisions of the — 
following 11 tentative specifications, as 
set forth in the Appendix to this report: 

Specifications B 211, B 221, B 235, 
B 236, B 241, and B 273 are revised by 
adding a new section on identification _ 


mended for Specifications B 178, B 209 
B 210, and B 274 as well as revisions in 
the chemical requirements for MG11A 
(AA3004), and in the tensile requirements 
for GM40A (AA5086) in B 178 and 
B 209, and in the dimensional tolerances 
for Schedules 5 and 10 pipe in B 274, to 
agree with current industry standards. 
The revisions in Specification B 234 
consist of adding a new section on 
identification marking, and changing the 
permissible variations in dimensions to — 
make them applicable to all alloys © 
covered by the specification. 


Subcommittee IV on Magnesium and — 


Magnesium Alloys, Cast and Wrought 
(A. A. Moore, chairman) revised Stand- 
ard Specification for Magnesium Ingot 
and Stick for Remelting (B 92-55) to 
make minor editorial changes, and © 
revised the following tentative specifica- 
tions, as set forth in the Appendix to 
this report: B 80, B 90, B 91, B 93, 
B 107, B 199, and B 217. These were | 
revised to change the chemical require- 
ments to express values of 3 per cent 
and less to the one-hundredths place and 
values greater than 3 per cent to the 
tenths place; to revise the section on 
basis of purchase; to add protective 
finishes to all except B 93; to add special 
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inspection requirements to B 80, B 91, 
and B 199; to add additional dimensional 
tolerances to B 107 and B 217; to delete 
obsolete alloys AM80A and M1B, and 
add five new alloys and the T5 temper for 
AZ91C, to B 80; and to make minor 
editorial changes. 

Subcommittee V on Testing Light 
Metals (J. C. Millson, chairman) de- 
veloped the following note on rounding 
off tension test results and recommends 
that it be added to the tables of tensile 
requirements in specifications under the 
jurisdiction of the committee: 


Note.—For purposes of determining con- 
formance with these specifications, each value 
for tensile strength and yield strength shall be 
rounded off to the nearest 100 psi, and each 
value for elongation shall be rounded off to the 
nearest 0.5 per cent, both in accordance with 
the rounding off method of the Recommended 
Practices for Designating Significant Places in 
Specified Limiting Values (ASTM Designation: 
E 29). 

The subcommittee is continuing to 
investigate statistical sampling methods 
as applied to testing for mechanical 
properties and, in cooperation with 
Committee E-11 on Quality Control of 
Materials, is attempting to establish lot 
sizes to be used in defining a statistically 
satisfactory sampling frequency and 
method for application to the tensile 
requirements in specifications under the 
jurisdiction of Committee B-7. 

Subcommittee VI on Anodic Oxidation 
of Aluminum and Magnesium Alloys 
(Fred Keller, chairman) recommends 
that the Tentative Method of Measuring 
Thickness of Anodic Coatings on Alumi- 
num by Means of the Filmeter (B 244 - 
49 T) be adopted as standard without 
revision. The task group appointed 
several years ago to develop specifica- 
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tions for anodic coatings on aluminum 
for various applications is being re- 
activated. 

Subcommittee VII on Codification of 
Light Metals and Alloys, Cast and 
Wrought (R. B. Smith, chairman) recom- 
mends that the Tentative Recom- 
mended Practice for Temper Designa- 
tion of Light Metals and Alloys, Cast 
and Wrought (B 296 — 54 T) be adopted 
as standard without revision. 

Subcommittee VIII on Atmospheric 
Exposure Tests (L. H. Adam, chairman) 
has installed test specimens of 27 alu- 
minum and 11 magnesium alloys at five 
ASTM atmospheric exposure test sites: 
on top of the Port of Authority Building, 
New York City, for industrial at- 
mospheric conditions; at State College, 
Pa., for rural; at Kure Beach, N. C., 
for Atlantic Coast marine; at Point 
Reyes, Calif., for Pacific Coast marine; 
and at Freeport, Tex., for Gulf Coast 
marine atmospheric conditions. Some of 
the specimens have been exposed for 
over four years and others for two years. 
Specimens exposed for one year have been 
examined and tested, and those exposed 
for three years are now being examined 
and tested. 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 87 members; 5444 members 
returned their ballots, of whom 5114 have 
voted affirmatively and 0 negatively. 


Respectively submitted on behalf of 
the committee, 
I. V. WILLIAMs, 
Chairman. 
R. B. Situ, 
Secretary. 


EDITORIAL NOTE 
Subsequent to the Annual Meeting, Committee B-7 presented to the Society through 


the Administrative Committee on Standards the recommendation that the proposed 


Specifications for Round Aluminum-Alloy Welded Tubes be accepted for publication 
as tentative. This recommendation was accepted by the Standards Committee on Sep- 
tember 5, 1956, and the new tentative specifications appear in the 1956 Supplement to 
Book of ASTM Standards, Part 2, bearing the designation B 313 - 56 T. 


k 4 { 
170 
Ry 
i 
1 
| 
wit 
4 
4 
‘ 
G 
} 
4 
a 
| 


APPENDIX 


PROPOSED RECOMMENDATIONS AFFECTING STANDARDS FOR LIGHT | | 
METALS AND ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- 
mendations affecting certain standards 
covering light metals and alloys referred 
to earlier in this report. The standards 
appear in their present form in the 1955 


of former alloy designations and reletter y 


ZG61B. Delete Footnote a and the table 
subsequent footnotes accordingly. 


Base Alloy Sand Castings (B80- 


Book of ASTM Standards, Part 2. $B F). 


NEW TENTATIVES 
The committee recommends that the 
following two specifications be accepted 
for publication as tentative as appended 
hereto:! 


Specification for: 

Aluminum-Alloy Drawn Seamless Coiled Tubes 
for Special Purpose Applications, and 

Aluminum-Alloy Standard Structural Shapes, 
Rolled or Extruded. 


REVISION OF TENTATIVES 


The committee recommends that the 
following tentative specifications be re- 
vised as indicated and continued as 
tentative: 


Tentative Specification for Aluminum- 
Base Alloy Sand Castings (B 26- 
55 T): 

Table I.—For alloy GS42A add a limit 
of 0.15 per cent maximum for other ele- 
ments, total. For alloy SC82A revise the 
titanium limit from “0.35” to read 
“0.25” per cent maximum. For alloy 
ZC81A revise the silicon limit from 
“0.35” to read “0.25” per cent maximum, 
and the limit for other elements, each, 
from “0.15” to read “0.10” per cent 
maximum. Correct alloy GZ61B to read 


1 These tentatives appear in the 1956 Supple- 
ment to Book of ASTM Standard, Part 2. 


Section 2.--Renumber Item (4) as (7) 


and add new Items (4), (5), and (6) as — 


Tentative Specifications for Magnesium- ‘ 


follows: 

(4) Casting drawing giving all necessary 
dimensions and showing amount of finish left ; 
for machining, 

(5) Surface treatment and finish (Section iy 
12), 

(6) Special inspection requirements (Sec- _ 
tion 13(c)). 


Section 12,—Add a new sentence to the 
present Section 12 to read: “Unless 7 
otherwise specified, the castings shall be 
chrome pickled prior to shipment. See 4 
Explanatory Note 4.” a 

New Note 4.—Add a new Explanatory — 
note reading as follows: 


Note 4.—The chrome pickle affords meas- 
urable protection against corrosion and tarnish 
during shipment and storage of the castings. 
After pickling, the castings will be grey to 
bronze or yellow in color depending on alloy and 
condition. The chrome pickle is not recommended 
for castings containing metal inserts. Such ' 
castings should be ordered shipped without 
surface treatment or protected with a slushing ad 
compound. 


Section 13.--Add a new Paragraph 
(c) as follows: . 


(c) Special inspection requirements such as 
simulated service, pressure testing, X-ray, or 
fluorescent penetrant must be stated on the 
order. Unless specific reference is made to the 
degree of discontinuity by refer O- 
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graphs for Inspection of Aluminum and Mag- 
nesium Castings (ASTM Designation E 98 - 
53 T), acceptance standards shall be as agreed 
upon by the purchaser and the manufacturer. 


Table I.—Revise as indicated in the 
accompanying Table I. Notes 1 and 2 
and Footnote a will remain unchanged. 

Table II.—Delete alloys AM80A and 
M1B and add alloys as indicated in the 
accompanying Table II. 


gravity of about 1.84. It is used in the artificially 
aged condition. It has better castability, better 
soundness, and lower strength than ZKS1A. It 
is not intended for high temperature service. 7 

Alloy ZH62A.—This alloy has a specific — 
gravity of about 1.88. It is used in the artificially 
aged condition. This alloy combines high 
strength with good ductility and has better 
castability than alloys with similar strength 
properties. 


Table III.—Delete alloys AM80A 


TABLE II.—TENSILE REQUIREMENTS. 
(Additions to Table II, B 80 - 55 T) 
Tensile Yield Strength Elongation 
Alloy Condition Strength, (0.2 per cent | in 2 in., min, 
min, psi offset) min, psi per cent 
(solution heat treated) 34 000 7 
Fl, (artificially aged only) 20 000 11 000 2 
HK31A-T6........ (solution heat treated and arti- 27 000 13 000 4 
ficially aged) i 
HWESGA-TS......... (artificially aged only) 27 000 13 000 4 
ZE41A-T5......... (artificially aged only) 28 000 16 000 4 
yk, ee (artificially aged only) 35 000 22 000 4 


TABLE III.—DATA FOR USE WITH EXTENSION-UNDER-LOAD METHOD. 
(Additions to Table III, B 80 - 55 T) 


Yield Strength, |, Unit De- 
lo Condition Typical 0.2 per *| formation, inch 
—_ or Minimum | offset) min, psi| PET inch of 
ABBIA-TS... «2.2.5 (solution heat treated) typical 11 000 0.0037 
ji J (solution heat treated and arti- | minimum 13 000 0.0040 
ficially aged) 

HZ32A-T5......... (artificially aged only) minimum 13 000 0.0040 
SBUALAKTS......0605- (artificially aged only) minimum 16 000 0.0045 
py ee (artificially aged only) minimum 22 000 0.0054 


Explanatory Note 1.—Delete alloys 
AM80A and M1B and add the following: 


Alloy AZ81A.—This alloy has a specific 
gravity of about 1.80. It is used primarily in the 
solution heat treated condition. This alloy will 
produce castings having maximum soundness 
with moderate mechanical properties. 

Alloy HK31A.—This alloy has a specific 
gravity of about 1.79. It is used in the solution 
heat treated and aged condition. It is recom- 
mended for elevated temperature use up to 600 F. 

Alloy HZ32A.—This alloy has a specific 
gravity of about 1.83. It is used in the artificially 
aged condition. It is recommended for elevated 
temperature use up to 600 F. 

Alloy ZE41A.—This alloy has a specific 


and M1B and add alloys as indicated in S- 
the accompanying Table III. 

Table IV.—Delete alloys AM80A and — 
M1B. Values for Table IV on the new | 
alloys have been requested from the 
American Foundrymen’s Society but are 
not available at this time. . 


Tentative Specifications for Magnesium- 
Base Alloy Sheet (B 90 - 55 T): 


Section 2.—Renumber Item (5) as (6) | 
and add a new Item (5) as follows: 
“(5) Surface treatment (Section 13).” 
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TABLE IV.—CHEMICAL REQUIREMENTS. 
(Revision of Table I, B 90 - 55 T) 

Te]. 

Alloy Magnesium, | Aluminum, | 22 Zine, 63 3 
per cent per cent es per cent a < 
£°| 88/32 | 22 
remainder | 2.5 to 3.5|0.20] 0.6 tol 0.30 


Section 13.—Add the following new 
paragraph: “Unless otherwise specified 
the sheet shall be oiled, chrome pickled, 
or given an acetic nitrate pickle and 
oiled, as elected by the purchaser, prior 
to shipment. See Explanatory Note 3.” 

Explanatory Note 3—Add a new Ex- 
planatory Note as follows: 


Nore 3.—Either the chrome pickle or the oil 
finish affords a measurable protection against 
tarnish and corrosion during shipment and 
storage of the sheet. The oil finish is frequently 
preferred by purchasers intending to perform 
forming or drawing operations on the sheet. 


Table I.—Delete Footnote a renum- 
bering 6 as a and revise as indicated in 
the accompanying Table IV. 


Tentative Specifications for Magnesium- 
Base Alloy Forgings (B 91 — 55 T): 


Section 2.—Change Item (4) to (7) 
and add the following: 


(4) Drawing showing dimensions of all die 
_ forgings and for all hand forgings not simple 
discs, rounds, squares, or rectangles. The 
- amount of stock left for machine finish should 
indicated, 

(5) Surface treatment (Section 11), 

(6) Special inspection requirements (Sec- 

tion 12(c)). 


Section 9.—Revise to read as follows: 


9. One tension test specimen shall be taken 
to represent each 1000 lb or fraction thereof of 
each part number in the shipment or inspection 
lot. 


"Section 11.—Add a new paragraph 
reading: “‘Unless otherwise specified, the 


forgings shall be chrome pickled prior to 
shipment. See Explanatory Note 4.” 

Section 12,—Add a new Paragraph (c) 
to read as follows: 


(c) Special inspection requirements such as 
inspection by ultrasonic reflection or by 
fluorescent penetrant, must be shown on the 
order. Acceptance standards for special in- 
spection requirements shall be as agreed upon 
by purchaser and manufacturer. 


Explanatory Note 1.—Delete the last 
sentence. 


TABLE V.—CHEMICAL REQUIREMENTS 
(Revision of Table I, B 91 - 55 T) 


Nickel, | Sili ee 

per cent|per cent} max, 

per eent 
TA54A....| 0.30 max |0.01 | 0.30 | 0.30 
AZ31B....| 0.6 to 1.4 |0.005]| 0.30 | 0.30 
AZ61A....| 0.40 to 1.5 | 0.005! 0.30 | 0.30 
AZS80A....| 0.20 to 0.8 | 0.005} 0.30 | 0.30 
ZK60A....| 4.8 to 6.2] ... | ... | 0.30 


New Explanatory Note—Add a new 
Explanatory Note 4 as follows: 


Note 4.—The chrome pickle treatment in- 
creases the resistance to surface tarnish and 
corrosion during shipment and storage. After 
treatment, the forgings will be dull bronze to 
bright yellow in color. The color varies with 
alloy and condition. 


Table I.—Delete Footnote a, changing 
the present } to a and revise values for 
zinc, silicon, nickel and other impurities 
as indicated in the accompanying Table 
V, leaving other columns unchanged. 
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Table II.—Delete properties and foot- 
note reference c on ZK60A-TS hand 
forgings and change footnote 6 to apply 
to all alloys in Table II. Revise footnote 
b to read as follows: ‘“‘Applicable only to 
die forgings not more than 3 in. in thick- 
ness. The tensile requirements for hand 
forgings will be lower and as agreed upon 
by the purchaser and manufacturer.” 

Table IIIT.—Delete the properties and 
all reference to ZK60A hand forgings. 


Tentative Specifications for Magnesium- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Perma- 
nent Moid Castings (B 93 - 55 T): 


Section 2.—Revise to read as follows: 


2. Orders for ingot under these specifica- 
tions shall include the following information: 
(1) Quantity in pounds, 
(2) Alloy (Section 3), 
(3) Form, magnesium ingot is normally 
furnished in the following commercial forms 
unless otherwise specified in the contract: 


_Approximate Approximate 
Form Size and Shape, in. eight, lb. 


Ingot (3 notches).. 4 by 444 by 28... 20.0 


Table I.—Change the manganese 
content of M1B alloy to read: “1.3” 
instead of 1.30.” Add a zero as a second 
digit to the right of the decimal point on 
the silicon contents of all the alloys in 
the table with the exception of AM100B. 

Add a zero as a second digit to the 
right of the decimal point, on the value 
of “Other Impurities” for all of the 
alloys listed in Table I. Change the zinc 
range on AZ91A, AZ91B, and AZ91C 
from “0.5 to 0.9” to ‘0.45 to 0.9 per 
cent.” 

Delete footnote a, and renumber foot- 
note 6 as a. 


Tentative Specifications for Magnesium 
Alloy Bars, Rods, and Shapes (B 107 - 
55 T): 


Section 2.—Renumber Item (5) as_ heading. 
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(7), delete Item (4), and add Items (4), 7 
(5), and (6) as follows: 


(4) Diameter (for rods), depth and width 
(for square cornered bars), distance across 
flats (for sharp cornered hexagonal or octag- 
onal bars). Round cornered bars and shapes 
other than bar or rod require a drawing. © 
(Section 12), 

(5) Length (Section 12), 

(6) Surface treatment (Section 13). 


Section 12.—Delete Paragraph (d) 
and add the following: 


(d) Variations in length shall not exceed the 
amount permitted by Table VII. 

(e) Roughness of surface shall be not greater 
than permitted by Table VIII. 


(f) Deviation from specified radius shall not 
to more than 90 deg of any arc. 
(2) Flat Surfaces.—Allowable deviation 


exceed that permitted by Table IX. = 
(g) Curved surfaces, flat surfaces, and square- 
ness of cut ends shall conform to the following: 

(1) Curved Surfaces—Allowable deviation 
from specified contour, 0.005 in. per in. of ae 
chord length, 0.005 in. min; not applicable iy 

from flat, 0.004 in. per in. of width, 0.004 e Ba it 
min. Not applicable to surfaces of walls 0.250 ee 
in. or less in thickness which completely en- A 
close a void. 
(3) Cut Ends.—Allowable deviation from 
square: 1 deg. 


Section 13.—Add a new paragraph as 
follows: 


Unless otherwise specified, the extruded rod, 
bar, or shapes shall be oiled or chrome pickled, as 
elected by the purchaser, prior to shipment. 


New Explanatory Note—Add a new 
Explanatory Note 3 to read as follows: 


Note 3.—Either the chrome pickle or the oil 
finish affords a measurable protection against 
tarnish and corrosion during shipment and 
storage of magnesium extrusions. 


Table I.—Revise columns referring to 
zinc, silicon, calcium and other im- 
purities as indicated in the following 
Table VI leaving notes and other 
columns unchanged. 

Table IIIT.—Delete “of Alloys AZ31B, 
AZ61A, AZ80A, and Mi1A” from 
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TABLE VI.—CHEMICAL 
REQUIREMENTS. 


(Revi ision of Table I, B 107 - 55 T) 


TABLE IX.—CORNER AND FILLET 
RADII. . 


(New Table IX, B 107 - 55 T) 


| Oth 
Zi Silicon, Calci- Impuri- 

Alloy ane, max, | ties, 
per cent per cent max, max, 

per cent per cent 

AZ31B....| 0.6 to1.4 | 0.30 Ltt 0.30 
AZ61A....| 0.40 to 1.5 | 0.30 ae 0.30 
AZ80A ....| 0.20 to 0.8 | 0.30 ar 0.30 
0.30 | 0.30 | 0.30 
ZK60A 4.8 to6.2 0.30 


New Tables——Add new Tables VII, 
VIiI and IX as shown, renumbering 
present Tables VII and VIII as Tables 
X, and XI. 


TABLE VII.—LENGTH TOLERANCES. 
(New Table VII, B 107 — 55 T) 


Circumscribing Circle Allowable Deviation from Spec- 
Diameter (Shapes); ified Length, in, for Specified 
Specified Diameter Length Given in Feet 

(Rod); Specified 
Width or Depth, 


12 Over | Over 


Whichever Greater Over 
and 12 to | 30to 
(Bar), in. under | 30, incl| 50, incl} *° 
Under 3.000....... +1 


3.000 to 7.999..... +%{6 +1 
8.000 and over..... +4 |+% |+% | +1 


TABLE VIII.—SURFACE ROUGHNESS. 
(New Table VIII, B 107 - 55 T) 


Specified Section Thickness, in. ee ene, 
0.002 
0.0025 
0.003 


* Defects include die lines and handling 
marks. 


Tentative Specification for Aluminum- 
Base Alloy Permanent Mold Castings 
(B 108-55 T): 


Table I.—For alloy GS42A add a 
limit of 0.15 per cent max for other 
elements, total. For alloy GZ42A add a 
limit of 0.15 per cent max for other ele- 
ments, total. For alloy ZC81B revise the 
silicon limit from “0.35” to read “0.25” 
per cent max, and the limit for other 


Allowable Deviation 
from Specified 
Radius, in. 


Specified Radius, in. 


Sharp corners............... 
0.188 and over..............| 210 per cent 


elements, each, from “0.15” to read 
“0.10” per cent max. Add alloy SC103A 
with the following chemical require- 
ments: 


Aluminum, per cent.......... remainder 
Copper, per cent............. 2.0 to 4.0 
Silicon, per cent............. 8.5 to 10.5 
Manganese, per cent......... 0.50 
Magnesium, per cent......... 0.50 to 1.5 
Titanium, per cent........... 0.25 
Nickel, per cent............. 0.50 
Other elements, total, per 

0.50 


Delete Footnote a and the table of 
former alloy designations and reletter 
subsequent footnotes accordingly. 

Table II.—Add alloy SC103A with the 
following tensile requirements: 


Condition. . T5 (aged) 
Tensile Strength, min, psi. 31 000° 
Elongation in 2 in., min, per 


Table IV.—Add alloy SC103A with the 
following properties and characteristics: 


Approximate Melting Range, 
Foundry Characteristics 
Resistance to Hot Cracking. 1 
Pressures Tightness........ 2 
Solidification 
Normally Heat Treated... . aged only 
Other Characteristics 
Resistance to Corrosion... . 
Electroplating. . 
Anodizing (Appearance). . 
Chemical Oxide Coating 
(Protection). . 
Strength at Elev ated Tem- 
Suitability for Welding. .... 2 
Suitable for Brazing. ...... N 
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Tentative Specifications for Aluminum- 
Alloy Sheet and Plate for Pressure 
Vessel Applications (B 178 —- 55 T): 
Table I.—For alloy MG11A, revise 

the figures under the column headed 

“Copper, per cent” from “0.20” to read 

“0.25”; and revise the figures under the 

column headed “Zinc, per cent” from 

“0.10” to read “0.25.” 

Table II.—Revise values for alloy 

GM40A for -O, -H32, -H34. -H36, and 

-H112 tempers as shown in the accom- 


TABLE X.—TENSILE REQUIREMENTS. 
(Revisions in Table II, B 178 — 55 T) 


obliteration during normal handling and shall be 
removable by normal cleaning methods; how- 
ever, ghost images of the characters may remain. 
On flat sheet and plate, markings shall appear 
at each end. Coils shall be marked near the 
outside end. 
(b) The foregoing requirements are minimum; 

marking systems which involve added informa- ; 
tion, larger characters, and greater frequencies — 


Tentative Specifications for Magnesium- 
Base Alloy Permanent Mold Castings 
(B 199-55 T): 


are acceptable under this specification. 


: Tensile Yield Elongation in 
Temper Thickness, in. Strength, Strength, 2 in., min, 
min, psi min, psi per cent 

35 000 14 000 15 
35 000 14 000 18 
35 000 14 000 14 
40 000 28 000 6 
ee Xk 40 000 28 000 12 
44 000 34 000 6 
44 000 34 000 10 
H36 47 000 38 000 4 
47 000 38 000 6 
36 000 18 000 8 
H112 35 000 16 000 10 
35 000 14 000 14 
34 000 14 000 14 


panying Table X, retaining present Foot- 
note 6 referenced after the tensile strength 
values for the “O”’ temper. 

New Section.—Add a new Section 15 
titled “Marking for Identification” and 
renumber the succeeding sections. The 
new Section 15 shall read: 

15. (a) When identification marking is 
specified on the purchase order, all sheet and 
plate shall be marked with the manufacturer’s 
name or trade mark and the applicable alloy and 
temper designations, the latter to be in accordance 
with the ASTM codification systems (B 275 and 
B 296) or the commercial systems. Identification 
characters shall have a minimum height of } in. 
The marking material shall be such as to resist 


Section 2.—Renumber Item (4) as (7) 
and add the following: 


(4) Casting drawing giving all necessary 
dimensions and showing amount of finish left | 
for machining. 

(5) Surface treatment (Section 12). 

(6) Special inspection requirements (Sec- 
tion 13(c)). 


Section 12.—Revise to read as follows: 


12.—The castings shall be of uniform quality 
and condition, free of cracks or other injurious 
defects, and shall be well cleaned before inspec- 
tion 

Unless otherwise specified, the castings shall — 
be chrome pickled prior to — See 
Explanatory Note 4. ’ 
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Section 13——Add a new Paragraph 
(c) as follows: 


(c) Special inspection requirements such as 
pressure testing, X-ray, fluorescent penetrant, 
etc., must be stated on the order. Acceptance 
standards under special inspection requirements 
shall be as agreed upon by the purchaser and 
the manufacturer. 


Explanatory Note.—Add a new Note 4 
as follows: 


Note 4.—The chrome pickle affords meas- 
urable protection against corrosion and tarnish 


Table II.—Delete Footnote a and 
renumber Footnote 8 as a. 


Tentative Specifications for Aluminum- 
Alloy Sheet and Plate (B 209 — 55 T): 


Table I.—For alloy MG11A, revise the 
figures under the column headed ‘“Cop- 
per, Per Cent” from “0.20” to read 
“0.25;” and revise the figures under the 
column headed “Zinc, Per Cent” from 
“0.10” to read “0.25.” 

Table II.—Revise values for Alloy 


TABLE XI.—TENSILE REQUIREMENTS. 


(Revisions in Table II, B 209 - 55 T) 


Tensile Yield Elongation in 
Temper Thickness, in. Strength, Strength, 2 in., min, 
min, psi min, psi per cent 
0.020 to 35 000 14 000 
0.051 to 35 000 14 000 18 
0.250 to 2.000............... 35 000 14 000 14 
0.020 to 0.050............... 40 000 28 000 6 
H32....... 40 000 28 000 8 
: \| 0.250 to 2.000............... 40 000 28 000 12 
0.020 to 0.050............... 44 000 34 000 5 
0.051 to 0.249............... 44 000 34 000 6 
0.250 to 1.000............... 44 000 34 000 10 
H36 0.020 to 0.050............... 47000 | 38 000 4 
0.051 to 0.162............... 47 000 | 38 000 6 
0.250 to 0.500............... 36000 | 18000 | 8 
H112 | 0.501 to 1.000............... 35 000 16 000 10 
1.001 to 2.000................ 35000 | 14 000 14 
2.001 to 3.000............... 34000 | 14 000 14 


during shipment and storage of the castings. 
After pickling, the castings will be grey to bronze 
or yellow in color depending on alloy and con- 
dition. The chrome pickle is not recommended 
for castings containing laminated inserts. Such 
castings should be ordered shipped without 
surface treatment or protected with a slushing 
compound. 


Table I.—-Delete Footnote a, renum- 
bering 6 as a and revise columns relating 
to zinc, silicon and other impurities as 
follows: 


Other 
Silicon, Impurities, 
Zinc, max, max, 
Alloy* per cent percent percent 
AMIO00A .... 


GM40A for -O, -H32, -H34, -H36, and 
-H112 tempers as shown in the accom- 
panying Table XI. 

New Section.—Add a new Section 15 
titled “Marking for Identification” to 
read as follows, renumbering subsequent 
sections accordingly: 


15. (a) When identification marking is 
specified on the purchase order, all sheet and 
plate shall be marked with the manufacturer’s 
name or trade mark and the applicable alloy 
and temper designations, the latter to be in ac- 
cordance with the ASTM codification systems 
(ASTM Designations: B 275 and B 296) or the 
commercial systems. Identification characters 
shall have a mini 
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ing material shall be such as to resist obliteration 
during normal handling and shall be removable 
by normal cleaning methods; however, ghost 
images of the characters may remain. On flat 
sheet and plate, markings shall appear at each 
end. Coils shall be marked near the outside end. 

(b) The foregoing requirements are minimum; 
marking systems which involve added informa- 
tion, larger characters and greater frequencies 
are acceptable under these specifications. 


Tentative Specifications for Aluminum- 
Alloy Drawn Seamless Tubes (B 210 -— 


Table I.—For alloy MG11A, revise the 
figures under the column headed ‘‘Cop- 
per, Per Cent” from ‘0.20” to read 
“0.25;” and revise the figures under the 
column headed “Zinc, Per Cent” from 
“0.10” to read “0.25.” 

New Section.—Add a new Section 14 
titled “Marking for Identification” to 
read as follows, renumbering all subse- 
quent sections accordingly: 


14. (a) When identification marking is 
specified on the purchase order, all tubes in 
straightened lengths 3 in. in diameter or across 
flats and larger shall be marked with the manu- 
facturer’s name or trade mark and the applicable 
alloy and temper designations, the latter to be 
in accordance with the ASTM codification 
systems (ASTM Designations: B 275 and B 296) 
or the commercial systems. The identification 
characters shall have a minimum height of } in. 
The marking material shall be such as to resist 
obliteration during normal handling and shall 
be removable by normal cleaning methods; how- 
ever, ghost images of the characters may remain. 
Markings shall appear at each end of each piece. 
Straightened material smaller than 3 in. diam- 
eter or across flats and all material supplied in 
coils shall be either tagged (in bundles if desired) 
or marked as individual pieces with the above 
information. 

(b) The foregoing requirements are minimum; 
marking systems which involve added informa- 
tion, larger characters, and greater frequencies 
are acceptable under these specifications. 


Tentative Specifications for Aluminum- 
Alloy Bars, Rods and Wire (B 211 - 
55 T): 


New Section.—Add a new Section 14 
titled “Marking for Identification” to 


read as follows, renumbering all subse- 
quent sections accordingly: 


14. (a) When identification marking is 
specified on tue purchase order, all bars, rods 
(shapes) and wire in straightened lengths 3 in. 
in diameter or across flats and larger shall be 
marked with the manufacturer’s name or trade 
mark and the applicable alloy and temper 
designations, the latter to be in accordance with 
the ASTM codification systems (ASTM Desig- 
nations: B 275 and B 296) or the commercial 
systems. The identification characters shall have 
a minimum height of } in. The marking material 
shall be such as to resist obliteration during 
normal handling and shall be removable by 
normal cleaning methods; however, ghost images 
of the characters may remain. Markings shall 
appear at each end of each piece. Straightened 
material smaller than ? in. diameter or across 
flats and all material supplied in coils shall be 
either tagged (in bundles, if desired) or marked 
as individual pieces with the above information. 

(b) The foregoing requirements are mini- 
mum; marking systems which involve added 
information, larger characters, and greater 
frequencies are acceptable under these specifica- 
tions. 


Tentative Specifications for Magnesium- 
Base Alloy Extruded Tubes (B 217 - 
55 T): 


Section 2,—Change to read as follows: 


(1) Quantity in pieces, pounds or length, 

(2) Alloy (Section 4, Table I), 

(3) Condition (Section 7, Table II), 

(4) Outside diameter or inside diameter and 
wall thickness, 

(5) Length per piece. (Table VIII), i 

(6) Surface treatment (Section 13), and — 

(7) Place of inspection (Section 14 (a)). 


Section 12.—Delete Paragraph (6) 
and add the following: 


(6) Straightness shall conform to the re- 
quirements of Table VII and Table XI. 
(c) Variations in length shall not exceed 

the amount permitted by Table VIII. 
(d) Roughness of surface shall be not 
greater than permitted by Table IX. 


(e) Deviation from specified radius shall 7 


not exceed that permitted by Table X. 
(f) Angles, curved surfaces, flat surfaces, — 
and squareness of cut ends shall conform to 
the following: 
(1) Angles.—Allowable deviation from speci- 
fied angle, + 2 deg. 
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Alloy | Zinc, percent | 

28 

AZ31B ....|0.20 0.6 to 1.4 (0.30... |0.30 
AZG61A ....\0.15 0.40 to 1.5 |0.30 0.30 
MI1A...... 1.2 | 0.30 0.30! 0.30 
ZK60A. to6.2 


(2) Curved Surfaces.—Allowable deviation 
from specified contour, 0.005 in. per in. of chord 
length, 0.005 in., min; not applicable to more 
than 90 deg or any arc. 

(3) Flat Surfaces.—Allowable deviation from 
flat, 0.004 in. per in. of width, 0.004 in., min. 
Not applicable to surfaces of walls 0.250 in. or 
less in thickness which completely enclose a void. 

(4) Cut Ends.—Allowable deviation from 
square, 1 deg. 


Section 13.—Add a new paragraph to 
read as follows: 


Unless otherwise specified, the extruded 
tubing shall be oiled or chrome pickled, as 
elected by the purchaser, prior to shipment. See 
Explanatory Note 2. 


TABLE XII.—CHEMICAL 
REQUIREMENTS. 


(Revision of Table I, B 217-55 T) | 


TABLE XIII.—STRAIGHTNESS. 
(New Table VII, B 217 - 55 T) 


Allowable Deviation from 
Specified Outside Straight, in.* 


Diameter; Width or 


Depth (Which 
“Greater), in. > In Total Length 
Length of Piece 
0.500 to 5.999..... | 0.010 | 0.010 X length 
(ft) 
6.000 and over..... | 0.020 X length 
ft) 


*For all sizes of other than round tube, 
tolerance is applicable when weight of tube on 
flat surface minimizes deviation. 


Explanatory Notes.—Change “Note” in 
heading to “Notes” and change ‘‘Note” 
to “Note 1.” Add a Note 2 as follows: 


Note 2.—Either the chrome pickle or the 
oil finish affords a measurable protection against 
tarnish and corrosion during shipment and 
_ storage of magnesium tubing. 
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Table I.—Revise the columns indi- 
cated in the accompanying Table XII, 
leaving other columns and note un- 
changed. 


New Tables VII, VIII, IX, X, and 
XI.—Add the accompanying Tables 
XIII, XIV, XV, XVI and XVII of 
tolerances on length, twist, straightness, 
surface roughness, and corner radii, and 
renumber the present Table VII as Table 


TABLE XIV.—LENGTH. 
(New Table VIII, B217-55T) — 


Allowable Deviation from 
Specified Length, in., for 


Specified Outside Specified Length, Given in Feet 


Diameter, Width or 
Depth (Whichever 


Greater), in. 12 | Over | Over Sie 
and | 12to | 30to 
under | | 30, incl | 50, incl) 

Under 0.500....... |. 
0.500 to 1.249..... 4 +34 +1 
1.250 to 2.999..... +1 | +1 
3.000 to 7.999..... tHe +1 
8.000 and over..... +4 | +1 


TABLE XV.—SURFACE ROUGHNESS. 
(New Table IX, B 217 - 55 T) 


Allowable Depth of 


Specified Section Thickness, in. | Defect®, max, in 


0.0015 
0.002 
0.0025 
0.003 
0.501 and over.............. 0.008 


* Defects include die lines and handling 
marks. 


Tentative Specifications for Aluminum- 
Alloy Extruded Bars, Rods, and Shapes 
(B 221-55 T): 


New Section—Add new Section 14 
titled ‘‘Marking for Identification” to 
read as follows, renumbering all subse- 
quent sections accordingly: 


14. (a) When identification marking is 
specified on the purchase order, all bars, rods, 
and shapes 3 in. in diameter or across flats and 
larger shall be marked with the manufacturer’s 
name or trade mark and the applicable alloy and 
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temper designations, the latter to be in ac- 
cordance with the ASTM codification systems 
(ASTM Designations: B 275 and B 296) or the 
commercial systems. Identification characters 
shall have a minimum height of $ in. The mark- 
ing material shall be such as to resist obliteration 
during normal handling and shall be removable 
by normal cleaning methods; however, ghost 
images of the characters may remain. Markings 
shall appear at each end of each piece. Material 
smaller than 3-in. diameter or across flats shall 
be either tagged (in bundles, if desired) or 
marked as individual pieces with the above in- 
formation. 

(b) The foregoing requirements are minimum; 
marking systems which involve added informa- 
tion, larger characters, and greater frequencies 
are acceptable under these specifications. 


TABLE XVI.—CORNER RADII. 
(New Table, X, B 217 - 55 T) 


Allowable Deviation 


Specified Radius, in. from Specified 


Radius, in. 
Sharp corners................ | +64 
| +4 
0.188 and over..............| +10 per cent 


Section 15.—Revise to read as follows: 


15. (a) Diameter—The outside diameter of 
the tubes shall not vary from that specified by 
more than the amounts as measured by “go’ 
and “no-go” ring gages prescribed in Table IIT. 

(b) Wall Thickness.—No tube at its thinnest 
point shall be less than the thickness specified. 
The mean wall thickness and the wall thickness 
at any point shall not exceed that specified by 
more than the amount prescribed in Table IV. 

(c) Length—The length shall be not less than 
that specified, when measured at a temperature 


of 20 C (68 F), but may be more than that speci- _ 


fied by the amount prescribed in Table V. 

(d) Straightness.—The tubes shall not vary 
from straight by more than the amounts pre- 
scribed in Table VI. 

New Section——Add a new Section 17 


titled ‘Marking for Identification,” re- 


TABLE XVIII.—PERMISSIBLE VARIA- 
TIONS IN DIAMETER. 


(Revision of Table II], B 234 — 55 T) 
Permissible Vari- 
ation in Diameter 
plus or minus, in. 


Specified Diameter, in. 


TABLE XVII.—TWIST. 0.500 and under............ | 0.003 
0.501 and 1.000 incl.. aed 0.004 
(New Table XI, B 217 ~ 55 T) 1.001 to 2.000 incl.......... | 0.005 
Allowable Deviation 
Specified Width or from Straight, deg. 
Depth TABLE XIX.—PERMISSIBLE VARIA- 
reater), in, {In Each) Tp Total Length TIONS IN WALL THICKNESS. 
Length eae (Revision of Table IV, B 234 - 55 T) 
Under 1.500...... 1 Length (ft) X 1 Permissible | Permissible 
1.500 to 2.999... | Length (ft) X ¥, ecified Wall Wall | Wall” Thickness 
not over 5 Thickness,? in. Thickness, at any Point, 
3.000 and over....| 4 | Length (ft) X \%, plus only, in. | plus only, in. 
not over 3 
0.004 0.006 
Tentative Specifications for Aluminum- 0.058............ 0.007 0.010 
Alloy Drawn Seamless Tubes for Con- ews 
densers and Heat Exchangers (B 234- 0.933... ........| 0.010 0.015 
55 T): RES 0.011 0.017 
Section 5 (a).—Revise the first sentence 0.120............ 0.014 0.022 
to read as follows: 0.017 0.026 
Samples for chemical analysis of type M1A, 0.154............ 0.018 0.028 
GS11A, and GS11C shall be taken in accordance 9-179............ 0.021 0.032 
with the Method of Sampling Wrought Non- 9-200............ 0.024 0.036 


Ferrous Metals and Alloys for Determination of 
Chemical Composition (ASTM Designation: 
E 55), except that the weight of the prepared 
sample may be a minimum of 75 g. 


* If specified wall thickness is not shown, the 


tolerance for the next thicker wall shall be used. 
>’ Mean wall thickness is the average of two 
measurements taken opposite each other. 
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numbering all subsequent sections ac- 
cordingly: 


17. (a) When identification marking is 
specified on the purchase order, all tubes j in. 
in diameter and larger shall be marked with the 
manufacturer’s name or trade mark and the 
applicable alloy and temper designations, the 
latter to be in accordance with the ASTM 
codification systems (ASTM Designations: B 275 
and B 296) or the commercial systems. The 
identification characters shall have a minimum 
height of 4 in. The marking material shall be 
such as to resist obliteration during normal 
handling and shall be removable by normal 
cleaning methods; however, ghost images of the 
characters may remain. Markings shall appear 
at each end of each piece. Material smaller than 
3-in. diameter shall be either tagged (in bundles, 
if desired) or marked as individual pieces with 
the above information. 

(b) The foregoing requirements are minimum; 
marking systems which involve added informa- 
tion, larger characters, and greater frequencies 
are acceptable under these specifications. 


Tables III, IV, and V.—Revise 
to read as shown in the accompanying 
Tables XVIII, XIX, and XX. 

New Table-——Add a new Table VI to 
read as shown in the accompanying 
Table XXI. 


TABLE XX.—PERMISSIBLE VARIATIONS 
IN LENGTH. 


(Revision of Table V, B 234 — 55 T) 


Permissible Vari- 
ation in Length, 


Specified Length, ft 
plus only, in. 


Over 16 to 30, incl........... 4 
Over 30 to 50, incl........... 3 


TABLE XXI.—PERMISSIBLE VARIA- 
TIONS FROM STRAIGHT. 


(New Table VI, B 234 — 55 T) 


Jariation in 
‘Specified Diameter, | Each Foot | Variation in Total 
™ of Length, | Length of Piece, in. 

in. 


Permissible 


0.010 X length 
(ft) 


Tentative Specifications for Aluminum- 


Alloy Extruded Tubes (B 235 —- 55 T): 


New Section.—Add a new Section 14 
titled “Marking for Identification” to 
read as follows, renumbering all subse- 
quent sections accordingly: 


14. (a) When identification marking is 
specified on the purchase order, all tubes shall 
be marked with the manufacturer’s name or 
trade mark and the applicable alloy and temper 
designations, the latter to be in accordance with 
the ASTM codification systems (ASTM Designa- 
tion B 275 and B 296) or the commercial systems. 
The identification characters shall have a 
minimum height of § in. The marking material 
shall be such as to resist obliteration during 
normal handling and shall be removable by 
normal cleaning methods; however, ghost images 
of the characters may remain. Markings shall 
appear at each end of each piece. 


(b) The foregoing requirements are minimum; 
marking systems which involve added informa- 
tion, larger characters, and greater frequencies 
are acceptable under these specifications. 


Tentative Specifications for Aluminum 
Bars for Electrical Purposes (Bus Bar) 
(B 236-55 T): 


New Section.—Add a new Section 17 
titled “Marking for Identification” to 
read as follows, renumbering all subse- 
quent sections accordingly: 


17. (a2) When identification marking is speci- 
fied on the purchase order, all bars shall be 
marked with the manufacturer’s name or trade 
mark and the applicable alloy and temper 
designations, the latter to be in accordance with 
the ASTM codification systems (ASTM Desig- 
nations: B 275 and B 296) or the commercial 
systems. Identification characters shall have a 
minimum height of } in. The marking material 
shall be such as to resist obliteration during 
normal handling and shall be removable by 
normal cleaning methods; however, ghost 
images of the characters may remain. Markings 
shall appear at each end of each piece. 

(b) The foregoing requirements are minimum; 
marking systems which involve added informa- 
tion, larger characters, and greater frequencies 
are acceptable under these specifications. 
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Tentative Specifications for Aluminum- 

Alloy Pipe (B 241 - 55 T): 

New Section.—Add a new Section 14 
titled “Marking for Identification” to 
read as follows, renumbering all subse- 
quent sections accordingly: 

14. (a) When identification marking is 
specified on the purchase order, all pipe shall be 
marked with the manufacturer’s name or trade 
mark and the applicable alloy and temper 
designations, the latter to be in accordance with 
the ASTM codification systems (ASTM Desig- 
nations: B 275 and B 296) or the commercial 
systems. The identification characters shall have 
a minimum height of } in. The marking material 
shall be such as to resist obliteration during 
normal handling and shall be removable by 
normal cleaning methods; however, ghost images 
of the characters may remain. Markings shall 
appear at each end of each piece. 

(b) The foregoing requirements are minimum; 
marking systems which involve added informa- 
tion, larger characters, and greater frequencies 
are acceptable under these specifications. 


Tentative Specifications for Aluminum 
Alloy Bars, Rods, and Shapes for 
Pressure Vessel Application (B 273 - 
55 T): 

New Section.-Add a new Section 14 
titled “Marking for Identification” to 
read as follows, renumbering all subse- 
quent sections accordingly: 

14. (a2) When identification marking is speci- 
fied on the purchase order, all bars, rods, and 
shapes ? in. in diameter or across flats and 
larger shall be marked with the manufacturer’s 
name or trade mark and the applicable alloy 
and temper designations, the latter to be in 
accordance with the ASTM codification systems 
(ASTM Designations: B 275 and B 296) or the 
commercial systems. Identification characters 
shall have a minimum height of } in. The mark- 
ing material shall be such as to resist oblitera- 
tion during normal handling and shall be re- 
movable by normal cleaning methods; however, 
ghost images of the characters may remain. 
Markings shall appear at each end of each piece. 
Material smaller than 3-in. diameter or across 
flats shall be either tagged (in bundles, if de 
sired) or marked as individual pieces with the 
above information. 

(b) The foregoing requirements are mini- 
mum; marking systems which involve added 
information, larger characters, and greater fre- 


quencies are acceptable under these specifica- — 


tions. 


Tentative Specifications for Aluminum- 
Alloy Pipe and Tube for Pressure Ves- 
sel Applications (B 274 - 55 T): 


Table I.—For alloy MG11A revise the 
figures under the column headed “Zinc, 
per cent” from “0.10” to read “0.25;” 
and under the column headed “Copper, 
per cent” from “0.20” to read “0.25.” 


Section 13.—Revise Paragraph (5) to 


read: 


5S and 10S the wall thickness at any point shall 
be not more than 12.5 per cent under the 
nominal thickness shown in Table III. For 
schedules 5S and 10S the wall thickness at any 
point shall not exceed nor be less than 123 per- 


cent of the nominal wall thickness as given in — 


Table IIT. 


Revise Paragraph (c) to read: 


(c) Weight.—-For schedules other than 5S and © 


10S the weight of the pipe shall not exceed the 
theoretical weight given in Table III by more 
than 8 per cent. For schedules 5S and 10S a 
weight tolerance does not apply, and the weight 
will vary in accordance with the wall thickness as 
prescribed in Paragraph (6). 


titled “Marking for Identification” to 


New Section.—Add a new Section 16 , 
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(b) Wali Thickness.—For schedules other than | 


read as follows, renumbering all subse- 
quent sections accordingly: _ 


16. (a) When identification marking is 
specified on the purchase order, all tubes and 
pipes shall be marked with the manufacturer’s 
name or trade mark and the applicable alloy 
and temper designations, the latter to be in 
accordance with the ASTM codification systems 
(ASTM Designations: B 275 and B 296) or the 
commercial systems. The identification char- 
acters shall have a minimum height of } in. 
The marking material shall be such as to resist 
obliteration during normal handling and shall be 
removable by normal cleaning methods; how- 
ever, ghost images of the characters may remain. 


Markings shall appear at each end of each piece. — 
(b) The foregoing requirements are minimum; 
marking systems which involve added informa- — 
tion, larger characters, and greater frequencies q 
are acceptable under these specifications. : 
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ADOPTION OF TENTATIVES AS STANDARD 
WitHout REVISION 


The committee recommends that the 
following two tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Method of: 

Measuring Thickness of Anodic Coatings on 
Aluminum by Means of the 
(B 244-49 T). 

Tentative Recommended Practice for: 


Temper Designation of Light Metals and 
_ Alloys, Cast and Wrought (B 296 - 54 T). 


TABLE XXII.—CHEMICAL 
REQUIREMENTS. 
(Revision of Table I, B 179 — 55) 


ZC81A ZC8iB 
Aluminum, per 
remainder remainder 
Copper, per cent...| 0.40 to 1.0 | 0.40 to 1.0 
Iron, per cent..... 0.8 
Silicon, per cent... 0.25 0.25 
Manganese, per 
0.6 0.6 
Magnesium, per 
Zinc, per cent..... 7.0 to 8.0 |7.0 to 8.0 
Chromium, per 
Titanium, per 
0.25 0.25 
Nickel, per cent... 0.15 0.15 
Other elements: 
Each, per cent. . 0.10 0.10 
Total, per cent. . 0.25 0.25 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends that the 
following two standard specifications be 
revised for immediate adoption as indi- 
cated below, and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that the revisions may be referred to 
letter ballot of the Society: 


Standard Specifications for Magnesium 
Ingot and Stick for Remelting 
(B 92-55): 


Section 1.—Delete note from Section 1. 


Filmeter 
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Section 2.—Revise to read as follows: 


(1) Quantity, in pieces or pounds. 

(2) Form; magnesium ingot and stick are 
normally furnished in the following 
commercial forms unless otherwise 
specified in the contract: 


Approxi- 


Approximate Size mate 


Form and Shape, in. Weight, Ib 
Ingot 
(3 notches)... 4 by 444 by 28..... 20.0 
Interlocking, 
self-palletizing 
ingot......... 814 by 234 by 33... 42.0 
Diameter Length 
0.65 12 0.25 
= 0.92 12 0.50 
1.3 12 1.0 
1.3 24 2.0 


TABLE XXIII.—CHEMICAL REQUIRE- 


MENTS. 
(Addition to Table I, B 179 — 55) 
SC103A | SC1I4A 
| 
Aluminum, per 
remainder | remainder 
Copper, per cent....| 2.0 to 4.0| 3.0 to 4.5 
Iron, per cent...... 1.0 1.0 


Silicon, per cent....'8.5 to 10.510.5 to 12.0 


Manganese, per 

0.50 0.50 
Magnesium, per 

0.6 to 1.5 0.10 
Zine, per cent...... 1.0 0.9 
Titanium, per cent.. 0.25 we 
Nickel, per cent.... 0.50 0.50 
Tin, per cent....... airs 0.35 
Other elements, 

Total, per cent... 0.50 0.50 


Standard Specification for Aluminum- 
Base Alloys in Ingot Form for Sand 
Castings, Die Castings, and Perma- 
nent Mold Castings (B 179 - 55): 


Table I.—For alloy CS66A revise the 
magnesium range from ‘0.25 to 0.40” to 
read “0.25 to 0.6” per cent. For alloy 
G4A revise the iron limit from “0.45” to 
read “0.40” per cent, max. For alloy 
SN122A revise the iron limit from “1.0” 
to read “1.1” per cent, max, and the 
magnesium range from “0.9 to 1.3” to 
read ‘0.8 to 1.3” per cent. For alloy 
ZC60A revise the iron limit from ‘1.3” 
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RECOMMENDATIONS AFFECTING FOR LicHT AND Atsovs 


to read “1.2” per cent, max, and the 
magnesium range from “0.25 to 0.45” 
to read “0.30 to 0.45” per cent. For 
alloy ZG32A revise the magnesium 
range from “1.4 to 1.8” to read “1.5 to 
1.8” per cent. For alloy ZG42A revise 
the magnesium range from “1.8 to 2.4” 
to “1.9 to 2.4” per cent. For alloy 
ZG61B revise the iron limit from 0.45” 
to read “0.40” per cent max, and the 
magnesium range from “0.6 to 0.8” to 
read ‘0.65 to 0.8” per cent. Delete alloy 
ZC8iA-B and replace it with ZC81A 
and ZC81B with the chemical require- 
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ments shown in the accompanying Table 
XXII. Add alloys SC103A and SC114A 
with the chemical requirement shown in 
the accompanying Table XXIII. 

Delete Footnote @ and the table of © 
former alloy designations and reletter 
subsequent footnotes accordingly. 


WITHDRAWAL OF STANDARD 
The committee recommends with- 
drawal of the following standard: 


Standard Specification for Aluminum — 
Ingots for Remelting (B 24 — 46). 
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Committee B-8 on Electrodeposited 
Metallic Coatings held two meetings 
during the year: on September 22, 1955, 
at ASTM Headquarters, Philadelphia, 
Pa., and in Buffalo, N. Y., on March 1, 
1956. 

The membership of the committee 
now consists of 128 members, of whom 
54 are classified as producer, 18 as con- 
sumer, 56 as general interest, and 16 as 
consulting members. 

George Best has been appointed to 

. represent the committee on Committee 
D-19 on Industrial Water, and A. H. 
DuRose has been appointed to Sub- 
committee 16 on Thickness Measure- 
ment of Committee E-1. 

The committee has approved by letter 
ballot the submission of its specifications 
and recommended practices to the 
American Standards Association for ap- 
proval as American Standards. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, C. H. Sample. 

Vice-Chairman, A. B. Saltonstall. 

Secretary, D. M. Biggs. 

Advisory Committee 
Large, R. E. Harr. 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial change in the Standard 
Specifications for Electrodeposited Coat- 
ings of Nickel and Chromium on Copper 
and Copper-Base Alloys (B 141 — 55):! 

Section 2.—Add a footnote reference 


Member-at- 


* Presented at the Fifty-ninth Annual Meeting 
of the Society, June 17-22, 1956. 
11955 Book of ASTM Standards, Part 2. 
— 
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to the end of this section, the footnote to 
read as follows: “Nickel deposited by 
chemical reduction and otherwise meet- 
ing the requirements of the particular 
application may be accepted under these 
specifications.” 

This footnote is added in the interest 
of uniformity, since it is identical to the 
one now appearing in the Specifications 
for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166). 


The recommendation in this report has 
been submitted to letter ballot of the 
committee, the results of which will be 
reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Papers, Specifica- 
tions, and Definitions (F. Ogburn, chair- 
man).—The Symposium Committee, 
under the chairmanship of W. L. Pinner, 
presented a highly successful one-day 
Symposium on Properties, Tests and 
Performance of Electrodeposited Metal- 
lic Coatings,* on February 29, 1956, at 
Committee Week in Buffalo. This sym- 
posium will be repeated at the Second 
ASTM Pacific Area National Meeting 
in Los Angeles, Calif. in September, 
1956. 

A new Section C on Nickel and Nickel 
Alloys Deposited by Chemical Reduc- 
tion was established under the chair- 
manship of Walter Moline. 

The appointment of a new task group 


2 The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 

3 Issued as separate publication ASTM No. 
197. 
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has been authorized to consider the mat- 
ter of marking electroplated items to 
indicate compliance with ASTM speci- 
fications. 

Subcommitiee IIT on Performance Tests 
(W. L. Pinner, chairman).— Inspection 
and rating of steel panels plated with 
copper-nickel-chromium, and _nickel- 
chromium are continuing. Additional 
panels, designated as Program 4, were 
exposed during March and April, 1956. 
Panels exposed during 1955 for the pur- 
pose of obtaining typical corrosion pat- 
terns and demonstrating rating numbers 
are being removed and preserved in 
various stages of deterioration. 

Inspections and ratings of zinc-plated 
steel panels, many with conversion coat- 
ings, are being continued. Massive steel 
panels, cadmium plated, with conversion 
coatings, are ready to be exposed. 

A modification of present rating sys- 
tems has been proposed and it will be used 
at the May inspection. 

New task groups have been appointed 
on white brass coatings for indoor ex- 
posure, under the chairmanship of H. 
Kahler, and on outdoor exposure of 
copper-nickel-chromium coatings on alu- 
minum, under the chairmanship of J. 
W. Kerstetter. 

Subcommittee III on Conformance 
Tests (R. F. Ledford, chairman).— 
A task group under the chairmanship 
of C. F. Waite has not found it advisable 
to include in the Method of Test for Local 
Thickness of Electrodeposited Coatings 
(A 219) descriptions and procedures for 
the anodic solution method and the jet 
method for measuring thickness. 

A task group under the chairmanship 
of W. Moline is reviewing methods for 
measuring thickness of chromium de- 
posits. 

The task group under M. Frager on 
effect of temperature on service life of 
electrodeposited and hot-dipped zinc 
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coatings has recommended the addition 
of a precautionary appendix to the 
Specifications for Electrodeposited Coat- 
ings of Zinc on Steel (A 164). 

Subcommittee IV on Electroplating 
Practice (Max Frager, chairman).— 
A Recommended Practice for the 
Preparation of Lead and Lead Alloys for 
Electroplating has been prepared and is 
ready for letter ballot of Committee 
B-8. 

A newly appointed task group under 
the chairmanship of H. Kafarski is in- 
vestigating the feasibility of preparing a 
recommended practice on the analysis 
and treatment of water for use in plating 
and allied operations. 

Subcommittee V on Supplementary 
Treatments for Electrodeposited Metallic 
Coatings (Marc Darrin, chairman) is 
directly involved in the exposure tests 
of the steel panels, zinc and cadmium 
plated with conversion coatings, men- 
tioned above under the activities of 
Subcommittee IT. 

Section F on supplemental organic 
coatings has acquired some interesting 
information regarding treatment of 
chromium plate prior to application of 
clear organic coatings. The section has 
been asked to develop information of 
this type with respect to organic coatings 
over chromated zinc plate. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 128 voting members; 115 
members returned their ballots, of whom 
107 have voted affirmatively and 0 


. negatively. 


Respectfully submitted on behalf of 
the committee, 

H. SAMPLE, © 

Chairman. 


R. B. SALTONSTALL, 
Secretary. 
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REPORT OF COMMITTEE B-9 


ON 
METAL POWDERS AND METAL POWDER PRODUCTS* 


Committee B-9 on Metal Powders 
and Metal Powder Products held one 
meeting during the year: in New York 
City on February 22, 1956. 

The officers and members of the Ad- 
visory Committee elected for the ensuing 
term of two years are as follows: 

Chairman, J.L. Bonanno. 

Vice-Chairman, H. R. Biehl. 

Secretary, C. G. Johnson. 

Advisory Committee: F. V. Lenel, 
M. H. Meighan, W. M. Shafer, and G. 
L. Werley. 


NEw TENTATIVES 


The committee recommends that the 
following be accepted for publication 
as tentative as appended hereto: 


Specifications for: 

High-Density Iron, Sintered Metal Powder 
Structural Parts, and 

Low- and Medium-Density Iron, Sintered 
Metal Powder Structural Parts. 


Methods of: 


Test for Green Strength of Compacted Metal 
Powder Specimens, and 
Test for Density of Cemented Carbides. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revision 
of the Standard Method of Test for 
Sieve Analysis of Granular Metal 
Powders (B 214 - 48),? and accordingly 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 These tentatives appear in the 1956 Supple- 
ment to Book of ASTM Standards, Part 2. 
21955 Book of ASTM Standards, Part 2. 


requests the necessary nine-tenths af- 
firmative vote at the Annual Meeting in 
order that the revision may be referred 
to letter ballot of the Society: 

Section 2 (b).—Change to read as 
follows: 


(6) Sieve Shaker.—A mechanically operated 
sieve shaker, which imparts to the set of sieves 
a rotary motion and tapping action of uniform 
speed, shall be used. The number of taps per 
minute shall be between 140 and 160. The sieve 
shaker shall be fitted with a hard maple plug to 
receive the impact of the tapping device. The 
entire apparatus shall be rigidly mounted by 
bolting to a solid foundation, preferably of 
concrete. Preferably a time switch shall be pro- 
vided to insure accuracy of duration of the test. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives be continued with- 
out revision in view of pending changes: 


‘Tentative S pecifications for: 


Metal Powder Sintered Bearings (Oil Impreg- 
nated) (B 202-55 T), 

Sintered Metal Powder Structural Parts from 
Bronze (B 255-54T), and 

Sintered Metal Powder Structural Parts from 
Brass (B 282 -53 T). 


Tentative Method of: 


Subsieve Analysis of Granular Metal Powders 
by Air Classification (B 293 - 54 T). 


Tentative Recommended Practice for: 


Hardness Testing of Cemented Carbides 
(B 294 -54T). 


The recommendations in ‘this report 
have been submitted to letter ballot of 
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the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


The seven active subcommittees and 
sections of the committee met twice 
during the year: in Philadelphia, Pa., 
on October 18 to 19, 1955, and prior to 
the main committee meeting in New 
York City on February 21 to 22, 1956. 

Subcommitiee I on Nomenclature and 


‘Technical Data (F. N. Rhines, chair- 


man) formulated the following scope of 
activities to guide its efforts: 


To determine the technical consequences of 
producing materials, or otherwise operating 
within specifications written by the several 
subcommittees, and to discover, if possible, the 
causes of any unexpected and unwanted results 
when working within these specifications. This 
is to be accomplished, insofar as may be feasible, 
by gathering data from those who are producing 
the specified materials, or are using the specified 
methods, as will best reveal the effects of using 
the specifications. The data so gathered are to be 
analyzed and the results made available in suit- 
able form. 


It is expected that the results will 
reveal flaws, if any, in the operation of 
the specifications and perhaps indicate 
how these could be corrected. 

The program of gathering data rela- 
tive to the operation of specification 
B 222-52 is continuing under the 
leadership of J. M. Copeland. Efforts to 
gather data on the K-factor for bearings 
manufactured under the restrictions of 
Specifications B 202-55 T have been 
suspended owing to a decision in Sub- 
committee III-A to revise the specifica- 
tions. 

The subcommittee is currently revising 
the definitions of several terms and 
defining additional terms as revisions 
of the present glossary (B 243-55). 
Studies are in progress toward improved 
definitions of ‘“cermets,’” “green 


3 The,letter ballot vote on these recommenda 
tions was favorable; the results of the vote are on 
record at ASTM Headquarters. ne 


strength” (as applied to metal powder 
specifications), “green density” and 
““K-factor’’. 

Subcommittee I] on Metal Powders 
(J. J. Cordiano, chairman).—Section 
A on Base Metal Powders (J. J. Cor- 
diano, chairman) prepared the Tenta- 
tive Method of Test for Green Strength 
of Compacted Metal Powder Specimens 
referred to earlier in this report. Efforts 
to establish a suitable method for de- 
termining compressibility of metal 
powders are continuing with improved 
precision and reproducibility as ob- 
jectives. 

The subcommittee approved the re- 
commendation of the Advisory Com- 
mittee of E-3 that a subcommittee be 
established in Committee E-3 (Methods 
of Chemical Analysis of Metal) with full 
representation from the producers and 
fabricators of metal powders to develop 
methods of chemical analysis of metal 
powders. Since Committee E-3 did not 
consider the method for determining 
the loss of weight in hydrogen heat 
treatment of metal powders, a chemical 
analysis, the subcommittee is preparing 
the method for letter ballot. 

This committee approved the con- 
tinuance of the Method of Subsieve 
Analysis of Granular Metal Powders by 
Air Classification B 293-54 T as ten- 
tative to allow additional time for the 
general use of the method. 

Section B on Refractory Metal 
Powders (W. H. Bleecker, chairman), 
is preparing a method for measuring 
metal powder particle size with the 
Fisher Subsieve Sizer. Though results of 
a round-robin test using the method on 
samples of tungsten powder were gen- 
erally satisfactory, there were some 
objections raised. Further revisions will 
be made before balloting in the sub- | 
committee. 


The subcommittee will continue work 


on the turbidimetric method for particle 
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The whole problem of particle size 
determination in the 1- to 10-micron 
range was forwarded to the ASTM 
Administrative Committee on Research 
for inclusion in the bulletin “Some 
Unsolved Problems.” 

Subcommittee III on Metal Powder 
Products (R. P. Koehring, chairman).— 
Section A on Bearings (M. H. Meighan, 
chairman) is preparing a proposed size 
list for flanged sleeve-type bearings. 
Work is continuing on the “K-factor” 
and its possible correlation with micro- 
structure. A task group headed by H. R. 
Biehl will carry on a study of machin- 
ability of sintered bronze bearings with 
the objective of correlating machin- 
ability, “K-factor,” and microstructure 
of sintered bronze parts. 

Section B on Structural Parts (P. J. 
Shipe, chairman) prepared the Speci- 
fications for High-Density Iron, Sin- 
tered Metal Powder Structural Parts 
and the Specifications for Low- and 
Medium-Density Iron, Sintered Metal 
Powder Structural Parts referred to 
earlier in this report for publication as 
tentatives. A task group is improving 
the information contained in the ap- 
pendix of each specification. Under 
consideration are changes in the 10-day 
rejection clause contained in the speci- 
fications prepared by the subcommittee 
and deleting the clause that states, 
“hardness tests are unreliable.”” Mechan- 
ical properties of brass as reported in the 
appendix of Specifications B 282 - 53 T 
is under investigation. The subcommittee 
voted to continue the two Specifications 
B 255-54 T and B 282-53 T as ten- 
tatives pending proposed changes. 
Section C on Cemented Carbides 


REPORT OF COMMITTEE B-9 


C. G. JOHNSON, 


(E. W. Engle, chairman) prepared and 
submitted for publication by the Society 
the Method of Test for Density of 
Cemented Carbides referred to earlier in 
this report. The subcommittee also 
recommended retaining the Recom- 
mended Practice for Hardness Testing 
of Cemented Carbides (B 294-54 T) 
as tentative pending investigation of 
errors that have been reported. The task 
groups on Carbide Classifications and 
Microstructure have been discharged. 
R. Dorr of the Carboloy Dept., General 
Electric Co., was appointed chairman 
of the task group on Physical Properties 
replacing J. G. Gurland, who has re- 
signed from Subcommittee ITI-C. 
Section E on Machinable Heavy 
Metals (A. S. Doty, chairman), newly 
organized, held two meetings during the 
year and is preparing a specification for 
machinable high-density tungsten-nickel- 
copper alloys. The scope of this specifica- 
tion was established and a task group 
prepared the first draft of a specification, 
which will be circulated to the section 
prior to the next meeting. It was decided 
that additional members for Section E 
would be solicited, particularly from 
consumers such as the aircraft industry. 


This report has been submitted to a 
letter ballot of the committee, which 
consists of 71 members: 52 members 
returned their ballots, of whom 47 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. L. Bonanno, 
Chairman. 


Secretary. 
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The Advisory Committee on Cor- 
rosion held two meetings during the 
year: on November 1, 1955, at ASTM 
Headquarters, and on March 1, 1956, 
during Committee Week in Buffalo, 
N. Y. 


PERSONNEL 


D. A. George has been appointed as 
the alternate representative from Com- 
mittee D-14 on Adhesives; and H. F. 
Hormann has been appointed as the 
alternate representative from Com- 
mittee A-5 on Corrosion of Iron and 
Steel, replacing J. G. Thompson, re- 
cently retired. Committee B-4 on 
Metallic Materials for Electrical Heat- 
ing, Electrical Resistance, and Elec- 
trical Contacts has appointed G. F. 
Geiger in addition to Chairman E. I. 
Shobert, IT. 


4 
FINANCIAL STATUS 


Although it will be necessary to in- 
crease the number of specimen racks 
and pipe frames at various locations 
to provide for programs currently 
under way or authorized, this can be 
done and still stay well within the 
original plans. In 1949 it was estimated 
that a fund of $100,000 would suffice 
for a ten-year period. After seven years 
of operation there is still more than 
$60,000 available. It is planned that in 
order to augment the present balance 
and in view of the recent use of facilities 
by Committee C-19 on Structural 
Sandwich Constructions, which group 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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_ made for fencing this area and for the 


was not previously approached, an 

appeal be made to those who an 
benefit from the C-19 program. © 


Test Site CHANGES 
New York, N. Y., Area: 


The establishment of a _ heliport 
adjacent to the test site area located on © 
the sixteenth floor penthouse roof of _ 
the Port of New York Authority Build- 
ing in New York has been considered 
sufficient reason for the transfer of 
certain specimens to a new site on 
grounds owned by the U. S. Steel Supply 
Division, U. S. Steel Corp., in Newark, 
N. J. The site is near the Kearny test 
site of the U. S. Steel Corp. which was 
previously calibrated against the Port 
Authority location. Little difference 
was found with respect to degree of 
corrosivity. Arrangements have been 


construction and erection of six pipe 
frame supports. 

It has been decided to refer to the 
Port Authority Building, Bell Labora- 
tory roof, and the new site in Newark 
as “New York Area.” 


Mohave Desert: 


A year ago Committee B-6 on Die-— 
Cast Metals and Alloys had tentative 
plans for using an area provided by 
the Naval Installation at Inyokern 
(China Lake), Calif. This was not in-— 
tended as an official ASTM test site 
and as the B-6 plans have not crystal- 
lized as anticipated, there will probably 
be no use made of this area by the 
Society. 
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Key West, Fla.: 

Establishment of a housing develop- 
ment in the immediate vicinity of the 
Key West test site resulted either in 
demolition or vandalism of virtually all 
the specimens remaining at that loca- 
tion. There will appear in the July 
ASTM BUvuLtetin an article by K. G. 
Compton indicating why, when con- 
sidering past tests, it would be more 
proper to refer to the Key West en- 
vironment as “Rural (Marine)” rather 
than “Marine.” 


EXPOSURE PROGRAMS IN 
PLANNING STAGE 


Committee A-5 on Corrosion of Iron and 
Steel: 


Subcommittee XVI on Hardware 
Tests has completed its plans for a 
new exposure test of hardware involving 
atmospheric exposure tests in the New 
York Area and Kure Beach, N. C. 
These specimens will include zinc and 
aluminum coatings on carbon and alloy 
steels. 


Committee A-7 on Malleable Iron Cast- 
ings: 


This committee is planning a rather 
extensive program consisting of more 
than a thousand specimens to include: 

1. Standard malleable. 

. Standard malleable, galvanized. 
. Standard malleable, black with 

0.25 to 0.50 per cent copper 

added. 

4. Low combined carbon, pearlitic 
malleable iron. 

5. Relatively high combined carbon, 
pearlitic malleable iron. 

Present plans call for exposure in 
the New York Area; Kure Beach, N. C.; 
East Chicago, Ind.; Brazos River, 
Tex.; and Point Reyes, Calif. 


Committee A-10 on Ivon-Chrominum. 
Tron-Chromium-Nickel and Related Al- 
loys: 


It appears that this program which 
has been in the planning stage for some 
time will reach the exposure stage this 
fall. Specimens will include 3 by 6-in. 
and 4 by 6-in. panels, wires, spot- 
welded specimens, arc-welded  speci- 
mens, and specimens of corrosion- 
resistant tubing. Sites to be used are 
Kure Beach, New York Area, State 
College, and Brazos River. 


Commitlee B-8 on 
Metallic Coatings: 


Electrode posited 


A number of cadmium-plated steel 
panels for service ‘esting of supple- 
mentary chromate films will be exposed 
at Kure Beach, Bell Telephone Labora- 
tories (New York City), and at the 
Rock Island Arsenal in Rock Island, 
Ill. A number of the test panels will be 
provided with buttons of dissimilar 
metals for study of galvanic action. 
These metals will include brass, copper, 
and stainless steel. 


Federation of Paint and Varnish Pro- 
duction Clubs: 


The Federation of Paint and Varnish 
Production Clubs had been granted 
permission to use the Brazos River test 
site; this application was subsequently 
changed to Kure Beach, and this re- 
quest has been approved pending avail- 
ability of facilities. 


CORROSION EXHIBIT 


The Advisory Committee on Corro- 
sion sponsored at the 1952 Annual 
Meeting a display representative of 
much of the Society’s work in corrosion 
nad deterioration. In the past four years 
the number of programs and committees 
concerned have greatly increased and it 
is planned to hold a similar exhibit in 
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Atlantic City in June and at the Pacific 
Area National Meeting in Los Angeles 
in September. 

Contributions from Committee A-5 
on Corrosion of Iron and Steel will 
include a series of 9 by 12-in. Koda- 
chrome prints of the sheet test speci- 
mens from the hardware tests, and a 
selected group of Kodachrome slides 
pertaining to the A-5 work. 

Committee A-10 on Iron-Chromium, 
Iron-Chromiun-Nickel and Related Al- 
loys will exhibit specimens of 17 per 
cent chromium and 18 per cent chromi- 
um-8 per cent nickel steels taken from 
the New York site. The Committee 
A-10 contribution will be supplemented 
by specimens from long-time tests on 
corrosion-resistant steels as conducted 
by several of the leading stainless steel 
producers. 

Committee B-3 on Corrosion of 
Non-Ferrous Metals and Alloys will 
make available the data from the work 
of Subcommittee VII on Weather, 
particularly the subgroup on test site 
calibration. 

Committee B-7 on Light Metals 
and Alloys is contributing a number of 
specimens which have been tested 
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after several years of exposure, and a 
series of blown-up charts summarizing | 
data to date. 

Committee B-8 on Electrodeposited _ 
Metallic Coatings has a display which 
will show the relative corrosivity of 
various environments on copper-nickel- 
chromium and on lead platings. 

Committee C-19 on Structural Sand- 
wich Constructions will have specimens 
of materials similar to those under test — 
at State College and Kure Beach. 

Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products will 
have a number of metal panels showing 
the effects of one and two coat paint — 
systems of varying formulae. 

There will be a special section de- 
voted to the effects of corrosion in high- 
purity water. This has been developed 
through the efforts of Committee D-19 
on Industrial Water. 


Respectfully submitted on behalf of © 
the committee, 


JEROME STRAUSS, 
Chairman, 


J. S. PETTIBONE, 
Secretary. 
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REPORT OF COMMITTEE C-1 


ON 
4 
CEMENT* 
_ Committee C-1 on Cement held two Chairman, R. R. Litehiser. — ' 
meetings during the year: in Atlantic Vice-Chairman, W. C. Hanna. a 


City, N. J., on June 30, 1955, and in 
Montreal, Quebec, Canada, on October 4, 
1955. Special features of the Montreal 
meetings were planned tours of local 
industry and a technical session devoted 
to the development of the St. Lawrence 
Seaway and related topics. 

The committee records with sorrow 
the death of three members: Harmon S. 
Meissner, Grant J. Durant, and F. O. An- 
deregg. Mr. Meissner, member since 1946, 
represented the Bureau of Reclamation; 
Mr. Durant, member since 1936, repre- 
sented Froehling & Robertson, Inc., of 
Richmond, Va.; Mr. Anderegg, consulting 
engineer, was a member since 1940. 

In recognition of their long association 
with Committee C-1 and their outstand- 
ing contributions to its work, the follow- 
ing two individuals were made Honorary 
Members of the committee: Perry J. 
Freeman, member for over 30 years; 
and John R. Dwyer, member since 1920 
and Technical Assistant to Committee 
C-1 since 1931. During the year, the 
eleven Honorary Members were pre- 
sented with certificates and citations. 

At the 1955 Annual Meeting of the 
Society two members of Committee C-1 
were honored by the Society: W. C. 
Hanna, Vice-Chairman of C-1, as a 
50-year member, and H. F. Clemmer 
as a 40-year member. 

The officers elected for the ensuing 
term of two years are as follows: 


* Presented at the Fifty-ninth Annual Meet- 
_ ing of the Society, June 17-22, om. 


Secretary, W. S. Weaver. 

During the year, John R. Dise was 
appointed to succeed J. R. Dwyer as 
Technical Assistant to Committee C-1 
and Supervisor of the Cement Reference 
Laboratory. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee C-1 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Standard Specifica- 
tions for Masonry Cement (C 91 - 55) 
be revised and reverted to tentative 
status. 

This recommendation was accepted by 
the Standards Committee on September 
15, 1955, and the revised specifications 
appear in the 1955 Book of ASTM 
Standards, Part 3. 


REVISION OF TENTATIVES 


The committee recommends that the 
following Specifications and Methods 
be revised as indicated and continued 
as tentative: 


Tentative Specifications for Portland 
Blast-Furnace Slag Cement (C 205 - 
53 


Table II.—Change the compressive 
strength requirements to read as fol- 
lows for the various ages: 


11955 Book of ASTM Standards, Part 3. 
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Types 
Age, days Is IS-A 
2100 1500 


Tentative Method of Test for Calcium 
Sulfate in Hydrated Portland Cement 
Mortar (C 265 — 55 T):! 


Section 1,—Change the last sentence 
to read as follows: 


This method of test is intended for use 
primarily by manufacturers of portland cement 
and those interested in research on a suitable 
method for determining whether calcium sul- 
fate has or has not been used in an amount 
considered to be optimum. 


Section 8.—Delete the note at the end 
of this section. 


Tentative Method of Test for False Set 
of Portland Cement (C 359-55 T):! 


Section 2 (b).—Change to read as 
follows: 


Modified Vicat apparatus, as described in 
Section 2(d) of the Method of Test for Time of 
Setting of Hydraulic Cement by Vicat Needle 
(ASTM Designation: C 191), except that the 
1-mm needle ‘shall be replaced by a weight such 
that the total weight of the 1-cm plunger, 
indicator, and added weight shall be 400 + 
0.5 g. 


Section 4 (d).—In line 8, change ‘23 
min” to read “3 min.” 


Methods of Chemical Analysis of Port- 
land Cement (C 114-51 T):! 


Delete Sections 6 through 11 covering 
Darex Air-Entraining Agent. 

This recommendation is made be- 
cause an investigation conducted during 
the past few years has indicated that a 
suitable revision would require special 
complex apparatus and analytical pre- 
cautions that do not seem warranted 
based on the minor use reported for the 


test. 


On CEMENT 


ADOPTION OF TENTATIVE AS 
STANDARD WITHOUT REVISION 


The committee recommends that the 
following tentative be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Tentative Method of Test for Compressive 
Strength of Hydraulic Cement Mortars 
(Using 2-In. Cube Specimens) (C 109 — 54 T).! 


ADOPTION OF ‘TENTATIVE REVISION 


AS STANDARD 


The committee recommends that the 
tentative revision relating to Section 7 — 
of the Standard Method of Test for 
Autoclave Expansion of Portland Ce- — 
ment (C 151-54)! be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following four methods of test be con- 
tinued as tentative without revision. 
All are subjects of current study within 
the committee. 


Tentative Method of Test for: 


Potential Alkali Reactivity of Cement-Aggre- 
gate Combinations (C 227 - 52 T), 

Time of Setting of Hydraulic Cement by Gill- 
more Needles (C 266-51 T), 

Flexural Strength of Hydraulic Cement Mortars 
(C 348 -54T), and 

Compressive Strength of Hydraulic Cement 
Mortars (Using Portions of Prisms Broken 
in Flexure) (C 349-54T). 


WITHDRAWAL OF STANDARD 

The committee recommends that the ~ 

Standard Method of Test for Soundness 

of Hydraulic Cement Over Boiling Water 

(Pat Test) (C 189-49)! be withdrawn 

since it is no longer used in any of the 
ASTM specifications. 
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REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions of the follow- 
ing standards as indicated, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that these revisions may be 
referred to letter ballot of the Society. 
These revisions will bring Specifications 
C150 and C175 into more complete 
agreement with the soon-to-be-estab- 
lished Federal specifications for the cor- 
responding cements. 


Standard Specifications for Portland 
Cement (C 150 - 55): 


Table II—Physical Requirements.— 
Change the values of the fineness re- 
quirements to read as follows: 


Fineness, specific sur- | 
face, sq cm per g | 
(alternate meth- | 

ods): 

_Turbidimeter test: 
Average value, 
|1600 1600 
Minimum value, | 
any one sam- | 

ple included in 

the average. . .|/1500)1500 

permeability 
test: 

Average value, 

. ./2800;2800} .. | 80012800 

Minimum value, 

any one sam- 
ple included in | | | 
the average. . - |2600 2600 


.|1600)1600 


Air | 


'2600|2600 


Standard Specifications for Air-En- 
training Portland Cement (C175 - 
§5):! 

Table II—Physical Requirements.— 
Change the values of the fineness re- 
quirements to read as follows: 


REPORT OF COMMITTEE C-1 


iT. 
ike IITA 
Fineness, specific surface, sq cm 
per g (alternate methods): 
Turbidimeter test: 
Average value, min. . .|1600, 1600 
Minimum value, any one 
sample included in the 
average.......... «hak 1500 1500, 
Air permeability test: \ 
Average value, min.... . . .|2800/2800, 
Minimum value, any one 
sample included in the 
2600|2600) 


Change the strength requirements for 
Type IIIA cement to read as follows: 
Compressive strength, psi (not less than): 


1 day in moist air, 2 days in water..... 


EDITORIAL CHANGES 


The committee recommends editorial 
changes in the following standards as 
indicated: 


Standard Method of Test for Fineness 
of Portland Cement by Air Permeabil- 
ity Apparatus (C 204-55):' 


Section 3 (e).—Replace the last four 
words of the second sentence with the 
statement “rod slightly smaller than 
the cell diameter.” 


Tentative Specifications for Portland- 


Blast Furnace Slag Cement (C 205 - 

53 T):! 

Table I.—Delete the requirements for 
TDA and 109-B. This action is recom- 
mended because it was not the intent 
of this specification that these constitu- 
ents be determined to check compliance 
of a cement with specifications C 205. 

Table II.—In the second sentence of 
Footnote a, change “‘Equation 10” to 
read “Equation 7 or 8.”’ This change is 
necessary because of a renumbering of 
the equations in Method C 204. 
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On CEMENT 


Section 3 (b).—Delete the words 
“within the respective limits shown in 
Table I.” This deletion is necessary 
because of the above revision in Table I. 


Tentative Method of Test for Bleeding 
of Cement Pastes and Mortars (C 
243 - 55 T):! 


Section 4 (b).-Change to read as 
follows: 


(b) Mixing.—-Mixing shall be done in con- 
formance with Tentative Method for Mechani- 
cal Mixing of Hydraulic Cement Mortars of 
Plastic Consistency (ASTM Designation: 
C 305) except that: 

1. Mixer shall be operated at low speed 

throughout. 

2. There shall be a waiting period of 3 min 
between preliminary and final mixing in 
order to eliminate the effect of thixo- 
tropic set. 

3. Both preliminary and final mixing shall 
be for a period of 3 min each. 

When mixing pastes, the materials for the 
batch shall be introduced in the following 
manner: 

1. Place all the mixing water in the bowl. 

2. Add the cement to the water and mix for 
3 min at low speed, 

3. Let the paste stand for 3 min. During the 
first 15 sec of this interval, quickly 
scrape down into the batch any paste 
that may have collected on the side 
of the bowl; then for the remainder of 
this period, cover with a damp cloth 
or lid. 

4. Mix for 3 min at low speed. 


Section 5.—Replace the last sentence 
with the following: “Of the final batch 
giving the proper flow, discard that por- 
tion used in the flow determination. 
Do not use it in the bleeding determina- 
tion.” 


4 


the flow test, remix for 30 sec the mortar 
remaining in the mixing bowl.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
reported at the Annual Meeting.? 


Section 7 (b).—Change the first sen- 
tence to read: “Immediately following 

This report has been submitted to 
letter ballot of the committee, which 
consists of 91 voting members; 79 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 

Respectfully submitted on behalf of — 
the committee, 


R. R. LITEHISER, 
Chairman. 


* The letter ballot vote on these 


dations was favorable; the results of the vote are 
on record at ASTM Headquarters. 


W. S. WEAVER, 
Secretary. 


Ep1Tor1aL NOTE 


Subsequent to the Annual Meeting, Committee C-1 presented to the Society through 
the Administrative Committee on Standards the recommendation that the Tentative | 
Specifications for Masonry Cement (C 91 - 55 T) be revised. This recommendation was 

accepted by the Standards Committee on December 17, 1956, and the revised tentative 
specifications appear in the 1956 Supplement to Book of ASTM Standards, Part 3. 
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REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions of the follow- 
ing standards as indicated, and accord- 
ingly asks for the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that these revisions may be 
referred to letter ballot of the Society. 
These revisions will bring Specifications 
C150 and C175 into more complete 
agreement with the soon-to-be-estab- 
lished Federal specifications for the cor- 
responding cements. 


Standard Specifications for Portland 


Cement (C 150 - 55): 


Table II—Physical Requirements.— 
Change the values of the fineness re- 
quirements to read as follows: 


Type Type Tyre Type 


Fineness, specific sur- 
face, sq cm per g 
meth- 


test: 
Av erage value, 
. . .|1600)1600 
Minimum value, 
any one sam- 
ple included in 
the average. . .|1500)1500) .. .!1500)1500 
Air permeability 
test: 
Average value, 
2800/2800) .. .|2800/2800 
Minimum value, | 
any one sam- 
ple included in | 
the average. . - |2600 2600) - |2600|2600 


Standard Specifications for Air-En- 
training Portland Cement (C 175 - 
55):! 

Table II—Physical Requirements.— 


Change the values of the fineness re- 
quirements to read as follows: oA 


REPORT OF COMMITTEE C-1 


Fineness, specific surface, sq cm 
per g (alternate methods): 
Turbidimeter test: 
Average value, min... ... .!1600)1600 
Minimum value, any one 
sample included in the 


Air permeability test: 
Average value, min... ... .|/2800/2800 


Minimum value, any one 
sample included in the 
2600/2600 


Change the strength requirements for 
Type ITIA cement to read as follows: 
Compressive strength, psi (not less than): 


1 day in moist air, 2 days in water..... 2500 


EDITORIAL CHANGES 


The committee recommends editorial 
changes in the following standards as 
indicated: 


Standard Method of Test for Fineness 
of Portland Cement by Air Permeabil- 
ity Apparatus (C 204-55):' 


Section 3 (e).—Replace the last four 
words of the second sentence with the 
statement “rod slightly smaller than 
the cell diameter.” 


Tentative Specifications for Portland- 
Blast Furnace Slag Cement (C 205 - 
53 T):! 


Table I.—Delete the requirements for 
TDA and 109-B. This action is recom- 
mended because it was not the intent 
of this specification that these constitu- 
ents be determined to check compliance 
of a cement with specifications C 205. 

Table II.—In the second sentence of 
Footnote a, change “Equation 10” to 
read “Equation 7 or 8.” This change is 
necessary because of a renumbering of 
the equations in Method C 204. 
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Section 3 (b).—Delete the words 
“within the respective limits shown in 
Table I.” This deletion is necessary 
because of the above revision in Table I. 


Tentative Method of Test for Bleeding 
of Cement Pastes and Mortars (C 
243 - 55 T):! 


Section 4 (b).—Change to read as 
follows: 


(6) Mixing.—Mixing shall be done in con- 
formance with Tentative Method for Mechani- 
cal Mixing of Hydraulic Cement Mortars of 
Plastic Consistency (ASTM Designation: 
C 305) except that: 

1. Mixer shall be operated at low speed 

throughout. 

2. There shall be a waiting period of 3 min 
between preliminary and final mixing in 
order to eliminate the effect of thixo- 
tropic set. 

3. Both preliminary and final mixing shall 
be for a period of 3 min each. 

When mixing pastes, the materials for the 
batch shall be introduced in the following 
manner: 

1. Place all the mixing water in the bowl. 

2. Add the cement to the water and mix for 
3 min at low speed, 

3. Let the paste stand for 3 min. During the 
first 15 sec of this interval, quickly 
scrape down into the batch any paste 
that may have collected on the side 
of the bowl; then for the remainder of 
this period, cover with a damp cloth 


or lid. is 
4. Mix for3 min at low speed. ts 


Section 5.—Replace the last sentence 
with the following: “Of the final batch 
giving the proper flow, discard that por- 
tion used in the flow determination. 
Do not use it in the bleeding determina- 
tion.” 

Section 7 (b).—Change the first sen- 
tence to read: “Immediately following 
the flow test, remix for 30 sec the mortar 
remaining in the mixing bowl.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
reported at the Annual Meeting.? 


This report has been submitted to 
letter ballot of the committee, which 
consists of 91 voting members; 79 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. LITEHISER, 
Chairman. 


W.S. WEAVER, 
Secretary. 
2 The letter ballot vote on these recommen- 


dations was favorable; the results of the vote are 
on record at ASTM Headquarters. 


Subsequent to the Annual Meeting, Committee C-1 presented to the Society through \e 
the Administrative Committee on Standards the recommendation that the Tentative 
Specifications for Masonry Cement (C 91 — 55 T) be revised. This recommendation was 


accepted by the Standards Committee on December 17, 1956, and the revised tentative 
specifications appear in the 1956 Supplement to Book of ASTM Standards, Part 3. 
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REPORT OF COMMITTEE C-2 


ON 
s,s MAGNESIUM OXYCHLORIDE AND MAGNESIUM 
OXYSULFATE CEMENTS* 


~ Committee C-2 on Magnesium Oxy- recommendations: 
chloride and Magnesium Oxysulfate Ce- 
ments met once during the year: on June ; ’ inte 
28, 1955, in Atlantic City, N. J., during Oxychloride Magnesia (C 275-51 T), 
the Annual Meeting of the Society. and 

The committee consists of 17 members, Tentative Definitions of Terms for: 
of whom 7 are classified as producers, 3 


Revisions of Tentative Specifications for: 


Magnesium Oxychloride and Magnesium 


as consumers, and 7 as general interest Oxysulfate Cements (C 376 - 55). 
members. 
The officers elected for the ensuing These recommendations were accepted 
term of two years are as follows: by the Standards Committee on Febru- 
Chairman, E.S. Newman. > ary 6, 1956, and on September 22, 1955, 
Vice-Chairman, J. B. James. respectively. 


Secretary, K. M. Berg. 
This report has been submitted to 


RECOMMENDATIONS ACCEPTED BY THE fetter ballot of the committee, which con- 
ADMINISTRATIVE COMMITTEE sists of 19 members; 16 members have re- 
ON STANDARDS turned their ballots, all of whom have 


voted affirmatively. 
, Subsequent to the 1955 Annual _— Respectfully submitted on behalf of 
ing, Committee C-2 presented to the 4, committee, 


Society through the Administrative D.S.H 
Committee on Standards the following 


Chairman. 
K. M. Bere 
*Presented at the Fifty-ninth Annual Meet- : ; ’ 
ing of the Society, June 17-22, 1956. Secretary. 


EpITORIAL NoTE 


Subsequent to the Annual Meeting, Committee C-2 presented to i Society diesen 
the Administrative Committee on Standards the following recommendations: 7 


Tentative Method of Test for: 
Yield of Magnesium Oxychloride Cement (Field Test) (C 388 - 56 T), and 


Yield of Magnesium Oxychloride Cement (Laboratory Test) (C 389 — 56 T). 


Lah 


These recommendations were accepted by the Standards Committee on November 
15, 1956, and the new tentative methods appear in the 1956 Supplement to Book of 
ASTM Standards, Part 3. 
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REPORT OF COMMITTEE C-3 
ON 


CHEMICAL-RESISTANT MORTARS* | 


Committee C-3 on Chemical-Resistant 
Mortars held two meetings during the 
year: on June 29, 1955, in Atlantic City, 
N. J., and on October 31, 1955, in 
Philadelphia, Pa. 

The membership of the committee 
consists of 32 members, of whom 12 are 
classified as producers, 8 as consumers, 
10 as general interest, and two as con- 
sulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Beaumont Thomas. 

Vice-Chairman, J. R. Allen. 

Secretary, E. A. Reineck. 


ADOPTION OF TENTATIVE AS STANDARD 
WitTHouT REVISION 


The committee recommends that the 
Tentative Method of Test for Bond 
Strength of Chemical Resistant Mortars 
(C 321 — 54 T)' be approved for reference 
co letter ballot of the Society for adoption 
as standard without revision. 


This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.” 


* Presented at the Fifty-ninth Annual Meet 
ing of the Society, June 17-22, 1956. 

11955 Book of ASTM Standards, Part 3. 

2 The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 


ié a} 


SUBCOMMITTEE ACTIVITIES 


During the year the committee was 
reorganized; four “S” subcommittees 
were set up to write specifications on 
hydraulic, resin, silicate, and sulfur 
mortars, and four ‘“T” subcommittees 
were set up to write test methods on 
mechanical, physical, and chemical 
properties, and recommended practices. 

Subcommittee T-1 on Mechanical 
Properties (J. R. Allen, chairman) has 
developed a test method for measuring 
the compressive strength of silicate 
mortars which are now under consider- 
ation. 

Subcommittee T-4 on Recommended 
Practices (W. H. Burton, chairman) has 
drafted recommendations for installing 
sulfur mortar joints, now under con- 
sideration. 


This report has been submitted to 
letter baliot of the committee, which 
consists of 27 members; 27 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
BEAUMONT THOMAS, 
Chairman. 
E. A. REINECK, 
Secretary. 
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EpiToriAL Note 


Subsequent to the Annual Meeting, Committee C-3 presented to the Society through 
the Administrative Committee on Standards the recommendation that the proposed _ 
Recommended Practice for Installing Sulfur Mortar Joints be accepted for publication __ 
as tentative. This recommendation was accepted by the Standards Committee on 
September 5, 1956, and the new tentative recommended practice appears in the 1956 » 


Supplement to Book of ASTM Standards, Part 3, bearing the designation C 386 — 56 T. 
199 
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‘REPORT OF COMMITTEE C-4 _ 
ON 4 
CLAY PIPEt* 


Committee C-4 on Clay Pipe held one 
meeting during the year: in Atlantic 
City, N. J. on June 28, 1955, at the 
time of the Annual Meeting of the So- 
ciety. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE ON © 
STANDARDS 


Subsequent to the 1955 Annual Meet- 

ing, Committee C-4 presented to the 

Society through the Administrative 

Committee on Standards the following 

recommendations: 

Revision of Tentative Specifications for: 

Extra Strength Clay Pipe (C 200 - 53 T), and 

Extra Strength Ceramic Glazed Clay Pipe 
(C 278 - 51 T). 

Tentative Revisions of Standard S pecifications for: 

Standard Strength Clay Sewer Pipe (C 13 — 54), 

Standard Strength Perforated Clay Pipe 
(C 211 - 50), and 

Standard Strength Ceramic Glazed Clay Sewer 


Pipe (C 261 54). 
These recommendations were accepted 


by the Standards Committee on Septem- 
ber 15, 1955, and the new and revised 
specifications appear in the 1955 Book of 
ASTM Standards, Part 3. 


ADOPTION OF TENTATIVE AS STANDARD 
WITHOUT REVISION 


Committee C-4 recommends that the 
Tentative Specification for Clay Flue 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


Linings (C 315-53 T)! be approved for 
reference to letter ballot of the Society 
for adoption as standard without revi- 
sion. 


AMERICAN STANDARDS 
Since the last report (1954) of Com- 


‘mittee C-4, the following standards un- 
der its jurisdiction were approved as 


American Standard by the American 
Standards Association: 


Specifications for: 

Standard Strength Perforated Clay Pipe 
(C 211 - 50), 

Standard Strength Clay Pipe (C 13 - 54), and 

Standard Strength Ceramic Glazed Clay Pipe 
(C 261 - 54). 


Methods of Testing: a 

Clay Pipe (C 301 - 54). aon 

Recommended Practice for: 


Installing Clay Pipe (C 12-54). | 


This report has been submitted to 
letter ballot of the committee, which 
consists of 29 members; 26 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, oe 
Chairman. 
R. G. Scort, 
Secretary. 


11955 Book Part 3. 
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Committee C-7 on Lime held two 
meetings during the year: in Atlantic 
City, N. J., on July 1, 1955, at the time 
of the Annual Meeting of the Society, 
and in Buffalo, N. Y., on February 28, 
1956, during ASTM Committee Week. 

The committee consists of 54 members, 
of whom 22 are classified as producers, 
10 as consumers, and 20 as general 
interest members, with 2 honorary 
members. 

New TENTATIVE 


The committee recommends that the 
Specifications for Fly Ash for Use as a 
Pozzolanic Material With Lime be ac- 
cepted for publication a3 tentative as 


appended hereto.! 


REVISION OF STANDARD, — 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions of the Stand- 
ard Methods of Sampling, Inspection, 
Packing, and Marking of Quicklime and 
Lime Products (C 50 - 27)? as appended 
hereto, and accordingly requests the 
necessary nine-tenths affirmative vote 
at the Annual Meeting in order that the 
revisions may be referred to letter ballot 
of the Society.’ 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 3. 

21955 Book of ASTM Standards, Part 3. 

3 This recommendation was not accepted at 
the annual meeting, see Summary of Proceeding, 
p 28. 

* The letter ballot vote on these recommend- 
ations was favorable; the results of the vote are 
on record at ASTM Headquaters. n't 
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SUBCOMMITTEE ACTIVITIES 


Subcommittee II on Structural Lime 
(B. L. Corson, chairman) plans to review 
the Specifications for Quicklime for 
Structural Purposes (C 5 - 26). 

Subcommittee III on Lime for the 
Chemical Industries (R. W. McAllister, 
chairman) is developing specifications 
for lime for use in the manufacture of 
silica brick, sand-lime brick, and hypo- 
chlorite bleach. 

Subcommittee V on Methods of Test of 
Lime and Lime Products (D. G. Hamme, 
chairman) is working on two tests for 
lime neutralization. 

Subcommittee VII on Pozzolans (L. J. 
Minnick, chairman) prepared the Speci- 
fications for Fly Ash for Use as a Poz- 
zolanic Materia] With Lime, referred to 
earlier in the report. The subcommittee 
is planning to develop additional de- 
tailed specifications for various uses of 
lime and pozzolanic material. 

Subcommittee IX on Research (W. C. 
Voss, chairman) presented a six-month 
progress report of round robin tests on 
the expansive characteristics of masons’ 
lime by autoclave testing procedure. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 54 members; 48 members re- 
turned their ballots, of whom 31 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 


S. Boynton, 
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Committee C-8 on Refractories held 
two meetings during the year: the eighty- 
eighth at Bedford Springs, Pa., on Octo- 
ber 6, 1955; and the eighty-ninth at 
Buffalo, N. Y., on March 2, 1956. 

The committee lost by death Stephen 
M. Swain and Earl C. Petrie both of the 
North American Refractories Co. 

The committee consists of 44 members, 
of whom 23 are classified as producers, 
14 as consumers, and 7 as general interest 
members. The membership limit has 
been increased from 45 to 46. 

The officers elected for the ensuing 
term of two years are as follows: _ 
Chairman, J. J. Hazel. OV 
Vice-Chairman, S. M. Phelps. 
Secretary, L. J. Trostel. plas 


New TENTATIVE 
The committee recommends for pub- 
lication as tentative the Methods for 
Chemical Analysis of Refractory Mate- 
rials, as appended hereto.? These methods 
are in effect a tentative revision of, and, 
when adopted, are intended to be added 
to the Standard Methods for Chemical 
Analysis of Refractory Materials (C18 — 
52). 
TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tentative 
revisions of the following standards as 
indicated: 


. Standard Methods of Chemical Analysis 
of Refractory Materials (C 18-52): 
Sections 16, 27, and 39.—Add the fol- 
lowing Note to the end of each of these 
sections: 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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Note.—There is an alternate method for 
K,0 and Na,O, which includes Li,O as well; 
this method will be found in Section 20 of the 
Tentative Methods for Chemical Analysis of 
Refractory Materials (ASTM Designation: C18 - 
56T).? 


Standard Definitions of Terms Relating 
to Refractories (C 71 — 55):! 


Delete the tentative revision issued in 
1955 covering the definition for nine inch 
series brick. 

Add the following 10 new definitions: 

Raw Refractory Dolomite.—Granular 
natural dolomite that is sufficiently low 
in fluxing constituents for use as a re- 
fractory material. 

Calcined Refractory Dolomite.-—Granu- 
lar refractory dolomite that has been 
heated only enough to convert the cal- 
cium and magnesium carbonates into 
oxides. 

Dead Burned Refractory Dolomite.— 
Granular refractory dolomite that has 
been burned (fired) above 1540 C with or 
without additives so as to form primarily 
lime and periclase in a matrix that pro- 
vides resistance of the grains to hydration 
and carbonation. 

Abutment.—The structural portion of 
a furnace which withstands the thrust 
of an arch. 

Acid Proof Brick.—Brick having low 
porosity and permeability, and a high 
resistance to chemical attack by most 
acids. 

Air Set.—The property of a material 
to develop high strength upon loss of 
moisture. 


2The new tentative appears in the 1956 
Supplement to Book of ASTM _ Standards, 
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Air kamming.—A method of forming 
refractory shapes, furnace hearths, or 
other furnace parts by means of pneu- 
matic hammers. 

American Bond.—Brick work in which 
stretcher courses are the principal por- 
tion, with headers laid every fifth, sixth, 
or seventh course. 

Arch—In furnace construction, a 
structure which usually spans two walls, 
and may be supported by them. 

Arch Brick—A brick having the 
largest faces inclined at the same angle 
toward one narrow side. 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that ten- 
tative revisions issued June, 1955, of the 
Standard Method of Test for Pyrometric 
Cone Equivalent (P.C.E.) of Refractory 
Materials (C 24-46)! be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


Revistons oF STANDARDS, 
_IMMeEpIATE ApopTion 


The committee recommer js for im- 
mediate adoption revisions 0: the follow- 
ing standards as indicated, and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revisions may be re- 
ferred to letter ballot of the Society: 


Standard Method of Test for Disintegra- 
tion of Fireclay Refractories in an 
Atmosphere of Carbon Monoxide 
(C 288 — 54):! 


Title——Delete the word “fireclay.” 

Section 1.—In line 3, delete the word 
“fireclay.” 

Section 3.—Add the following Para- 
graph (c): 

(c) Unfired refractories may be prepared for 
testing by firing above 1000 F and under suit- 


able conditions to remove combined water, and 
organic and volatile matter. 


Section 4(a).—In the first sentence, 
change “without the carbon monoxide 
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atmosphere” to read “in a nitrogen at- 
mosphere.” 

Note 1.—In line 3, change the word 
air” to read “nitrogen”. Change the 
last sentence to read: “‘A second method 
consists in flushing the nitrogen from the 
system with a fast flow of carbon mon- 
oxide.” 

The purpose of the foregoing revisions 
is to make the method applicable to un- 
fired refractories and to carbon and 
carbon-ceramic refractories. 


Standard Classification of Fireclay Re- 
fractories (C 27 - 41):! 


The proposed revised classification 
was published as information only in the 
1955 Proceedings, p. 397. At the October, 
1955, meeting of the committee it was 
recommended that the revised classifica- 
tion be published as a tentative revision 
of C 27 — 41, which action was confirmed 
by letter ballot. Further action was taken 
by the committee at its meeting in 
March, 1956, recommending that the 
revision be adopted as standard. The 
revised classification has not been pub- 
lished by the Society in the form of the 
tentative revision since this recommenda- 
tion was received subsequent to the 
preparation of Part 3 of the 1955 Book 
of Standards, and therefore the revised 
classification is offered for immediate 
adoption. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ _ 
The committee recommends ae 


revisions of the following standards as 
indicated: 


Standard Method of Test for a 


EDITORIAL REVISIONS 


Cone Equivalent (P.C.E.) of Refrac- 
tory Materials (C 24 - 46):! 
3 The letter ballot on these recommendations 


was favorable; the results of the vote are on rec- 
ord at ASTM Headquaters. 
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Fig. 3.—Replace with a new illustra- 
tion of the plaque showing the new cone 
numbers, and particularly a corrected 
representation of the 82-deg angle of 
inclination. 

A ppendix.—In the tentative revision 
of the Appendix, change the third para- 
graph to read: “Standard pyrometric 
cones (P.C.E.) of numbers 28 and 30 are 
manufactured but are not used in the 
P.C.E. test.” 


Standard Specification for Refractories 
for Malleable Iron Furnaces with Re- 
a movable Bungs, and for Annealing 
Ovens (C 63 51):! 


Section 8 (c).—Change “cone no. 31- 
32” to read “cone no. 313.” 

Section 8 (d).—Change “an intermedi- 
ate” to read “a medium.” 


Standard Specifications for Refractories 
"3 for Heavy Duty Stationary Boiler 


Service (C 64 -—51):! 
Sections 6 (a), (b), (c), (e).—Change 
“cone no. 31-32” to read “cone no. 
313.” 
Section 6 (f).—Change “an intermedi- 
ate” to read medium.” 


Standard Specifications for Refractories 
for Incinerators (C 106 — 51):! 


Section 5 (a).—Change “cone no. 31- 
32” to read “‘cone no. 314.” 

Section 5 (b).—Change “an intermedi- 
ate” to read “a medium.” 


Specifications for Refractories for Mod- 
erate Duty Stationary Boiler Service 
(C 153 51):! 


Section 5 (a).—Change “an interme- 


diate” to read “a medium.” 


Tentative Method of Test for Permanent 
Linear Change on Firing of Castable 
Refractories (C 269 - 55 T):! 


Section 1.—Delete the word “hard” 


Report: oF CoMMITTEE C-8 


Tentative Classification of Single- and 
Double-Screened Ground Refractory 
Materials (C 316 —- 53 T):! 


Section 5 (a).—In the second para- 
graph, change the first sentence to read: 
“Tf the shipment consists of 100 con- 
tainers or less, two shall be selected at 
random and their contents dumped and 
riffled to provide a 5-pound sample from 
each.” Change line 14 of the second para- 
graph to read: “The two or more 5- 
pound samples...” 

Section 6.—In line 11, delete the words 
“at least.” Change the last sentence to 
read: “The per cent figures from the 
respective sieves shall check within 2 per 
cent in duplicate determinations; other- 
wise these determinations shall be 
repeated.” 


Tentative Method of Test for Bulk 
Density of Granular Refractory Mate- 
rials (C 357-55 T):! 


Section 1.—Add to the end of this sec- 
tion: “This method is not suitable for 
materials which, in accordance with para- 
graph 6 (6), may hydrate in boiling 
water.” 

Section 5 (f).—Delete the words “such 
as dead-burned magnesite.” 

Section 6 (b).—In line 1, following the 
word “ignition,” add: “(according to 


5 (f)).” 
ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 
(R. P. Stevens, chairman) has supplied 
one revised and two new surveys for the 
1956 Manual, and will revise the surveys 
that are more than ten years old. 

Subcommittee III on Tests (S. M. 
Phelps, chairman): Section A.on Load 
(A. J. Metzger, chairman) is continuing 
its modulus-of-rupture studies on bricks 
of other forms than the standard ortho- 
rhombic; studies are also continuing on 


before “fireclay base.” = = the hot load test using smaller specimens 


| 
4 
[ 
"| 
q 
7 
{ 
“4 
= 
Aig 
4 
| 
‘ 
\ 
hy 
: 
4 
| 
4 
: 


On REFACTORIES 


than the present standard. The section is 
still looking for a laboratory to study the 
problem of temperature gradients in the 
hot load test. 

Section B on Spalling (L. J. Trostel, 
chairman) finds a kaolin-alumina mix 
better than kaolin alone as a mortar for 
the high-temperature panel. Improve- 
ments in the pyrometry of the spalling 
panel, and a test method for spalling of 
blast-furnace brick are under considera- 
tion. 

Section C on Temperature (J. L. 
Carruthers, chairman) has been re- 
quested to investigate further the effects 
of furnace and fuel, leading possibly to 
the specification of a single type of 
furnace for the P.C.E. test. 

Section E on Chemical Analysis 
(H. A. Heiligman, chairman) has com- 
pleted a 3-year study of the application 
of flame photometry to the determina- 
tion of alkalies in refractories, and has 
cooperated with Subcommittee XII in 
preparing procedures for the analysis of 
carbon and carbon-ceramic refractories. 
The section is continuing work on a hy- 
dration test for basic refractories. The 
section will supply the material for two 
proposed new standard samples of silica 
brick to be issued by the National 
Bureau of Standards. 

Section F on Refractory Insulation 
(W. L. Stafford, chairman) is collecting 
data for a specification for insulating fire 
brick used in furnaces in which atmos- 
pheric reactions are negligible. These 
data will be turned over later to Sub- 
committee VII. 

Section G on Porosity and Permanent 
Volume Change (L. C. Hewitt, chair- 
man) will look into the feasibility of 
preparing a standard test for permeabil- 
ity of refractories to gases, and the 
adoption of a unit therefor. 

Section H on Mortars and Plastic and 
Castable Refractories (G. H. Anthony, 
chairman) is giving further attention to 
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a method for consistency to replace the 
rather crude procedure now contained in 
Methods C 268 and C 269. 

Section J on Carbon Monoxide Dis- 
integration (H. M. Kraner, chairman) in 
cooperation with Subcommittee XII, has 
modified the CO test to cover carbon and 
carbon-ceramic refractories. 

Subcommittee VI on Nomenclature 
(W. S. Debenham, chairman) finds no 
consensus of usage for the term “nine- 
inch series brick” and the tentative defi- 
nition has been withdrawn. The glossary 
prepared by The Refractories Institute 
is being reviewed for revision and addi- 
tion to Standard Definitions C 71. 

Subcommittee VII on Specifications 
(J. D. Sullivan, chairman) has under 
consideration modifications of Specifica- 
tion C 213, which may be offered for 
adoption when a proposed new classifi- — 
cation of castable refractories is accepted. 

Subcommittee VIII, Editorial (R. B. 
Sosman, chairman) is preparing an 
eighth edition of the Manual for publi- 
cation in 1956. 

Subcommittee IX on Classifications 
(A. H. Couch, chairman) is at work on a 
classification of silica brick. A proposed 
classification of castable refractories pre-— 
pared by The Technical Advisory Com- 
mittee of The Refractories Institute is 
recommended for publication as infor- _ 
mation only.’ 

Section A on Pouring Pit Refractories — 
for Steel (J. A. Roslund, chairman) has — 
been reassigned the problem of classify- 
ing ladle brick. Some members of the © 
committee have expressed the belief that 
ladle brick are unclassifiable, indicating — 
that the significant properties of a ladle 
brick are completely unknown, a conclu- 
sion that the committee is not yet ready - 
to accept. 

Subcommittee XI on Special Refrac- 
tories (H. C. Fisher, chairman) cooperat- 
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ing with the Special Refractories Asso- 
ciation and its Standards Subcommittee 
I, has prepared a Classification of Mullite 
Refractories which is now being con- 
sidered by the manufacturers of mullite 
brick. 

Subcommittee XII on Carbon Refrac- 
tories (E. B. Snyder, chairman) finds a 
lack of interest in a test for rate of oxida- 
tion. However, a reheat test is being 
prepared. Data are being assembled on a 
test for permeability to gases. 

Subcommittee XV on Basic Granular 
Refractories (J. J. Hazel, chairman) pre- 
pared definitions and a classification for 
granular dolomitic refractories. The 
definitions as revised by Subcommittee 
VI are set forth previously in the report, 
and the classification is under considera- 
tion by Subcommittee IX. Chemical and 


physical test methods are _ being 
assembled. 
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Special Subcommittee on Lime for 
Silica Brick (L. J. Trostel, chairman) has 
proposed chemical and physical tests for 
the Standard Specification for Quicklime 
and Hydrated Lime for Silica Brick 
Manufacture (C 49 — 42), which is under 
jurisdiction of Committee C-7 on Lime. 

This report has been submitted to 
letter ballot of the committee, which 
consists of 44 members; 44 members re- 
turned their ballot, of whom 43 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 


R. B. SOsMAN, 
Chairman. 
W. R. Kerr, Gab 
Secretary. 
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SUGGESTED CLASSIFICATION OF CASTABLE REFRACTORIES! 


SUBMITTED BY C-8 SUBCOMMITTEE IX? 


AO, 
Scope 


1. This classification pertains to cast- 
able refractories that, when tempered 
with water, will develop structural 
strength by reason of a hydraulic set. 


Note.—This classification does not apply to 
special castable refractories such as the high- 
strength types or gun mixes. 


APPENDIX 


classified on the basis of bulk density of 
dried cast test brick and volume stability 
when fired as specified in Table IT. 


Methods of Testing 


4. The properties enumerated in this 
classification shall be determined in ac- 
cordance with the following methods of 
test: 

in 


Test Requirements 


Classes of Alumina-Silica-Base Castables 


Class 21 | Class 24 | Class 26 | Class 28 | Class 30 


Permanent linear shrinkage not more than 
1.5 per cent when fired for 5 hr at........ 


2000 F | 2300 F 2500 F | 2700 F 


2900 F 


TABLE II.—INSULATING CASTABLE REFRACTORIES. 


Classes of Insulating Castable Refractories 
Test Requirements 
Class 18 Class 20 Class 22 Class 24 
Permanent linear shrinkage not more than 1.5 per 
cent when fired for 6 hr at: ..... 1700 F 1900 F 2100 F 2300 F 
Maximum bulk density (lb per cu ft) after drying 
55 65 75 90 


Classes of Alumina-Silica-Base Castable 
Refractories 


2. The regular alumina-silica-base 
castable refractories are classified on the 
basis of volume stability of cast test 
brick when fired at the temperatures 
specified in Table I. 


Classes of Insulating Castable Refractories 
3. Insulating castable refractories are 


1 This suggested classification has no official 
status in the Society, but is published as in- 
formation only. Comments are solicited. 

2 Submitted by Subcommittee IX on Classi- 
fications, of the ASTM Committee C-8 on 
Refractories. 


(a) Permanent Linear Shrinkage.— 
Method of Test for Permanent Linear 
Change on Firing of Castable Refrac- 
tories (ASTM Designation: C 269).? 

(b) Bulk Density (Weight per Cubic 
Foot).—Methods of Test for Size and 
Bulk Density of Refractory Brick 
(ASTM Designation: C 134)* on test 
brick prepared in accordance with the 
Method of Test for Permanent Linear 
Change on Firing of Castable Refrac- 
tories (ASTM Designation: C 269)? and 
after the 220 to 230 F oven-drying of 
Section 7 of Method C 269. 
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REPORT OF COMMITTEE C-9 


ON 


Committee C-9 on Concrete and 
Concrete Aggregates held two meetings 
during the year: on June 28, 1955, during 
the Annual Meeting of the Society in 
Atlantic City, N. J., and on October 7, 
1955, in Montreal, Quebec, Canada. 

During the year the committee 
adopted a memorial to Mr. Grant J. 
Durant, a member of the committee 
since 1939 who died on October 22, 1955. 
The Sanford E. Thompson Award, 

established by the committee in 1938 
in honor of its first chairman, is made 
for a paper of outstanding merit on 
concrete or concrete aggregates pre- 
sented before the Society. As a result of 
revision in the procedures for considera- 
tion of papers for ASTM awards which 
requires that the papers published dur- 
ing any one year will be reviewed during 
the year following publication for award 
consideration, the papers which, under 
the previous procedures, would have 
been considered for an award this year 
will be considered for a possible award 
to be made at the 1957 Annual Meeting 
and accordingly no award will be made 
this year. 


REVISION OF TENTATIVES 


The committee recommends that the 
following tentatives be revised as indi- 
cated and continued as tentative: 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. 


CONCRETE AND CONCRETE AGGREGATES* 


Cuma 


Tentative Specifications for Concrete 
Aggregates (C 33 —- 55 T):! 


Section 4(c).—Change to read as fol- 
lows: 


(c) Fine aggregate for use in concrete which 
will be subject to frequent wetting, extended 
exposure to humid atmosphere, or contact with 
moist ground shall not contain materials which 
are deleteriously reactive with the alkalies in 
the cement in an amount sufficient to cause 
excessive expansion of mortar or concrete except 
that if such materials are present in injurious 
amounts, the fine aggregate may be used with a 
cement containing less than 0.6 per cent alkalies 
calculated as sodium oxide or with the addition 
of a material that has been shown to prevent 
harmful expansion due to alkali-aggregate 
reaction. 

Note.—A number of methods for detecting 
potential reactivity have been proposed. How- 
ever, they do not provide quantitative informa- 
tion on the degree of reactivity to be expected 
or tolerated in service. Therefore, evaluation of 
potential reactivity of an aggregate should be 
based upon judgment and on the interpretation 
of test data and examination of concrete struc- 
tures containing a combination of fine and coarse 
aggregates and cements for use in the new work. 
Results of the following tests will assist in making 
the evaluation: 

(1) Recommended Practice for Petrographic 
Examination of Aggregates for Concrete (ASTM 
Designation: C 295).—Certain materials are 
known to be reactive with the alkalies in ce- 
ments. These include the following forms of 
silica: opal, chalcedony, tridymite and cristo- 
balite; intermediate to acid (silica-rich) volcanic 
glass such as is likely to occur in rhyolite, 
andesite, or dacite; certain zeolites such as 
heulandite; and certain constituents of some 
phyllites. Determination of the presence and 
quantities of these materials by petrographic 
examination is helpful in evaluating potential 
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alkali reactivity. Some of these materials render 
an aggregate deleteriously reactive when present 
in quantities as little as 1.0 per cent or even less. 
(2) Tentative Method of Test for Potential 
Reactivity of Aggregates (Chemical Method) 
(ASTM Designation: C 289).—In this test, 
where R, signifies reduction in alkalinity and 
S, dissolved silica, both in millimoles per liter, 
the following criteria may be used to evaluate 
potential reactivity: 

(a) If R. exceeds 70, the aggregate is con- 
sidered potentially reactive if S, is 

greater than Rg. 
 (b) If R- is less than 70, the aggregate is 
considered potentially reactive if S, 


is greater than 35 + x ; 


The test can be made quickly and, while not 
completely reliable in all cases, provides helpful 
information, especially where results of the 
more time-consuming tests are not available. 

(3) Tentative Method of Test for Potential 
Alkali Reactivity of Cement-Aggregate Combina- 
tions (ASTM Designation: C 227).—The results 
of this test, when made with a high alkali cement 
furnish information on the likelihood of harmful 
reactions occurring. The alkali content of the 
cement should be substantially above 0.6 per 
cent and preferably above 0.8 per cent, expressed 
as sodium oxide. Combinations of aggregate and 
cement which have produced excessive expan- 
sions in this test usually should be considered 
potentially reactive. While the line of demarca- 
tion between non-reactive and_ reactive 
combinations is not clearly defined, expansion is 
generally considered to be excessive if it exceeds 
0.05 per cent at 3 months or 0.10 per cent at 6 
months. Expansions greater than 0.05 per cent 
at 3 months should not be considered excessive 
where the 6-month expansion remains below 
0.10 per cent. Data for the 3-month tests should 
be considered only when 6-month results are not 
available. 

(4) Tentative Method of Test for Potential 
Volume Change of Cement-Aggregate Combina- 
tions (ASTM Designation: C 342).—Cement- 
aggregate combinations tested by this procedure 
whose expansion equals or exceeds 0.200 per 
cent at an age of one year may be considered 
unsatisfactory for use in concrete exposed to 
wide variations of temperature and degree of 
saturation with water. 


Section 8(b).—Change to read as in- 
dicated for Section 4(c) except that the 
word “fine” should be changed to read 
“coarse” and instead of the note in 
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that indicated on the package. 


dicated to follow Section 4(c), insert 
the following: 


Note.—Methods for evaluating the reactivity 
of aggregates are discussed in the note to 


Section 4(c). 


Tentative Method of Test for Soundness 
of Aggregates by Use of Sodium Sul- 
fate or Magnesium Sulfate (C 88- 
55 T):! 


Section 7(d).—Add the following note: 


Note.—A piece of aggregate is defined as 
any fragment which weighs at least 10 per cent 
of the oven dry weight of the fragment from 
which it broke. 


Tentative Specifications for Lightweight 
Aggregates for Insulating Concrete 
(C 332 -54T):! 


New sections.—Add the following new 
Sections 6 and 7 and renumber the sub- 
sequent sections accordingly: 


Packaging and Marking 


6. When lightweight aggregates covered by 
this specification are delivered in packages, the 
name of the manufacturer, type of aggregate, 
and minimum weight and approximate volume 
of the contents shall be plainly indicated thereon. 
Rejection 

7. (a) The purchaser of materials covered by 
this specification shall have the option of evalu- 
ating these materials for rejection, by either 
minimum weight or approximate volume as 
stated. 

(b) Individual packages may be rejected 
when: 

(1) The contents, on a weight basis, is 5 
per cent less than that indicated on the 
package, or 

(2) The contents, on a volume basis, is 10 
per cent less than that indicated on the package. 

(c) The entire shipment may be rejected: 

(1) On a weight basis when the average con- 
tents of two packages for each 100 but not less 
than 6 packages selected at random, in any one 
shipment, is less than that indicated on the 
package. 

(2) On a volume basis when the average con- 
tents of two packages for each 100 but not less 
than 6 packages selected at random, in any one 
shipment differs by more than 5 per cent from 
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(d) The net weight of the contents shall be 
determined by weighing the package or packages 
and deducting the weight of the container. 

(e) The volume of the contents in the package 
shall be calculated by determining the weight 
of the contents of the package and then ob- 
taining the weight per cu ft of the aggregate; 
from an average weight package of the samples 
selected in Section 7(c) (2); by the procedure 
given in Standard Method of Test for Unit 
Weight of Aggregate (ASTM Designation C 29) 
(Shovelling Method) Sections 7(a) and 7(5) and 
then dividing the weight of the contents of the 
bag by the weight per cu ft of aggregate. 


Tentative Method of Test for Resistance 
of Concrete Specimens to Rapid 
Freeding and Thawing in Water (C 
- 52 T):! 


Section 2(a). — In paragraph (2), 
change the word “Note” to read “‘Note 
1” and add the following Note 2: 


Notre 2.—Each specimen should be sup- 
ported at the bottom of its container in such a 
way that the temperature of the heat-exchanging 
medium will not be transmitted directly through 
the bottom of the container to the full area of 
the bottom of the specimen, thereby subjecting 
it to conditions substantially different from the 
remainder of the specimen. A flat spiral of }-in. 
wire, or a paraffin-treated wood block 3 to in. 
thick placed in the bottom of the container 
has been found adequate for this purpose. 


Section 2.—Delete Paragraph (c) and 
reletter the subsequent paragraphs ac- 
cordingly. 

Section 4.—Add the following Note: 


Note.—This test method contemplates the 
use of specimens not less than 3 in. nor more than 
5 in. in width and depth and not less than 14 in. 
nor more than 16 in. in length. Difficulty may be 
experienced in complying with the requirements 
of the test method if specimens are used which 
differ appreciably from the above dimensions. 


Add the following to the end of this 
section: 


For this test the specimens shall be stored in 
saturated lime water from the time of their re- 
moval from the molds until the time freezing 
and thawing tests are started. All specimens to 
be compared with each other shall be of the same 
initial dimensions. 
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Section 5(b).—Add as the fourth 
sentence: “The specimens shall be re- 
turned to random positions in the ap- 
paratus.” 

Add to the end of this section: “Each 
time a specimen is tested for funda- 
mental frequency a note shall be made 
of its visual appearance and special 
comment made on any defects which 
develop.” 

Section 7(a).—Add the following to 
the end of this section: 


(8) Any defects in each specimen present at 
0 cycles of freezing and thawing. 


Section 7(c).—Add the following to 
the end of this section: 


Any defects in each specimen which are 
present before the start of the test or which de- 
velop during testing, and the number of cycles 
at which such defects were noted. 


Tentative Method of Test for Resistance 
of Concrete Specimens to Rapid 
Freezing in Air and Thawing in 
Water (C 291 - 52 T):! 


Section 2(a). — In Paragraph (2), 
change the word “Note” to read ‘‘Note 
1” and add the following Note 2: 


Note 2.—The supports should be such that 
they are not in contact with the full area of the 
supported side or end of the specimen, thereby 
subjecting this area to conditions substantially 
different from the remainder of the specimen. 
The use of relatively open gratings, metal rods, 
or the edges of metal angles has been found 
adequate for this purpose provided the heat- 
exchanging medium can circulate in the direction 
of the long axis of the rods or angles. 


Section 2.—Delete Paragraph (c) and 
reletter the subsequent paragraphs ac- 
cordingly. 

Section 3—Add a new Paragraph (c) 
to read as follows and reletter the sub- 
sequent paragraphs accordingly: 


(c) The difference between the temperature 
at the center of a specimen and the temperature 
at its surface shall at no time exceed 50 F. 
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In the present Paragraph (d), change 
the first sentence to read: “Conformity 
with requirements of Paragraphs (a), 
(b), and (c) shall be based on... .” 

Section 4.—Change as recommended 
above for Method C 290. 

Section 5(b). — Change as recom- 
mended above for Method C 290. 

Section 7(a). — Change as recom- 
mended above for Method C 290. 

Section 7(c). — Change as recom- 
mended above for Method C 290. 


Tentative Method of Test for Resistance 
of Concrete Specimens to Slow Freez- 
ing and Thawing in Water or Brine 


Section 2(a). — Change as recom- 
mended above for Method C 290. 

Section 2.—Delete Paragraph (c) and 
reletter the subsequent paragraphs ac- 
cordingly. 

Section 4.—Change as recommended 
above for Method C 290. 

Section 5(b). — Change as recom- 
mended above for Method C 290. 

Section 7(a). — Change as recom- 
mended above for Method C 290. 

Section 7(d). — Change as recom- 
mended for Section 7(c) of Method C 
290. 


Tentative Method of Test for Resist- 
ance of Concrete Specimens to Slow 
Freezing in Air and Thawing in Water 
(C 310-53 T):! 

Section 2(a).—Add the following Note 

to the end of Paragraph (2): 


Note.—When specimens are tested without 
containers, the supports should be such that 
they are not in contact with the full area of the 
supported side or end of the specimen, thereby 
subjecting this area to conditions substantially 
different from the remainder of the specimen. 
Similarly when specimens are tested in con- 
tainers they should be supported in such a way 
that the temperature of the heat-exchanging 
medium will not be transmitted directly through 
the bottom of the metal container to the bottom 
of the specimen. The use of relatively open 
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gratings, metal rods, or the edges of metal angles 
have been found adequate for supporting speci- 
mens without containers provided the heat- 
exchanging medium can circulate in the direction 
of the long axis of the rods or angles. A flat 
spiral of }-in. wire or a paraffin-treated wood 
block 4 to § in. thick placed in the bottom of 
the container has been found adequate for sup- 
porting specimens in containers. 


. Section 2.—Delete Paragraph (c) and 
reletter the subsequent paragraphs ac- 
cordingly. 

Section 3—Change as recommended 
above for Method C 291. 

Section 4.—Change as recommended 
above for Method C 290. 


Section 5(b). — Change as recom- 
mended above for Method C 290. 
Section 7(d). — Change as recom- 


mended above for Section 7(c) of 
Method C 290. 


Tentative Method of Test for Bleeding 
of Concrete (C 232-53 T):! 


Section 2(a).—Add the following to 
the end of this section: 


The container shall be made of metal having 
a thickness of No. 10 to No. 12 U. S. gage and 
shall be reinforced around the top with a No. 10 
to No. 12 U. S. gage metal band 1% in. wide. 
The inside shall be smooth and free from corro- 
sion, coatings, or lubricants. 


Section 2(b).—Change to read as fol- 
lows: 


(b) A scale of sufficient capacity to weigh the 
load required with an accuracy of 0.5 per cent. 


Section 3(a).—Change to read as fol- 
lows: 


(a) For concrete made in the laboratory pre- 
pare the concrete as described in Sections 2, 3, 
and 4 of the Standard Method of Making and 
Curing Concrete Compression and Flexure 
Specimens in the Laboratory (ASTM Designa- 
tion C 192). 

For concrete made in the field, sample the 
concrete as described in Standard Method of 
Sampling Fresh Concrete (ASTM Designation 
C 172). 
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a REVERSION TO TENTATIVE 


The committee recommends that the 
following standards be revised as indi- 
cated and reverted to tentative status: 


Standard Method of Test for Compres- 
sive Strength of Molded Concrete 
Cylinders (C 39 — 


Section 2.—Replace the fourth, fifth, 
and sixth sentences with the following: 


The bearing faces shall not depart from a 
plane by more than 0.001 in. in any 6 in. for 
blocks 6 in. in diameter or larger or by more 
than 0.001 in. in the diameter of any smaller 
block; and new blocks shall be manufactured 
within one-half of this tolerance. The maximum 
diameter of the bearing face of the suspended 
spherically seated block shall not exceed the 
values given below: 


of Test 


Maximum Diameter of 
in. 


Face, in. 


The center of the sphere shall coincide with the 
center of the bearing face. If the radius of the 
sphere is smaller than the radius of the bearing 
face, the portion of the bearing face extending 
beyond the sphere shall have a thickness not 
less than the difference in radii. The diameter of 
the bearing face shall be at least as great as the 
diameter of the sphere. The bearing faces shall 
be at least as large and preferably slightly larger 
than the surface of the specimen to which the 
load is applied. When the diameter of the bear- 
ing face exceeds the diameter of the specimen 
by 4 in. or more, concentric circles shall be 
inscribed to facilitate proper centering. 


Standard Method of Test for Organic 
Impurities in Sands for Concrete 
(C 40 

Revise as appended hereto.’ 

Standard Method of Test for Air Con- 


tent of Freshly Mixed Concrete by 
the Pressure Method (C 231 - 54):! 


Section 1—Change the first two sen- 
tences to read as follows: 


2The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 3. 


1. This method of test covers the determina- 
tion of the air content of freshly mixed concrete 
from observations of the change in volume with 
a change in pressure. A detailed procedure em- 
ploying one type of apparatus is described. 
Apparatus of other designs has been developed 
and appropriate procedures have been prepared 
for use with such apparatus. 


Section 2.—Change to read as follows: 


2 (a). All types of apparatus employed in 
determining the air content of freshly mixed 
concrete by the pressure method must, in order 
to provide satisfactory results, incorporate the 
following: 

(1) A measuring bow! of sufficiently rigid 
construction to make a pressure-tight container 
of accurate volume and suitable to hold a repre 
sentative sample of concrete to be tested. 

(2) A cover designed to be attached to the 
measuring bowl so as to make an adequately 
rigid, pressure tight assembly. 

(3) Facilities for applying a known pressure 
to the system and observing its effect on the 
volume of the sample. 

(4) Appropriate tools for placing and con- 
solidating the sample and using the apparatus. 

(6) One satisfactory set of apparatus is de- 
scribed below: 

(1) Measuring Bowl.—The measuring bowl 
shall be a flanged cylindrical bowl, preferably of 
steel or other hard metal not readily attacked 
by the cement paste, having a diameter equal to 
0.75 to 1.25 times the height. The outer rim and 
upper surface of the flange, as well as the interior 
surfaces of the bowl, shall be smooth machined 
surfaces. The capacity of the measuring bow] 
shall be at least as large as is specified in the 
following table (Note 1), depending on the size 
of the aggregate in the concrete: 


Minimum Capacity Nominal Maximum 


of Measuring Bowl, Size of Aggregate, 
cu ft in. 
0.20 2 
0.40 3 
2.50 6 


The measuring bow] and cover assembly shall be 
pressure tight and sufficiently rigid to limit the 
expansion factor, D, of the apparatus assembly 
(Section 4(d)) to not more than 0.1 per cent of 
air content on the standpipe indicator scale 
when under the normal operating pressure. 
Norte 1.—Larger containers should be used 
for larger samples of concrete in order to reduce 
errors of sampling. 
(2) Conical Cover Assembly.—The cover 
shall be flanged, preferably composed of steel or 
other hard metal not readily attacked by the 
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cement paste and shall have interior surfaces 
inclined not less than 30 degrees from the surface 
of the flange. The outer rim and lower surface of 
the flange and the sloping interior shall be such 
that the cover and the measuring bowl can be 
fitted together into a pressure tight assembly. 
The cover shall be sufficiently rigid to limit the 
expansion factor of the apparatus assembly as 
prescribed in Paragraph (0) (J). 

The cover shall be fitted with a standpipe 
which may be a graduated precision-bore glass 
tube or may be metal of uniform bore with a 
glass water gage attached. The graduations for a 
suitable range in air content shall be in per cent 
and tenths of a per cent as determined by the 
proper air pressure calibration test. The internal 
diameter of the standpipe shall be selected so 
that under the normal operating pressure the 
water column will be lowered sufficiently to meas- 
ure air contents to 0.1 per cent (Note 2). The 
applied air pressure shall be indicated by a pres- 
sure gage connected to the air chamber above the 
water column. The gage shall have suitable 
graduations and a full scale reading twice the 
normal working pressure (Note 3). 

The cover shall be fitted with a suitable 
device for venting of the air chamber, an air 
valve, and a petcock for bleeding off water as re- 
quired. Suitable means for clamping the cover to 
the bow! shal] be provided to make a pressure- 
tight seal without entrapping air at the joint 
between the flanges of the cover and bowl. A 
suitable hand pump shall be provided with the 
cover, either as an attachment or as an accessory. 

Note 2.—It is suggested that approximately 
a 1-in. lowering of the water column should 
represent 1 per cent of air content. 

Norte 3.—Pressures of 7.5 to 30 psi have been 
used satisfactorily. However, each container 
shall be calibrated for a stated normal working 
pressure. 

(3) Calibration Cylinder—The calibration 
cylinder shall consist of a cylindrical measure 
having an internal volume equal to approxi- 
mately 3 to 6 per cent of the volume of the 
measuring bowl. A satisfactory measure may be 
machined from No. 16 gage brass tubing (of 
proper diameter to provide the volume desired) 
to which a brass disk } in. in thickness is soldered 
to form an end. 

(4) A Coil Spring or other means shall be 
provided for holding the calibration cylinder in 
place. 

(5) A Tube of appropriate diameter shall be 
provided either as an integral part of the cover 
assembly or separately so constructed that when 
water is added to the container, there will be a 
minimum of disturbance to the concrete. 
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(6) A Trowel of the standard brick mason’s 
type shall be provided. 

(7) Tamping Rod.—A round, straight, steel 
rod § in. in diameter and approximately 24 in. 
in length having one end rounded to a hemi- 
spherical tip whose diameter is § in. 

(8) A Mallet with a rubber or rawhide 
head, weighing } Ib for containers smaller than 
0.50 cu ft capacity and 1 lb or more for larger 
containers, shall be provided. 

(9) A Strike-Off Bar consisting of a flat 
straight steel bar shall be provided. 

(10) A Funnel with spout fitting into the 
tube described in Paragraph (5) shall be pro- 
vided. 

(11) A Measure having a }- or 1-gal 
capacity, as required, shall be provided to fill 
the indicator with water from the top of the 
concrete to the zero mark. 


Section 3.—Add a new Section 3 on 
Procedure as follows and renumber the 
present Section 3 and subsequent sec- 
tions: 


3. The procedures set forth in Sections 4, 5, 
6, and 7 for calibration of the apparatus, determi- 
nation of aggregate correction factor, determi- 
nation of air content of concrete, and calculation 
of results apply specifically to the use of the 
apparatus described in Section 2(b). When ap- 
paratus of alternative design is employed, pro- 
cedures appropriate to its use shall be followed. 
The intent of the procedures outlined below will 
serve as a guide to development of similar pro- 
cedures for use with other types of equipment. 


Present Section 3—First sentence— 
Delete “under job conditions.” 


ADOPTION OF TENTATIVES AS 
STANDARD WiTHOUT REVISION 


The committee recommends that the 
following tentatives which have stood 
without revision for two or more years, 
be approved for reference to letter ballot 
of the Society for adoption as standard 
without revision: 


Tentative Descriptive Nomenclature of Con- 
stituents of Natural Mineral Aggregates 
(C 204 54 T),! and 

Tentative Specifications for Liquid Membrane- 
Forming Compounds for Curing Concrete 
(C 309 53 T). 
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ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that 
the tentative revisions of the following 
standards be approved for reference to 
letter ballot of the Society for adoption as 
standard: 


Standard Definitions of Terms Relating to Con- 
crete and Concrete Aggregates (C 125 — 48),! 
(Tentative Revisions issued June, 1954). 

Standard Specifications tor Waterproof Paper 

for Curing Concrete (C 171 - 53).! 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives, which have stood 
without revision for two or more years 
be continued as tentative: 


Tentative Methods of Test for: 


Potential Reactivity of Aggregates (Chemical 
Method) (C 289 - 54T), 

Volume Change of Cement Mortar and Concrete 
(C 157 -54T), 

Volume Change of 
(C 341-54T), 

Lightweight Pieces in Aggregate (C 123 - 53 T), 


Concrete Products 


2 * The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


REpoRT OF CoMMITTEE C-9 


Tentative Methods of: 


Sampling and Testing Fly Ash for Use as an 
Admixture in Portland-Cement Concrete 
(C 311 -54T), 


Tentative Specifications for: 


Fly Ash for Use as an Admixture in Portland- 
Cement Concrete (C 350 - 54 T), 

Lightweight Aggregates for Structural Concrete 
(C 330 - 53 T), and 

Lightweight Aggregates for Concrete Masonry 
Units (C 331 - 53 T). 


The recommendations in this report 
have been submitted to letter ballot 
of the committee, the results of which 
will be reported at the Annual Meeting.‘ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 127 active members com- 
manding 98 votes, plus 6 honorary mem- 
bers having voting privileges; 124 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W. H. Price, 
Chairman. 
BRYANT MATHER, 
Secretary. w 


EpitorR1AL NOTE 


7 = Subsequent to the Annual Meeting, Committee C-9 presented to the Society through 
~ the Administrative Committee on Standards the recommendation that the proposed 
2s Specifications for Packaged, Dry, Combined Materials for Mortar and Concrete be 
» accepted for publication as tentative. This recommendation was accepted by the 
* Standards Committee on September 5, 1956, and the new tentative specifications appear 


in the 1956 Supplement to Book of ASTM eo Part 3, bearing the designation 
C387-S6T. | 
1 
1. * 
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Committee C-11 on Gypsum held two 
meetings during the year: in Atlantic 
City, N. J., on June 28, 1955, and in 
Buffalo, N. Y., on February 28 and 29, 
1956. 

The committee consists of 32 members, 
of whom 13 are classified as producers, 
9 as consumers, and 10 as general in- 
terest members. 

The officers and members-at-large on 
the Executive Committee elected for 
the ensuing term of two years are > as fol- 
lows: 

Chairman, G. W. Josephson, _ 

Vice-Chairman, B. W. Nie. 

Secretary, O. H. Storey, Jr. 

Executive Committee Members-at- 
Large: Theodore Irving Coe, Frank L. 
Marsh, Stanton Walker, and J. Stanley 
Young. 


vit 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee C-11 presented to the 
Society through the Administrative Com- 
mittee on Standards the following recom- 
mendations: 

Tentative Specification for: 
Precast Reinforced Gypsum Slabs (C 377 - 

56 T). 

Tentative Revision of Standard Methods of Testing: 
Gypsum and Gypsum Products (C 26 - 54). 

These recommendations were accepted 

by the Standards Committee on Janu- 


ary 27, 1956, and Specification C 377 
is available as a separate reprint. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


New TENTATIVE 


The committee recommends that the 
Specifications for Annular Ringed Nails 
for Gypsum Wallboard be accepted for 
publication as tentative as appended 


aye 


REvISIONS OF STANDARD, 


TvepraTe Apoption 
Atk 


The committee recommends for im- 
mediate adoption the following revisions 
of the Standard Methods of Testing 
Gypsum and Gypsum Products 
(C 26 — 54)? and accordingly requests 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that the revisions may be referred to 
letter ballot of the Society: 


Section 18(c).—Chan e to Tread as 
(c) Standard sand shall be used exclusively 
and shall consist of a natural silica sand from 
Ottawa, Ill., graded to pass a No. 20 (840- 
micron) sieve and to be retained on a No. 30 
(590-micron) sieve. This sand shall be considered 
standard when not more than 15 g are retained 
on the No. 20 sieve and not more than 5 g pass 
the No. 30 sieve after 5 min of continuous 
sieving of a 100-g sample. 


Section 19.—Change the center head- 
ing immediately preceding Section 19 
to read “Normal Consistency of Gypsum 
Plaster.” 

Change the note immediately follow- 
ing the center heading to read: 


1The new tentative appears in the 1956 
Supplement to Book of ASTM Standards, Part 


3. 
21955 Book of ASTM Standards, Part 3. 
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Nore.—Since accuracy in determining nor- 
mal consistency is most important in the stand- 
ardizing of physical methods for testing 
cementitious materials, it is essential that this 
test be performed with great care. 


Redesignate Paragraph (d) as new 
Section 21, renumbering the subsequent 
sections accordingly, and deleting ‘“‘con- 
sistometer.”’ The reference letters A, B, 
and C to Fig. 1 should also be deleted 
from this revised section. 

Section 20.—Change the subheading 
immediately preceding Section 20 to 
“Apparatus” by deleting ‘Procedure for 
Gypsum Plaster.” In line 3 of Paragraph 
(a), change the word “Vaseline” to read 
“petroleum jelly.” 

Add the following as Paragraphs (c) 
and (d), these paragraphs being modifica- 
tions of the present Sections 22 (a) and 
(d): 


(c) Calcined gypsum shall be considered of 
normal consistency when a penetration of 30 
+ 2 mm is obtained when tested in accordance 
with Section 20, weight of rod and plunger for 
this determination to be 50 g. Normal con- 
sistency shall be expressed as the number of 
milliliters of water required to be added to 100 g 
of the gypsum. 

(d) All gypsum mixtures containing aggregates 
shall be considered of normal testing consistency 
when a penetration of 20 + 3 mm is obtained 
when tested in accordance with Section 20, 
weight of rod and plunger for these determina- 
tions to be 150 g. Normal consistency shall be 
expressed as the number of milliliters of water 
required to be added to 100 g of the mixture. 


At the end of Section 20 add: 


Note.—Gypsum neat plaster is tested for 
compressive strength (Section 28 (a)) at a 
normal consistency determined after the plaster 
is first mixed with standard sand in the ratio of 
200 g of sand to 100 g of plaster. 


Section 21.—Insert a center heading 
preceding Section 21 to read: ‘Normal 
Consistency of Gypsum Concrete.” 

Change the subheading immediately 
preceding Section 21 by deleting “for 
Gypsum Concrete” and redesignate as 
Section 22. 


Report or Commitree C-1i1 


Add the following as Paragraph (d), 
this Paragraph being a modification of 
the present Section 22(c): 


(d) Gypsum concrete shall be considered of 
normal consistency when a patty diameter of 
15 + 3 in. is obtained when tested in accordance 
with Section 21. Normal consistency shall be 
expressed as the number of milliliters of water 
required to be added to 100 g of the gypsum 
concrete. 


Delete the note at the end of Section 
21. 

Change the first sentence of Paragraph 
21(b) to read: ‘Sift 2000 g of the sample 
into a known volume of water to which 
0.5 g commercial retarder has previously 
been added.” 

Section 22.—Delete Section 22, “‘Nor- 
mal! Consistency,” which is replaced by 
the above revisions. 

Seciion 23.—Delete Section 23, “Water 
Carrying Capacity” in its entirety, and 
renumber the subsequent sections ac- 
cordingly. 

Section 25(a).—Delete Calcined 
Gypsum Products” from the heading 
and substitute “Gypsum Concrete and 
All Gypsum Plasters.” 

Change the first two sentences to 
read: “Mix 200 g of the sample (Note) 
to make a paste of normal consistency. 
For the quantity of water and directions 
for mixing, see Sections 19 to 22, except 
that no retarder shall be added.” 

Delete the sixth sentence: “If the 
sample is not retarded, test it every 
2 min until nearly set, and then every 1 
min.” Change the next sentence to read: 
“Test the sample at such intervals as are 
necessary to determine whether it com- 
plies with the requirements for time of 
setting for the product tested.” 

Section 25(b).—Change the first two 
sentences to read as follows: 


(b) Gypsum Neat Plaster.—Test gypsum neat 
plaster for time of setting as mixed with 3 parts 
by weight of standard sand that has been washed 
and dried in accordance with the procedure de- 
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scribed in Section 18(c). Mix dry a 100-g sample 
of the gypsum neat plaster and 300 g of the 
standard sand and then add sufficient water to 
produce a stiff yet workable mortar. Stir for i 
min to an even, lump-free consistency. 


Section 26.—Add the following note 
at the end of this section: 


Note.—For compressive strength of gypsum 
concrete only, 2 by 4-in. cylinder molds may be 
used instead of cube molds if desired. Prepare 
the specimens as described in Section 27, except 
that the paste shall be struck off to a smooth 
surface flush with the tops of the molds immedi- 
ately after the molds are filled. Test the speci- 
mens and report the results as described for cube 
specimens in Sections 28 and 29. 


Section 27(a).—Change this paragraph 
to read: 


(a) Mix sufficient sample at normal con- 
sistency to produce not less than 1000 ml of 
mixed mortar and cast into six 2-in. split cube 
molds. Neat gypsum plaster shall be premixed 
dry with two parts by weight of standard sand 
(Section 18(c)). For the quantity of water, see 
Sections 19 to 22 except that no retarder shall 
be added. Place the required amount of water 
in a clean 2-qt mixing bowl. For all gypsum 
plasters except gypsum concrete, add the re- 
quired amount of dry plaster and allow to soak 
for 2 min. Mix vigorously for 1 min with a metal 
spoon or stiff-bladed spatula to produce a mor- 
tar of uniform consistency. For gypsum concrete, 
soak for 1 min and stir vigorously for 3 min. 


Section 27(b).—Insert before the first 
sentence ‘‘(b) The molds shall be coated 
with a thin film of mineral oil and placed 
on an oiled glass or metal] plate.”’ Insert 
after the present second sentence, “Cut 
off the excess mortar or paste to a plane 
surface flush with the top of the mold 
after the mortar has set, using a broad 
knife or similar implement.” 


Section 28.—Add the following: 


Position the cubes in the testing machine so 
that the load is applied on surfaces formed by 
faces of the molds, not on top and bottom. Apply 
the load continuously and without shock, at a 
constant rate within the range 15 to 40 psi per 
sec. During application of the first half of the 
maximum load a higher rate of loading is 
permitted. 
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New Sections.—Add the following new 
Sections 41 and 42, renumbering the 
present and subsequent sections ac- 
cordingly: 


WEIGHT AND THICKNESS OF PAPER SURFACING 
or Gypsum Boarps 


41. Test Specimens. Cut a specimen approxi- 
mately 7 in. square from the field of each of 
three sample boards. Place specimens on edge in 
an oven maintained at 250 to 300 F for not Jess 
than 4 hr and as much longer as may be required 
for the gypsum core to be softened by calcina- 
tion. Then separate the face and back papers 
from the core by careful slitting, sawing, or 
peeling. Avoid tearing, splitting, or gouging of 
the paper. Remove adhering core material by 
brushing with a medium stiff brush. If desired, 
removal of core material can be facilitated by 
washing in a stream of water while brushing. 
Continue cleaning until paper is essentially free 
from adhering gypsum. If specimens have been 
washed, next dry them to constant weight at 100 
to 110 F. Whether washed or not washed, then 
accurately trim them to 6 in. square. Then bring 
the specimens to normal weight by exposing 
them overnight to conditions of 60 to 85 F, 25 to 
60 per cent relative humidity. 

42. Procedure—(a) Weigh the three specimens 
of face paper together, to 0.1 g and multiply 
their combined total weight in grams by 2.94 
to obtain the weight in lb per 1000 sq ft. Simi- 
larly determine the weight of the back paper. 

(b) Using a self-reading micrometer gage (see 
Section 44), measure and record the thickness 
of each specimen at three locations at least 4 in. 
apart. Average all the readings on the face paper 
specimens to obtain the thickness of the face 


paper. Average all the readings on the back © 


paper specimens to obtain the thickness of the 
back paper. 


TENTATIVE CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Specifications for Inorganic 
Aggregates for Use in Interior Plaster 
(C 35-54 T) be continued as tentative 
without revision. 


The recommendations in this report 
have been submitted to letter ballot of 
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218 REPORT. OF 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 32 members; 24 members re- 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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COMMITTEE C-11 


turned their ballots, of whom 23 have 
voted affirmatively and 0 negatively. 
Respectfully submitted on behalf of 
the committee, 
G. W. JOSEPHSON, 


Chairman. 
O. H. STOREY, Jr., 
Secretary. ve ¥ 
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Committee C-12 on Mortars for Unit 
Masonry held two meetings during the 
year: on June 30, 1955, in Atlantic City, 
N. J., and on February 29, 1956, in 
Buffalo, N. Y. 

The committee consists of 40 mem- 
bers, of whom 17 are classified as pro- 
ducers, 11 as consumers, and 12 as 
general interest members. 

The committee records with regret 
the death of F. O. Anderegg, Chairman 
of Subcommittee II on Research. 

The Officers elected for the ensuing 
two-year term are as follows: 

Chairman, R. E. Copeland. 

First Vice-Chairman, Harry C. Plum- 
mer. 

Second Vice-Chairman, P. M. Wood- 
worth. 

Secretary, C. U. Pierson, Jr. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Pending formal action on changes 
now under consideration, the committee 
recommends that the following three 
tentatives be continued without revision: 


Tentative Specifications for: 


Aggregate for Masonry Mortar (C 144-54T), 

Mortar for Reinforced Brick Masonry (C 161 - 
44 T), and 

Mortar for Unit Masonry (C 270 - 54 T). 


The recommendations in this report 
have been submitted to letter ballot of 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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REPORT OF COMMITTEE C-12 
ON 
MORTARS FOR UNIT MASONRY* 


the committee, the results of which will 
be reported at the Annual Meeting." 


SUBCOMMITTEE ACTIVITIES 


Subcommittee III on Specifications 
and Methods of Test for Mortar (H. C. 
Plummer, chairman) is working actively 
on revisions of Specifications C 161 - 
44 T and C 270-54 T. 

Subcommittee IV on Specifications for 
Aggregates for Mortar (Stanton Walker, 
chairman) is working on the evaluation 
of sands on a performance basis. Pend- 
ing the results of these studies, it has 
been recommended that Specifications 
C 144-54 T be continued as tentative. 

Working Subcommittee on Effiores- 
cence (P. L. Rogers, chairman).—A set 
of three cements has been sent to co- 
operating laboratories for study of the 
effect of proposed modifications in the 
wick test for efflorescence on the re- 
producibility of results between labora- 
tories. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 41 members; 32 returned their 
ballots, all of whom have voted affirma- 
tively. 


Respectfully submitted on behalf of 
the committee, 
R. E. COPELAND, 
Chairman. 


J. A. Murray, 
Secretary. 


1 The letter ballot vote on these recommen- 
dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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REPORT OF COMMITTEE C-13 


CONCRETE PIPE* 


Committeee C-13 on Concrete Pipe 
held one meeting during the year: in 
Chicago, Ill. on November 7 and 8, 
1955. 

The present membership of the com- 
mittee consists of 42 members, of whom 
20 are classified as producers, 15 as con- 
sumers, and 7 as_ general interest 
members. 

The committee was reorganized at its 
November meeting to provide for an 
Advisory Committee and for standing 
subcommittees on each of the specifica- 
tions under its jurisdiction. The Ad- 
visory Committee consists of the three 
officers and three members-at-large 
elected by the membership. The stand- 
ing subcommittees are as follows: 

Subcommittee I on Non-Reinforced 
Sewer Pipe (Specification: C14) (Carl 
A. Bluedorn, chairman). 

Subcommittee II on Reinforced Sewer 
and Culvert Pipe (Specifications: C75 
and C76) (C. M. Adams, chairman). 

Subcommittee III on Irrigation and 
_ Drain Pipe (Specifications: C4 and C118) 
(P. W. Manson, chairman). 

_ Subcommittee IV on Low-Head Pres- 
sure Pipe (Specification: C361) Howard 
G. Curtis, chairman). 

Subcommittee V on Low-Head In- 

- Pressure Sewer Pipe (Specifica- 


tion: C362) (J. A. Dunn, chairman). 

The Absorption Test Subcommittee 
was retained with J. W. Johnson ap- 
pointed as chairman. 

The officers and members-at-large of 
the Advisory Committee elected for 
the ensuing term of two years are as 
follows: 

Chairman, R. R. Litehiser. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


Vice-Chairman, E. F. Bespalow. — 

Secretary, Howard F. Peckworth. 

Advisory Committee: Members-At- 
Large, J. A. Dunn, Merrill Butler and 
James W. Johnson. 

In January, 1956 the Board of Direc- 
tors took action to transfer jurisdiction 
for concrete drain tile from Committee 
C-15 on Manufactured Masonry Units 
to Committee C-13, leaving with 
Committee C-15 jurisdiction for clay 
drain tile. The Board requested Com- 
mittees C-13 and C-15 to recommend 
effective means of coordination. 


ADOPTION OF ‘TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
tentative revisions relating to Sections 3, 
9, 18, and 19 of the Standard Specifica- 
tions for Concrete Sewer Pipe (C 14 - 55)! 
be approved for reference to letter ballot 
of the Society for adoption as standard 
with the following modification of the 
revision of Section 3: 

Add the following footnote, with the 
reference to the footnote appearing after 
the word “permeability tests:” 


Prior to purchase, the purchaser may specify 
the hydrostatic test prescribed in Specification 
C 14-55 in lieu of the permeability test. 


REVISIONS OF STANDARDS, = 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revision of the follow- 
ing standards and accordingly asks for 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order 
that these revisions may be referred to 
letter ballot of the Society: 


11955 Book of ASTM Standards, Part 3. 


220 


-9 
‘ 
t 
~ 
. 
3 
1 
fel 4 
j 


Standard Specifications for Concrete 
Sewer Pipe (C 14-55):! 


Section 17(b)—Change to read as 
follows: 


(6) Drying Specimens.—Specimens shall be 
dried in a ventilated oven at a temperature of 
105 to 115 C (221 to 239 F) until two succes- 
sive weighings at intervals of not less than 2 
hours show an increment of loss not greater than 
0.1 per cent of the original weight of the speci- 
men. 


Section 29(i)—Change to read as 
follows: 


(4) The complete absence of distinct web- 
like markings from the external surface of pipe 
made by any process in which the forms are 
removed immediately after the concrete has 
been placed, which is indicative of a deficiency 
of water in the concrete mix, unless all specimens 
submitted for test which do not have such web- 
like markings shall have passed the physical 
tests herein required. 


Standard Specifications for Reinforced 
Concrete Sewer Pipe (C75-55):! 


Section 28(b).—Change to read as 
recommended above for Section 17(d) 
of Standard Specification Ci4. 

Section 31(b)—Change to read as 
follows: 


(b) Variations of the position of the reinforce- 
ment shall not exceed one-tenth of the wall 
thickness but in no case shall the allowable 
variation be less than 14-in. nor more than 5-in. 
from the position provided in the design; but 
the cover on the reinforcement shall be not less 
than 34-in. at any point. 


Section 36(f).—Change to read as 


recommended above for Section 29(i) 
of Standard Specification C14. 


Standard Specifications for Reinforced 
Concrete Culvert Pipe (C'76-55):! 


Section 30 (b).—Change to read as 
recommended above for Section 17(d) 
of Standard Specification C14. 

Section 33(b)—Change to read as 
recommended above for Section 31() 
of Standard Specifications C75. 


recommended above for Section 29(i) 
of Standard Specification C14. 


Standard Specifications for Concrete 
Irrigation and Drainage Pipe 
(C 118 -55):! 


Section 15(b)—Change to read as 
recommended above for Section 17(d) 
of Standard Specification C14. 

Section 19(c)—Change to read as 
recommended above for Section 29(z) 
of Standard Specification C14. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


SUBCOMMITTEE ACTIVITIES 


A great number of recommendations 
were made to the committee at its 
meeting in November 1955. The majority 
of these were turned over. to the five 
subcommittees on standard specifications 
or the Absorption Test Subcommittee 
for study and recommendation at the 
next meeting of the committee. 

The Task Group on Specifications 
for Low-Head Concrete Pressure Pipe 
was discharged being replaced by Sub- 
committees IV on Low-Head Pressure 
Pipe and V on Low-Head Internal 
Pressure Sewer Pipe. 

This report has been submitted to 
letter ballot of the committee which 
consists of 42 members; 29 members have 
returned their ballots, of whom 26 have 
voted affirmatively and 2 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. R. LITEHISER, 
Chairman. 
Howarp F. PEcCKworRTH, 
Secretary. 2. . 


2 The letter ballot. vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 
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_ Committee C-14 on Glass and Glass 
Products held two meetings during the 
year: on September 16, 1955, in Bedford 
Springs, Pa., and on April 25, 1956, in 
New York, N. Y. : 
During the year there were 7 resigna- 
tions from the committee, and 9 new 
members were added. Mr. Paul A. Web- 
ster, Emhart Corp., was lost to the com- 
mittee by death during the year. The 
committee, as of April 25, consisted of 47 
voting members, of whom 15 were classi- 
fied as producers, 17 as consumers, and 
15 as general interest members. There 
were 20 nonvoting members, and 10 con- 
sultants. 
The officers elected for the ensuing 
term of two years are as follows: 
Chairman, L. G. Ghering. 
Vice-Chairman, Harold Simpson. 
Secretary, F. V. Tooley. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE _ 
ON STANDARDS 


Subsequent to the 1955 Annual] Meet- 
ing, Committee C-14 presented to the 
Society through the Administrative 

Committee on Standards a tentative 
revision of che Standard Methods of 
Chemical Analysis of Glass Sand 
(C 146-43). The recommendation, which 
was accepted by the Standards Com- 
mittee, on January 27, 1956, consisted 
of the addition of photometric methods 
of analysis, and they will be published 

under the designation C 146 — 56 T. 


_ * Presented at the Fifty-ninth Annual Meet- 
€ ing of the Society, June 17-22, 1956. 


REPORT OF COMMITTEE C-14 
ON 
GLASS AND GLASS PRODUCTS* - 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
following two tentatives be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision: 


Tentative Methods of: 

Sampling Glass 
and 

Tentative Methods of Testing Structural 
Non-Load-Bearing Cellular Glass Blocks 
(C 240 - 54 T).! 

ADOPTION OF TENTATIVE REVISIONS 

AS STANDARDS 


The committee recommends that the 
tentative revisions of the Standard 
Definitions of Terms Relating to Glass 
and Glass Products (C 162 - 52)’ be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard. 

The tentative revisions consist of new 
definitions for “annealing range” and 
“strain point,” and the revision of defini- 
tions for ‘annealing point” and “soften- 
ing point.” These tentative revisions 
were issued December 22, 1954. 


Containers (C 224-53 T),! 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives, which have stood 
without revision for two or more years, 
be retained as tentative: 


Tentative Method of Test for: 

Annealing Point and Strain Point of Glass 
(C 336 —- 54 T), 

Average Linear Expansion of Glass (C 337 - 
54 T), and 

Softening Point of Glass (C 338 - 54 T). 
+1955 Book of ASTM Standards, Part 3. 
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The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


SUBCOMMITTEE ACTIVITIES 


Subcommitice I on Nomenclature and 
Definitions (H. H. Holscher, chairman) 
reviewed the tentative revisions of 
Definitions C 162 — 52 referred to earlier 
in the report for adoption as standard. 

Subcommittee II on Chemical Analysis 
(F. W. Glaze, chairman) prepared the 
tentative revision of the Methods of 
Chemical Analysis of Glass Sand 
(C 146 - 43) which was accepted through 
the Administrative Committee on Stand- 
ards as noted earlier in the report. 
Round-robin tests have been planned 
for the purpose of refining the routine 
procedures in the Standard Methods of 
Chemical Analysis of Soda-Lime Glass 
(C 169 - 53). 

Subcommittee VI on Glass Construc- 
tion Block and Tile (A. H. Baker, chair- 
man) recommended the adoption as 
standard without change of the Tenta- 
tive Methods of Sampling and Testing 


2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Structural Non-Load-Bearing Cellular 
Glass Blocks (C 240 - 54 T) as noted 
earlier in the report. 

Subcommitiee VII on Glass Containers 
(R. F. Scott, chairman) is rewriting the 
Standard Methods of Polariscopic Exam- 
ination of Glass Containers (C 148 — 50) 
to include two alternate methods; one 
being the present method involving the 
use of glass disks and the other being a 
new method using polarimeter apparatus. 
Seven laboratories are cooperating in 
round-robin tésts and their recommenda- 
tion is expected at the fall meeting of 
the committee. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 47 voting members; 22 mem- 
bers returned their ballots, of whom 21 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


L. G. GHERING, 


Chairman. 
F. V. Tooley, 
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REPORT OF COMMITTEE C-15 | 
ON 
MANUFACTURED MASONRY UNITS* 


4 
Committee C-15 held two meetings 
during the year: on July 1, 1955, in 
Atlantic City, N. J., in conjunction with 
the Annual Meeting of the Society, and 
on March 1, 1956, in Buffalo, N. Y., 
during ASTM Committee Week. 

The committee consists of 74 members 
of whom 36 are classified as producers, 
17 as consumers, and 21 as general 
interest members. 

On January 16, 1956, the Board of 
Directors of the Society transferred 
jurisdiction for concrete drain tile from 
Committee C-15 to Committee C-13 on 
Concrete Pipe. Subcommittee X of 
Committee C-15 will now be responsible 
for only clay drain tile. 

The election of officers for the ensuing 
term of two years resulted in the select- 
ion of the following: 

Chairman, J. W. Whittemore. 

First Vice-Chairman, Theodore I. Coe. 

Second Vice-Chairman, F. M. Wood- 
worth. 
Secretary, M. H. Allen. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


_ Subsequent to the 1955 Annual Meet- 
ing, the Committee presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Revision of Standard: 

Specification for Building Brick (C 62 - 50), 

Specification for Facing Brick (C 216 — 50), and 

Methods of Sampling and Testing Brick 
(C 67 - 50). 


Revision of Tentative: 


Specification for Ceramic Glazed Structural 
Clay Facing Tile, Facing Brick, and Solid 
Masonry Units (C 126 - 52 T). 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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These recommendations were accepted 
by the Standards Committee on Septem- 
ber 15, 1955 and the tentative revisions 
and revised tentative appear in the 1955 
Book of ASTM Standards, Part 3. 


ADOPTION OF ‘TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revision of Section 7 of Stand- 
ard Methods of Sampling and Testing 
Concrete Masonry Units (C 140-55)! be 
approved for reference to letter ballot of 
the Society for adoption as standard. 

This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Clay Brick and 
Structural Clay Tile (J. A. Lee, chair- 
man).—Tentative revisions of the Stand- 
ard Specifications for Building Brick 

ie 62-50), Facing Brick (C 216-50), 

-and of Standard Methods of Sampling 
and Testing Brick (C 67 - 50), accepted 
during the year by the Administrative 
Committee on Standards, were prepared 
by the subcommittee. The subcommittee 
is continuing its study of the use of 
sulfur for capping compression test 
specimens of clay brick and structural 
clay tile, with a view to recommending 
sulfur capping as an alternate method of 
capping in Standard Methods of Sam- 
pling and Testing Brick (C 67 — 50) and 
Standard Methods of Sampling and 
Testing Structural Clay Tile (C 112- 
52). 

Subcommittee III on Concrete and 

11955 Book of ASTM Standards, Part 3. 

? The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Sand Lime Units (R. E. Copeland, chair- 
man) has recommended that the tenta- 
tive revision of Section 7, Capping 
Compressive Test Specimens, of Stand- 
ard Methods of Sampling and Testing 
Concrete Masonry Units (C 140-55) 
be adopted as standard after having re- 
mained tentative for two years. A study 
committee was appointed to review the 
need for developing a method of testing 
concrete masonry units for frost re- 
sistance. The subcommittee is develop- 
ing a standard method for determining 
moisture content of concrete masonry 
units by the relative humidity technique 
and expects to present definite recom- 
mendations in the near future. Another 
study committee has recommended the 
preparation of a new specification for a 
class of concrete masonry units having 
low shrinkage and moisture volume 
change properties. The subcommittee is 
currently studying possible methods for 
determining shrinkage so that shrinkage 
limits distinguishing low shrinkage from 
normal shrinkage can be established. 
Subcommittee V on Waterproofing 
Materials for Unit Masonry Walls, (C. C. 
Connor, chairman) has been studying 
methods for determining the effective- 
ness and durability of moisture proof 
coatings. Terminology related to water- 
proofing materials is also being studied. 
Subcommittee VI on Glazed Brick and 
Tile, (E. F. Wanner, chairman) prepared 


On MANUFACTURED MASONARY UNITS 225 


the revisions to Tentative Specification 
for Ceramic Glazed Structura] Clay 
Facing Tile, Facing Brick and Solid 
Masonry Units (C 126 - 52 T), accepted 
during the year by the Administrative 
Committee on Standards. 

Subcommittee 1X on Chemical Resistant 
Units, (V. W. Weidman, chairman) is 
working on specifications for Industrial 
Floor Brick, which it expects to com- 
plete by the time of the 1957 Committee 
Week, and for Ceramic Tower Packings, 
which probably will not be ready for 
action until 1958. 

Subcommittee X on Drain Tile (J. G. 
Sutton, chairman) is being reorganized 
in light of the action of the ASTM Board 
of Directors in removing concrete drain 
tile from its jurisdiction. The future 
work of this subcommittee will be limited 
to clay drain tile. 


This report has been submitted to 
letter ballot of the committee which 
consists of 74 members; 57 members 
have returned their ballots, of whom 56 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
J. W. WHITTEMORE, 
Chairman. 
M. H. ALLEN, 
Secretary. 


Note 


Subsequent to the Annual] Meeting, Committee C-15 presented tothe Society through 
the Administrative Committee on Standards the following recommendations: 


Tentative Revision of Standard Specifications for: 


Building Brick (Solid Masonry Units Made from Clay or Shale) (C 62 — 50), 


Hollow Load-Bearing Concrete (C 90 — 52), 


Hollow Non-Load-Bearing Concrete Masonry Units (C 129 — 52), and 
Solid Load-Bearing Concrete Masonry Units (C 145 — 52). de 


Tentative Revision of Standard Methods of: 
Sampling and Testing Brick (C 67 — 50). 


These recommendations were accepted by the Standards Committee on September 
5, 1956, and the tentative revisions appear in the 1956 Supplement to Book of ASTM 


Standards, Part 3. 
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REPORT OF COMMITTEE C-16 tis 

THERMAL INSULATING MATERIALS* 


Committee C-16 on Thermal Insulat- 
ing Materials and its subcommittees 
held two meetings during the year: at 
State College, Pa., on October 24 to 
26, 1955, and at Buffalo, N. Y., on 
February 29, March 1 and 2, 1956. 

The committee consists of 91 voting 
members, 24 non-voting members, 3 
honorary members, 1 consulting member, 
and 3 associate members. The voting 
membership is classified as follows: 
49 producers, 20 consumers, and 22 
general interest members. 

A new Subcommittee B on Definitions 
was formed with K. M. Ritchie as chair- 
man. 

The officers elected for the ensuing 
term of two years were as follows: 

W. L. Gantz, Chairman. =? 

C. B. Bradley, Vice Chairman. 
W. C. Lewis, Vice Chairman. 

_ J. M. High, Secretary. 

R. A. Funger, Assistant Secretary. 

E. C. Shuman, Assistant Secretary, 
Membership. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee C-16 presented to the 
Society through the Administrative Com- 
mittee on Standards, the recommenda- 
tion that the Specification for Mineral 
Wool Block or Board Insulation (For 
Low Temperatures) be accepted for 
publication as tentative. This recommen- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


dation was accepted by the Standards 
Committee on January 27, 1956, and 
the new Specification will appear in the 
1956 Supplement to Book of ASTM 
Standards, Part 3, bearing the designa- 
tion C 378 - 56 T. 


NEw TENTATIVES 


The committee recommends that the 
following specifications and methods be 
accepted for publication as tentative as 


appended hereto: 

Tentative Specifications for: 
Cellular Glass Thermal Insulation for Pipes, and 


Mineral Wool Felt Insulation (Industrial Type) 
for Elevated Temperatures. 


_ Tentative Method of Test for: 
_ Wet Adhesion of Thermal Insulating Cements 


to Metal. 


ApopTion OF TENTATIVES AS STANDARD 


WitTHovuT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 


Tentative Specifications for: 


Cellular Asbestos Paper Thermal Insulation for 
Pipes (C 298 - 52 T),? 

Laminated Asbestos Thermal Insulation for 
Pipes (C 299 - 52 T),? 

Cellular Glass Insulating Block (C 343 - 54 T),? 

Corkboard Thermal Insulation (C 352 54 T).* 


1These new tentatives appear in the 1956 
Supplement to Book of ASTM Standards, Part 


21955 Book of ASTM Standards, Part 3. 
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On TH 
Tentative Method of Test for: 


Density of Preformed Pipe-Covering-Type 
Thermal Insulation (C 302 - 52 T),? 

Density of Preformed Block-Type Thermal 
Insulation (C 303 — 52 T),? 

Adhesion of Dried Thermal Insulating Cements 
(C 353 - 54 T),? and 

Compression Strength of Thermal Insulating 
Cements (C 354-54 T).? 


ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revision of the Standard Defi- 
nitions of Terms Relating to Thermal 
Insulating Materials (C 168-51)? com- 
prising three new definitions of water 
vapor transmission be approved for 
reference to letter ballot of the Society 
for adoption as Standard. 


WITHDRAWAL OF TENTATIVES 


The committee recommends the with- 
drawal of the Tentative Method of Test 
for Vibration Resistance of Preformed 
Thermal Insulation (C 304-52 T)? on 
the basis that this test is not required. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives which have stood 
without revision for two or more years 
be continued as tentative since they are 
undergoing review in the subcommittee 
with a view to revising them before their 
adoption to standard: 


Tentative Specifications for: 

Mineral Wool Molded-Type Pipe Insulation 
(for Elevated Temperatures) (C 281-52 T), 

Mineral Wool Molded-Type Pipe Insulation 
(For Low Temperatures) (C 300-52 T), 

Diatomaceous Earth Block-Type Thermal In- 
sulation (C 333 — 54 T), 

Diatomaceous Earth Thermal Insulation for 
Pipes (C 334 - 54 T), 

Calcium Silicate Block-Type Thermal Insula- 
tion (C 344-54 T), and 

Calcium Silicate Thermal Insulation for Pipes 
(C 345 -54T). 


ERMAL INSULATING MATERIALS 


Tentative Method of Test for: 


Thermal Conductance and Transmittance of 
Built-Up Sections by Means of the Guarded 
Hot Box (C 236-54 T), 

Thermal Conductivity of Pipe 
(C 335 - 54 T), 

Mean Specific Heat of Thermal Insulation 
(C 351-54T), and 

Water Vapor Transmission of Materials Used in 
Building Construction (C 355 - 54 T). 


Insulation 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee S-I on Block and Pipe 
Insulation (P. Losse, chairman) prepared 
the proposed Tentative Specification for 
Cellular Glass Thermal Pipe Insulation, 
referred to previously in the report, and 
is developing a specification for asbestos 
block-type thermal insulation for Eleva- 
ted Temperatures. 

The subcommittee is developing 
methods of test for stress corrosion crack- 
ing of austenitic stainless steels attrib- 
utable to thermal insulation and methods 
of handleability of thermal insulation. 

Subcommitiee S-II on Structural In- 
sulating Board (R. R. Sullivan, chair- 
man) is working on a nail head pull 
through test for building fiberboards, 
methods of testing insulating roof deck 
slabs, and insulating formboard. The 
subcommittee is also developing defini- 
tions of structural insulating board and 
is considering alternate fuel provision 
for inclusion in the inclined panel flame 
Test of Methods of Testing Structural 
Insulating Board Made From Vegetable 
Fibers (C 209 —- 55 T). 

Subcommittee S-III on Insulating Ce- 
ment (E. J. Davis, chairman) prepared 
the Method of Test for Wet Adhesion of 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Thermal Insulating Cements to Metal, 
and the definition of finishing cement 
referred to previously in the report. The 
subcommittee is considering a method of 
test for consistency of wet mixed in- 
sulating cements and there is under de- 
velopment a specification for mineral 
wool hydraulic setting thermal insulating 
and finishing cement. 

Subcommittee S-IV on Blanket Insula- 
tion (J. M. Barnhart, -chairman) pre- 
pared the Specification for Mineral 
Wool Felt Insulation (Industrial Type) 
for Elevated Temperatures, referred to 
earlier in the report, and it is developing 
a specification for batt or blanket type 
thermal insulation for buildings. 

Subcommittee S-V on Loose Fill In- 
sulation (L. A. Barron, chairman) is 
continuing work on a method of test 
for determining the density of loose-fill 
building insulations by the jolting im- 
pact method. 

Subcommittee T-VI on Thermal Con- 
ductivity (F. M. Gavan, chairman) is pre- 
paring a method of test for thermal con- 
ductivity of insulating materials at low 
temperatures by means of the Wilkes 
Calorimeter. 

The subcommittee is reviewing the 
methods of test for Thermal Conductance 
and Transmittance of Built-Up Sections 
by Means of the Guarded Hot Box 
(C 236-54 T), Thermal Conductivity 
of Pipe Insulation (C 335-54 T), and 
Thermal Conductivity of Materials by 
Means of the Guarded Hot Plate (C 
177-45). 

Subcommittee T-VII on Special Ther- 
mal Properties (W. R. Seipt, chairman) 
is developing methods of test for emis- 
sivity at room temperatures, abrasion 
resistance, and hot surface performance, 
and it is considering fire resistance tests 
for thermal insulating materials. 


REPORT OF COMMITTEE C-16 


The subcommittee is reviewing the 
Tentative Method of Test for Mean 
Specific Heat of Thermal Insulation 
(C 351 - 54 T). 

Subcommittee S-VIII on Dimensional 
Standards (H. P. Hoopes, chairman) is 
continuing work on a method of sampling 
preformed insulation, and a _ recom- 
mended practice for prefabrication of 
insulation covers for fittings, flanges, 
and valves. 

Subcommittee T-IX on Vapor Trans- 
mission (F. A. Joy, chairman) is con- 
ducting a series of round-robin tests in 
accordance with the Tentative Method 
of Test for Measuring Water Vapor 
Transmission of Materials in Sheet Form 
(E 96-53 T). 

The subcommittee is reviewing the 
Tentative Method of Test for Water 
Vapor Transmission of Materials Used 
in Building Construction (C 355 — 54 T). 

Subcommittee S-XI on Reflective In- 
sulation (G. E. Gronemeyer, chairman) 
is developing definitions relating to re- 
flective insulation. 

Subcommittee T-X on Physical Prop- 
erties (Other Than Permeance) of Coatings 
Accessory to Thermal Insulation (H. E. 
Rapp, chairman) is conducting a series 
of round-robin tests on a method for de- 
termining combustibility rates of coat- 
ings. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 91 voting members; 66 mem- 
bers returned ballots, of whom 54 voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
E. R. QUEER, 
Chairman. 
W. E. Gantz, 
Secretary. 
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Committee C-18 on Natural Building 
Stones held one meeting during the year: 
on April 13, 1956, at Washington, D. C. 
A meeting of the Advisory Subcommit- 
tee was held at Washington, D. C., on 
November 4, 1956. Meetings of sub- 
committees III on Test Procedures, IV 
on Specifications, and V on Research 
were held concurrently with the general 
meeting of the committee. 

Task groups have been set up to work 
on granite, sandstone, limestone, marble, 
and slate; programs of work have been 
initiated and specifications are in vary- 
ing stages of development. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, L. W. Currier. 
Vice-chairman, T. I. Coe. _ 
Secretary, F. S. Eaton. 

The committee consists of 26 mem- 
bers; of whom 5 are classified as produ- 
cers, 11 as consumers, and 10 as general 
interest members. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Method of Test for Durability 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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NATURAL BUILDING STONES* 


of Slate for Roofing (C 217 - 48 T)! be 


revised as appended hereto? and con- 
tinued as tentative. 


TENTATIVE CONTINUED 
REVISION 


The committee recommends that the 
Tentative Method of Test for Combined 
Effect of Temperature Cycles and Weak- 
Salt Solutions on Natural Building 
Stone (C 218-48 T), which has stood 
for more than two years without revi- 
sion, be continued as tentative. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


Respectfully submitted on behalf of 
the committee, 
L. W. Currier, 
Chairman. 
F. S. EATON, 
Secretary. 


11955 Book of ASTM Standards, Part 3. 

2This new tentative appears in the 1956 
Supplement to Book of ASTM Standards, Part 
3. 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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~REPORT OF COMMITTEE C-20 
ON 
ACOUSTICAL MATERIALS* 


Committee C-20 on Acoustical Ma- 
terials held two meetings during the 
year: at the University Club in Chicago, 
Ill., on October 19, 1955, and at ASTM 
Headquarters, Philadelphia, Pa., on 
May 3, 1956. 

The committee consists of 74 members, 
* whom 26 are classified as producers, 
13 as consumers, 27 as general interest 
members, and 8 as consulting members. 
The officers elected for the ensuing 
term of two years are as follows: 
Chairman, H. A. Leedy. 
Vice-Chairman, H. J. Sabine. 
Secretary, J. W. Garrison. 


NEw TENTATIVE 


_ The committee recommends that the 
Method of Test for Impedance and Ab- 
sorption of Acoustical Materials by the 
Tube Method be accepted for publication 
as tentative as appended hereto.! 


This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Sound Absorption 
(H. J. Sabine, chairman) prepared the 
method of test for impedance and ab- 
sorption of acoustical materials by the 


* Presented at the Fifty-ninth Annual Meet- 
- ing of the Society, June 17-22, 1956. 
1This new tentative appears in the 1956 
Supplement to Book of ASTM Standards, Part 
3 


3 The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are 
‘ on record at ASTM Headquarters. 


tube method referred to above. Current 
projects include a reverberation-chamber 
method for sound absorption measure- 
ment and a box method of absorption 
testing. The subcommittee is following 
the work of member laboratories on 
development of a “horn coupler” mod- 
ification of the impedance tube method, 
by which specimens larger than the tube 
diameter may be tested. 

Subcommittee II on Flame Resistance 
(Wallace Waterfall, chairman) has circu- 
lated for comment the fourth draft of a 
test method for flame resistance based on 
Federal Specification SS-A-118b. A Task 
Group has been appointed to conduct 
round robin tests and collect information 
on the details of panel test equipment 
now in use. Studies of other existing or 
proposed methods applicable to acousti- 
cal materials, including large and small 
tunnel methods and the radiant panel 
method are continuing. 

Subcommittee III on Maintenance 
(W. C. Clark, chairman) is following a 
project of the National Bureau of Stand- 
ards to study and measure the soiling 
characteristics of acoustical materials 
due to impingement of dirt-laden air. The 
investigation of suitable test methods 
for the ability of acoustical materials 
to withstand repainting and cleaning is 
continuing. 

Subcommitiee IV on Application 
(L. F. Yerges, chairman).—Prior to final 
adoption of a specification and a test 
method for acoustical adhesives the 
sub-committee is reviewing the re- 
sults of an accelerated test program on 

230 


/ 
4 
¢ 
€. 
5 
A 
| 
| 
. 
ba 
Fo 4 
+ 
3 
- 
= 
1 


aging which is being carried out by a 
joint task group of Committee C-20 and 
Committee D-14 on Adhesives. A task 
group is being set up to investigate me- 
chanical suspension methods of applying 
acoustical tile. 

Subcommittee V on Basic Physical 
Properties (W. A. Jack, chairman).—An 
article describing apparatus for measur- 
ing air-flow resistance of acoustical ma- 
terials was published in the January, 
1956, ASTM Bulletin, for purposes of 
information and eliciting interest in 
possible development of a test method. 
Study is continued ona draft of a method 
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On ACOUSTICAL MATERIALS 


of light reflectance measurement based | 
on the Baumgartner sphere. 


This report has been submitted to — 
letter ballot of the committee, which a 
consists of 68 voting members; 39 mem- _ 
have voted affirmatively and 0 nega- 


bers returned their ballots, of whom 36 ] 
tively. 


Respectfully submitted on behalf of 
the committee, 


A. LEEDy, 
Chairman. 
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: Committee C-21 on Ceramic White- 
wares and Related Products held two 
meetings during the year: in Bedford 
Springs, Pa., on September 29, 1955, 
and in New York City on April 23, 1956. 
The Executive Subcommittee met on 
the same days. 

The committee consists of 92 voting 
members, of whom 52 are classified as 
producers, 12 as consumers, and 28 as 
general interest members. 


TENTATIVE REVISIONS OF STANDARD 


The committee recommends tentative 
revisions comprising new definitions as 
appended hereto! of the Standard 
Definitions of Terms Relating to Ceramic 
Whitewares and Related Products 
(C 242 - 55).” 


ADOPTION OF TENTATIVES AS STANDARD 
WirHout REVISION 


The committee recommends that the 
following tentative methods be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision: 


Tentative Methods of: 


Sampling Ceramic 

(C322-53T),? 

Chemical Analysis of Ceramic Whiteware Clays 

(C 323 - 53 T),? 

Test for Free Moisture in Ceramic Whiteware 

Clays (C 324 -53T),? 

- Test for Wet Sieve Analysis of Ceramic White- 
ware Clays (C 325 - 53 T),? 


Whiteware Clays 


*Presented at the Fifty-ninth Annual Meet- 
q ing of the Society, June 17-22, 1956. 

1 These new definitions appear in the 1956 
_ Supplement to Book of ASTM Standards, Part 
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Determination of Drying and Firing Shrinkages 
of Ceramic Whiteware Clays (C 326 - 53 T),? 

Test for Linear Thermal Expansion of Fired 
Ceramic Whiteware Materials by the Inter- 
ferometric Method (C 327 - 53 T),? 

Test for Flexural Properties of Fired Dry- 
Pressed Whiteware Specimens at Normal 
Temperatures (C 328 - 55 T),? 

Test for Specific Gravity of Fired Ceramic 
Whiteware Materials (C 329 - 53 T),? 

Test for Impact Resistance of Ceramic Table- 
ware (C 368 - 55 T),? 

Test for Modulus of Rupture of Fired, Cast or 
Extruded Whiteware Products (C 369 - 55 T),? 

Test for Moisture Expansion of Fired White- 
ware Products (C 370 - 55 T),? 

Test for Sieve Analysis of Nonplastic Pulverized 
Ceramic Materials (C 371 - 55 T),? 

Test for Linear Thermal Expansion of Fired 
Whiteware Products by the Dilatometer 
Method (C 372 - 55 T),? and 

Test for Water Absorption, Bulk Density, Ap- 
parent Porosity, and Apparent Specific 
Gravity of Fired Porous Whiteware Products 
(C 373 -55T).? 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that the 
definitions for ‘‘ball clay” and “‘calcine”’ 
which are published as tentative re- 
visions of the Standard Definitions of 
Terms Relating to Ceramic Whiteware 
and Similar Products (C 242-55)? be 
approved for reference to letter ballot of 
the Society for adoption as standard. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 

21955 Book of ASTM Standards, Part 3. 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (A. S. 
Watts, chairman) prepared the defini- 
tions appended hereto,! and is consider- 
ing a number of additional definitions, 
some of which were presented by the 
Tile Council of America. 

Subcommittee II on Tests and Speci- 
fications (Van E. Campbell, chairman).— 
Subsection Al on Clays (G. W. Phelps, 
chairman) recommended the adoption 
as standard of five of the methods re- 
ferred to previously in this report. 

Methods of test are being developed 
by this committee for hydrometer pro- 
cedure for particle size determination, 
dry modulus for ceramic bond clays, and 
hydrogen ion concentration measure- 
ments. 

Subsection A3 on Titanate and Zir- 
conate (W. J. Baldwin, chairman).—No 
general cooperative program was under- 
taken by this committee during the 
year, but various committee members 
carried on some work in an attempt to 
obtain more consistent electrical values 
with barium titanate bodies. Consider- 
able laboratory work has been done 
relative to establishing control tests on 
barium titanate. This work involves 
chemical analyses, determination of 
ceramic and electrical properties, and 
X-ray examination. 

Subsection A4 on Cermets (T. S. 
Shevlin, chairman) was organized during 
the September meeting of the com- 
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Subsection AS on Ferrites held its 
organization meeting in New York City 
on April 23, 1956. 

Subsection C1 on Fundamental Prop- 
erties (W. C. Mohr, chairman) prepared 
tests for thermal conductivity of white- 
ware ceramics, and compressive strength 
of fired whiteware materials, which are 
expected to be submitted to the Society 
through the Administrative Committee 
on Standards. Eight of the tentative 
methods of test recommended for adop- 
tion as standards were prepared by this 
subcommittee. Test methods for crazing 
resistance and translucency are being 
prepared. 

Subcommittee III on Research (H. Z. 
Schofield, chairman).—The information 
on measurement of subsieve particle size 
obtained from round-robin tests is being 
used by Subcommittee IT as an aid in 
the development of subsieve particle 
size test procedures for clays and several 
non-plastic materials. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 92 voting members; 69 mem- 
bers returned their ballots, of whom 65 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 


the committee, 
C. J. KoEnic, 


A. J. GITTER, 
Secretary, 
ee 
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ber representative has been replaced. 
At the present time the committee con- 
sists of 43 members of whom 36 are 
voting members; 20 are classified as 
producers, 5 as consumers, and 11 as 
general interest members. 

The officers and members-at-large of 
the Executive Committee elected for 
the ensuing term of two years are as 
follows: 

Chairman, W. N. Harrison. 

First Vice Chairman, D. G. Bennett. 

Second Vice Chairman, R. F. Bisbee. 

Secretary, G. H. Spencer-Strong. 


Members at Large of Executive Sub- 
committee: A. L. Johnson, F. R. Nagley. 


NEW TENTATIVE 


The committee recommends that the 
Method of Test for Thermal Shock 
Resistance of Porcelain-Enameled Uten- 
sils be accepted for publication as 
tentative as appended hereto.' 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society. June 17-22, 1956. 
1This new tentative appears in the 1956 
ee to Book of ASTM Standards, Part 


REPORT OF COMMITTEE C-220 
PORCELAIN ENAMEL 
Committee C-22 On Porcelain Enamel REVISION OF TENTATIVE 1 
held two meetings during the year: on The committee recommends that the ' 
October 5 and 6, 1955, in Pittsburgh, Pa., Tentative Definitions of Terms Relat- I 
as guests of the Mellon Institute, and jing to Porcelain Enamel (C 286-55 T)? 
on February 29 and March 1, 1956, in be revised by deleting the definition for 
Buffalo, N. Y., during ASTM Committee Porcelain or Vitreous Enamel and add- . 
Week. ing the following: 
During the year two new members ] 
. Porcelain Enamel.—A substantially vitreous 
have been added to the committee, two or glassy, inorganic coating bonded to metal by 
have resigned, and one corporate mem- fusion at a temperature above 800 F. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following methods be continued as 
tentatives without revision: 


Tentative Methods of Test for: 


Impact Resistance of Porcelain-Enameled 
Utensils (C 284-51 T), 

Warpage of Porcelain-Enameled Flatware 
(C 314-53T), and 

Reflectivity and Coefficient of Scatter of White 
Porcelain Enamels (C 347 - 54T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Research (J. J. 
Canfield, chairman) has seven problems 
under investigation, the majority of 
which are of a long-range and con- 
tinuing nature. 

Subcommittee II on Nomenclature 
(E. E. Howe, chairman) is continuing its 
review of the Tentative Definitions of 


21955 Book of ASTM Standards, Part 3. 

* The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Terms Relating to Porcelain Enamel 
(C 286-55 T). Because of the demon- 
strated inadequacies of the existing 
definition for the term “porcelain 
enamel,” the subcommittee has prepared 
a more suitable definition as set forth 
previously in this report. 

Subcommittee III on Education (L. S 
O’Bannon, chairman) has secured the 
inclusion of items of educational interest 
concerning the work of Committee C-22 
in some 54 technical publications. 

Subcommittee IV on Materials (W. A 
Deringer, chairman) is actively working 
on eight projects. One which is nearly 
completed is the development of a pro- 
posed tentative test method for the 
measurement of the resistance of porce- 
lain enamels to failure due to torsion. 

Subcommittee V on Finished Products 


On PORCELAIN ENAMEL 


(J. C. Richmond, chairman) prepared 
the new Method of Test for Thermal 
Shock Resistance of Porcelain-Enameled 
Utensils which is appended to this 
report. The subcommittee is presently 
working on 17 other projects. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 36 voting members; 30 mem- 
bers returned their ballots, of whom 
29 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 

W. N. Harrison, 

Chairman. 

G. H. SPENCER- STRONG, 

Secretary. 
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REPORT OF COMMITTEE D-1 f 4 

ON 


PAINT, VARNISH, LACQUER AND RELATED PRODUCTS* 


Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 

meetings during the year: on June 27 to 
29, 1955, in Atlantic City, N. J., in 
connection with Annual Meeting of the 
Society, and in Buffalo, N. Y., on 
February 29, March 1 and 2, 1956, in 
connection with ASTM Committee 
Week. 

At the June, 1955, meeting, W. W. 
Cranmer, Industrial Test Laboratory, 
Philadelphia Naval Ship Yard, presented 
a paper on “ASTM Committee D-1— 
Navy Paints.” The paper surveyed the 
types of paint now used by the U. S. 
Navy and the types expected to be used 


4 in the future, and showed the value of 


the ASTM methods of test prepared by 
-Committee D-1 in controlling quality of 
paints. 

At the February, 1956, meeting, J. A. 
Stevens, Dow Chemical Co., presented a 
paper on the “Preparation of Magnesium 
Surfaces for Painting.” For the June, 
1956, meeting it is planned to hold a 
Symposium on the Use of Performance 
Specifications for Floor Finishes. 

During the past year, the new Sub- 
committee on Putty, Glazing, and 
Caulking Compounds was organized 
under the chairmanship of H. L. Kelfer. 

Committee D-1 has continued its close 
cooperation with the Federation of 
Paint and Varnish Production Clubs 
through the Joint Federation-ASTM 
Committee on Paint, Varnish and 


* Presented at the Fifty-ninth Annual Meet- 


d ing of the Society, June 17-22, 1956. 
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Lacquer (W. G. Armstrong, chairman). 
The number of standards which have 
been jointly approved by both or- 
ganizations is now 51. Thirteen ad- 
ditional ASTM standards and tenta- 
tives are now being considered by the 
Federation. The organizations are con- 
tinuing to cooperate in the preparation 
of specifications for mineral spirits. 

Since the last report, the American 
Standards Association has approved as 
American Standard the following ASTM 
specifications and methods of test de- 
veloped by Committee D-1: 


Standard Specifications for: 

Raw Linseed Oil (D 234-55), > 
Boiled Linseed Oil (D 260-55), and 
Tentative Method of Test for: 


Tinting Strength of White Pigments (D 332 - 
55 T). 


The Committee on Intercommittee 
Relations, composed of D-1 representa- 
tives on other ASTM technical com- 
mittees, is continuing to maintain close 
contact with those committees whose 
activities are of interest to Committee 
D-1. In the last year a representative of 
Committee D-1 has also been appointed 
to the Sectional Committee on Electrical 
Insulating Materials (ASA Project C 59). 

During the year the committee ap- 
proved and amended the section on 
attendance at meetings of the Regula- 
tions Governing Committee D-1. 

Chairman Pearce, who was _ first 


elected to Committee D-1 in 1921, was 
given the ASTM Award of Merit by the 
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Society at the June, 1955, Annual 
Meeting. 

At the June, 1955, meeting the com- 
mittee voted unanimously to elect J. F. 
Broeker to Honorary Membership in 
Committee D-1. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. T. Pearce. 

Vice-Chairman, E. W. Fasig. __ 

Secretary, W. A. Gloger. _ 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 
lication as information the following two 
proposed methods, as appended hereto:' 


Proposed Methods for Preparation of: 


Aluminum and Aluminum-Alloy Surfaces for 
Painting, and 
Magnesium-Alloy Surfaces for Painting. 


New TENTATIVES 


The committee recommends that the 
following nine specifications and methods 
be accepted for publication as tentative 
as appended hereto,? or as otherwise 
indicated: 


Tentative Specifications for: 
Safflower Oil, 


Tentative Methods of Test for: 


Flash Point of Drying Oils, 

Chemical Analysis of White Titanium Pigments, 

Abrasion Resistance of Clear Floor Coatings, 

Analysis of Polyvinyl Butyral,* 

Unsaponifiable Matter in Alkyd Resins and 
Resin Solutions, 

Fatty Acid Content of Alkyd Resins and Resin 
Solutions, 

Measurement of Dry Film Thickness of Non- 
metallic Coatings of Paint, Varnish, Lacquer, 
and Related Products Applied on a Nonmag- 
netic Metal Base, and 

Unsaponifiable Content of Tricresyl Phosphate. 


1 See pp. 245 and 249. 

These new and revised specifications and 
methods of text appear in the 1956 Supplement 
to Book of ASTM Standards, Part 4 

3 Proceedings, Am. Soc. Testing Mats., Vol. 


55, p. 445 (1955). 


ODUCTS 


REVISION OF TENTATIVES 


The committee recommends that the 
following four methods be revised as 
indicated and continued as tentative: 


Tentative Methods of Chemical Analysis 
of White Pigments (34-51 T) = 


Replace the present procedures for ti- 
tanium pigments in Sections 32 to 41 by 
a reference to the new Tentative Methods 
for Chemical Analysis of White Titanium 
Dioxide Pigments appended hereto.” 


Tentative Method of Test for Distillation 
Range of Lacquer Solvents and 
Diluents (D 1078 - 49 T):4 


Revise as appended hereto.? — 


Tentative Method of Test for Non- 
volatile Content of Resin Solutions 
; (D 1259 — 53 T):4 


~ Revise as appended hereto.? The 
results of the cooperative study of the 
foil method being added to D 1259 this 
year are given in Table I. 


Tentative Method of Test for Flash 

Point of Volatile Flammable Ma- 
_ terials by Tag Open-Cup Apparatus 
(D 1310-55 


A summary of the cooperative test 
data on the study of this method is 
appended hereto.® The revisions are as 
follows: 

New Section.—Add the following New 
Section 7 and Note 7, renumbering the 
present Sections and Note accordingly: 


7. Standardization.—(a) Make determinations 
in triplicate on the flash point of standard para- 
xylene and of standard isopropyl alcohol which 
meet specifications set forth in Appendix II. 
Average these values for each compound. If the 
difference between the values for these two com- 
pounds is less than 15 F (8.5(C) or more than 
27 F (16 C), repeat the determinations or obtain 
fresh standards. 


#1955 Book of ASTM Standards, Part 4. 
5 See p. 262. 


237 
—— 
$4 
an). 
» & 
ave 
or- 
ad- 
the 
on 
l as 
TM 
332 - iw 
nta- 
slose 
hose 
ittee 
nted 
rical : 
59). 
ap- i: 
on 
sula- 
first 
‘the 


(b) Calculate a correction factor as follows: 


_ Observed Flash of para-xylene = A 
Observed Flash of isopropyl alcohol = B 


X=92-A 
Y=71-—B 
Correction = 


Apply this correction to all determinations. 
Half units in correction shall be discarded. 


_ Note 7.—The height of the taper arm is very 


important. Raising the taper 0.01 in. increases 
the flash about 2 F. Therefore, if it is suspected 
that the taper arm has been jarred or bent the 
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SPECIFICATIONS FOR p-XYLENE 
AND IsOPROPANOL 


Specifications for p-Xylene, Flash Point Check 
Grade: 


A2. p-Xylene shall conform to the following 
requirements: 


Specific Gravity, 15.56C/15.56C...... 0.860 
min, 0.866 max. 
Boiling Range...... 2 C max from start to dry 


point, when tested by ASTM Method 
D 850, Test for Distillation of Industrial 
Aromatic Hydrocarbons, or Method D 1078, 
Test for Distillation Range of Lacquer 
Solvents and Diluents. The range shall in- 


“TABLE I.—RESULTS OF COOPERATIVE TESTS BY FOIL METHOD FOR NONVOLATILE 
CONTENT OF HEAT-REACTIVE RESIN SOLUTIONS. 


Amberol Uformite Bakelite Varcum Monsanto 
ST-137 F-233, BV-9700A 1281-B P-97, = 
70 per cent | 50 per cent 80 percent | 50 per cent Within 
Labora- 
wa 67.6 | 0.3) 54.1 | 0.7) 50.3 | 1.5) 78.0 | 47.2 | 0.5) 0.7 
Ball Chemical............ 68.0 | 0.3) 54.0 | 0.7) 51.3 | 0.8] 78.4 | 0.9) 48.5] 0.6) 0.7 
...| 57.99% 0.5) 54.0% 0.3] 81.5%) 0.6) ... 
68.1 | 0.3) 54.2 | 0.3) 50.4 | 0.0) 79.6 | 0.2) 47.6 | 0.2) 0.4 
67.85 0.8) 53.5 | 0.5) 50.4% 1.2] 77.5 | 0.4) 47.25 1.2) 0.8 
68.5 | 0.8) 53.6 | 0.7) 50.9 | 0.8) 78.1 | 0.4) 47.9 | 0.7| 0.7 
Interchemical . . 69.6 | 0.3) 54.6 | 0.2) 51.5% 0.6) 79.4 | 6.2) 48.8 | 0.2) 0.3 
Rohm & Haas............ 68.0 | 0.9| 53.3 | 1.7) 50.3 | 1.0) 78.2 | 47.7 | 0.9 
Average of Average Re- 
ak 68.2 53.9 50.7 78.5 47.8 
Range of Average Results..| 2.1) 1.1] 1.2] ...] 2.1] ...] 1.6]... 


apparatus should be recalibrated. Each unit of 
apparatus should have its calibration checked 
about once a week if in constant use, or on each 
occasion of use if used only occasionally. 


Note 7.—Renumber as Note 8 and 
_ change to read as follows: 


Note 8.—The calibration procedure provided — 
in this method will cancel out the effect of baro- 
: metric pressure if calibration and tests are run 
at same pressure. 


A ppendix.—Redesignate the present 
Appendix as Appendix I, and add the 
following as Appendix IT: 


® Average of only 3 results; omitted from average result. 
> Average of the first 6 of the 8 results reported. 


clude the boiling point of pure p-xylene, 

which is 138.35 C (281.03 F). 
Purity......95 per cent min, calculated in 
accordance with ASTM Method D 1016, 
Test for Determination of Purity from 
Freezing Points of High-Purity Compounds, 
from the experimentally determined freez- 
ing point, measured by ASTM Method 
D 1015, Test for Measurement of Freezing 
Points of High-Purity Compounds for 
Evaluation of Purity. 


Specifications for Isopropanol, Flash Point Check 
Grade: 


A3. Isopropanol shall conform to the follow- 
ing requirements: 
Specific Gravity...... 0.8175 to 0.8185 at 
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20/20 C as determined by means of a cali- 
brated pycnometer. 

Distillation Range......shall entirely distill 
within a 1.0C range which shall include 
the temperature 80.4 as determined by 
ASTM Method D 1078. 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tenta- 
tive revisions of the following standards 
as indicated: 


Standard Definitions of Terms Relating 
to Paint, Varnish, Lacquer, and Re- 
lated Products (D 16 — 52):! 


Change the definition 
to read as follows: 


of thinner 


Thinner.—The portion of a paint, varnish, 
lacquer, or printing ink, or related product that 
volatilizes during the drying process. 


Standard Methods of Testing Varnishes 
(D 154 -53):* 


Sections 30, 31, and 32——Change to 
read as follows: 


Acip VALUE 


30. Reagents: (a) Titrant (0.1N Potassium Hy- 
droxide in Methyl Alcohol).—Use synthetic 
methyl alcohol meeting ASTM Specifications 
D 1152. Standardize using potassium hydrogen 
phthalate and 1 per cent phenolphthalein indi- 
cator. 

(b) Neutral Solvent Mixture—Mix equal parts 
of isopropyl alcohol (ASTM Specifications 
D 770) and industrial toluol (ASTM Specifica- 
tions D 362). Neutralize, using 0.1N KOH as 
above and 1 per cent phenolphthalein indicator 
until pink color persists for 1 min. 

(c) Indicator (1 Per Cent Phenol phthalein).— 
Dissolve 1 g of phenolphthalein in 100 ml of 
methyl alcohol (ASTM Specifications D 1152). 

31. Procedure—Weigh in duplicate 3.00 to 
5.00 g of varnish into a 500-ml Erlenmeyer 
flask. Add 100 ml of neutral solvent. Mix until 
dissolved. Add 1 ml of indicator and titrate with 
0.1N KOH solution until pink color persists for 
1 min. 

32. Calculation.—Calculate the acid value as 
the weight in milligrams of potassium hydrox- 


ide required to neutralize 1 g of varnish as 


follows: 


Acid value = Jd aT 
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where: 

A = milliliters of KOH solution required for 
titration, 

B = milligrams of KOH per milliliters of titrant, 
and 

C = weight of the varnish in grams. 


Standard Methods of Testing Drying 
Oils (D 555 — 


New Sections.—Add the following new 
Sections 87 to 90 covering a method of 
test for heat-bleach of drying oils: 


87. Scope.—This method covers a procedure 
for determining the color change of drying oils 
due to heat. 

88. Definition.—Heat-Bleach of a drying oil is 
the effect on the color of the oil when it is heated 
to a specified temperature and held at that tem- 
perature for a specified time. 

89. Apparatus: (a) Beaker.—A 250-ml beaker, 
Griffin low-form, of heat-resistant glass.* 

(b) Ring Stand.—Ring stand with asbestos 
wire pad. 

(c) Heater—A Fisher high-temperature gas 
burner or other suitable gas burner. 

(d) Thermometer.—An ASTM Partial Immer- 
sion Thermometer No. 3 F having a range of 
+20 to +760 F and conforming to the require- 
ments in ASTM Specifications E 1. 

(e) Color Standards.—A set of Gardner 1933 
permanent color standards, as described in Sec- 
tion 5 of the Standard Methods of Testing Var- 
nishes (ASTM Designation: D 154). 

90. Procedure.—Place 100 ml of the oil sample 
in the 250 ml beaker. Immerse the thermometer 
in the center of the oil so that the end of the bulb 
is from } to ;; in. from the bottom of the beaker. 
Heat to 550 F in 5 to 10 min, and hold at this 
temperature +5 F for 5 min. Remove the beaker 
from the stand and allow to cool to room tem- 
perature. Determine the color of the sample ac- 
cording to Sections 5 to 7 of Standard Methods 
D 154. 


. ® Pyrex glass is suitable for this purpose. _ 


a} 


REVISION OF STANDARD AND 
REVERSION TO ‘TENTATIVE 


The committee recommends that the 
following standard be revised as ap- 
pended hereto? and reverted to tentative 
status: 


Standard Specifications for Raw Soybean Oil 
(D 124-48)“ 
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ADOPTION OF TENTATIVES AS STANDARD 
WirHovut REVISION 


The committee recommends that the 
following ten tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 

Tentative Methods of Test for: 


No-Dirt-Retention Time of 
(D 1297 - 53 T),* 

Phthalic Anhydride Content of Alkyd Resins 
and Esters Containing Other Dibasic Acids 
(Gravimetric) (D 1306 - 54 T),‘ 

Phthalic Anhydride Content of Alkyd Resins 
and Esters Containing Other Dibasic Acids 
(Spectrophotometric) (D 1307 - 54T),* 

Settling Properties of Traffic Paints During 
Storage (D 1309 - 54T),* 

Apparent Free Phenols in Synthetic Phenolic 
Resins or Solutions Used for Coating Purposes 
(D 1312 -54T),* 

Nonvolatile Matter in Lacquer Solvents and 
Diluents (D 1353 — 54 T),* 


Tentative Methods of Testing: 


Varnishes (D 154 - 53 T),* to be added to Stand- 
ard D 154-53 


Tentative Method for: 


Evaluating Degree of Blistering of Paints 
(D 714-54T),‘ 


Traffic Paint 


Tentative Recommended Practice for: 

Conducting Exterior Exposure Tests of Paints 
on Wood (D 1006 - 51 T),* and 

Tentative Specifications for 


Asphalt-Base Emulsions for Use as Protective 
Coatings for Metal (D 1187 - 51 T).4 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions in the follow- 
ing five standards, as appended hereto? 
and accordingly asks for the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that the re- 
visions may be referred to letter ballot 
of the Society: 


Standard Specifications for: 


Ethylene Glycol Monobutyl Ether (D 330 — 35),! 
Ethylene Glycol Monoethy! Ether (D 331 — 35),‘ 
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Acetate Ester of Ethylene Glycol Monoethyl 
Ether (95 to 96 per cent Grade) (D 343 - 35) ,‘ 

Tricresyl Phosphate (D 363 and 

Methy! Ethyl Ketone (D 740 46).‘ 


Committee D-1 concurs in the pro- 
posed revision of the Standard Method 
of Test for Flash Paint by Tag Closed 
Tester (D 56-52) being recommended 
by Committee D-2 on Petroleum 
Products and Lubricants.® ae 


TENTATIVES CONTINUED 


WITHOUT REVISION 


The committee recommends that the 
following ten tentatives be continued 
without revision: 


Tentative Specifications for: 


Heavy Petroleum Spirits (Heavy Mineral Spir- 
its) (D 965 - 48 T), 


Tentative Methods of Test for: 


Ester Value of Tricresyl Phosphate (D 268 - 
49T), 

Kauri-Butanol Value of Hydrocarbon Solvents 
(D 1133 -54T), 

Purity of Acetone and Methyl Ethyl Ketone 
(D 1154-54T), 

Temperature-Change Resistance of Clear Nitro- 
cellulose Lacquer Films Applied to Wood 
(D 1211-52T), 

Nonvolatile Content of 
(D 1259 - 53 T), 

Effect of Household Staining Agents on Applied 
Nitrocellulose Clear and Pigmented Finishes 
(D 1308 -54T), 

Viscosity Reduction Power of Hydrocarbon 
Solvents (D 1311-54T), 


Tentative Methods of: 


Resin Solutions 


~ 
Testing Shellac (D29-54T),and 
Tentative Recommended Practice for: renal 


Operating Light and Water Exposure Apparatus 
(Carbon-Arc Type) for Testing Paint, Var- 
nish, Lacquer, and Related Products (D 822 - 
46 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 

§ See p. 274. 


7 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Drying Oils 
(D. S. Bolley, chairman) prepared the 
proposed Tentative Specifications for 
Safflower Oil and the proposed Tenta- 
tive Method of Test for Flash Point of 
Drying Oils, referred to earlier in the 
report, as well as the tentative revision 
of Methods D 555 to include a proposed 
method for determination of heat-bleach 
color of drying oils, and the proposed ten- 
tative revision of Specifications for Raw 
Soybean Oil (D 124). The subcommittee 
is preparing a proposed procedure for 
sampling drying oils, proposed methods 
of test for fatty acids, and a revision of 
Specifications for Raw Linseed Oil 
(D 234), in which the foots requirements 
will be replaced with a closely defined 
break test. 

Subcommittee III on Bituminous 
Emulsions (R. H. Cubberley, chairman) 
recommended that the Tentative Speci- 
fications for Asphalt-Base Emulsions for 
Use as Protective Coatings for Metal 
(D 1187 —- 51 T) be adopted as standard. 

Subcommittee IV on Traffic Paint 
(W. W. Burr, chairman) recommended 
the adoption as standard of the Tenta- 
tive Method of Test for No-Dirt-Re- 
tention Time of Traffic Paint (D 1297 - 
53T), and the Tentative Method of 
Test for Settling Properties of Traffic 
Paint During Storage (D 1309-54 T), 
with an editorial revision in the scope of 
the latter method limiting it to unbeaded 
traffic paints. 

Subcommittee V on Volatile Solvents 
for Organic Protective Coatings (M. B. 
Chittick, chairman) is continuing its 
work on distillation procedures and 
studies of evaporation rates. 

Subcommittee VI on Definitions (G. G. 
Sward, chairman) prepared the pro- 
posed tentative revision of the Standard 
Definitions of Terms Relating to Paint, 
Varnish, Lacquer, and Related Products 
(D 16) consisting of a change in the 
definition for Volatile Thinner. — 
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Subcommittee VII on Accelerated Tests 
for Protective Coatings (H. D. Pharo, 
chairman) recommended adoption as 
standard of the Tentative Method for 
Evaluating Degree of Blistering of 
Paints (D 714-54T), and Tentative 
Recommended Practice for Conducting 
Exterior Exposure Test of Paints on 
Wood (D 1006-51T). The subcom- 
mittee is revising the Tentative Recom- 
mended Practice for Operating Light 
and Water Exposure Apparatus (Car- 
bon-Arc Type) for Testing Paint, 
Varnish, Lacquer, and Related Products 
(D 822-54 T) in order to have it con- 
form with the Tentative Recommended 
Practice for Operation of Light- and 
Water-Exposure Apparatus (Carbon-Arc 
Type) for Artificial Weathering Test 
(E 42-55 T). The subcommittee is co- 
operating with Subcommittee XXV 
on Cellulosic Coatings and Related 
Materials on broadening the scope of the 
Tentative Method of Test for Effect of 
Household Staining Agents on Applied 
Nitrocellulose Clear and Pigmented 
Finishes (D 1308-54 T), to include all 
household chemicals and all organic 
coatings. The staining of transportation 
finishes, the water fog test, and the 
yellowing of interior finishes are other 
problems on which the subcommittee 
is working. 

Subcommittee VIII on Methods of 
Chemical Analysis of Paint Materials 
(W. H. Madson, chairman) prepared the 
proposed Tentative Methods for Chem- 
ical Analysis of White Titanium Pig- 
ments. It is developing a method for 
determination of soluble salts of pig- 
ments by conductivity methods, and a 
revision of the Standard Methods of 
Chemical Analysis of White Linseed Oil 
Paints (D 215), to provide for the de- 
termination of soluble salt content of 
combinations of pigments. Revisions of 
the Standard Method of Chemical 
Analysis of Dry Mercuric Oxide (D 284), 
are nearly completed. 
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Subcommittee IX on Varnish (J. C. 
Weaver, chairman) prepared the pro- 
posed Tentative Method of Test for 
Abrasion Resistance of Clear Floor 
Coatings, and the proposed tentative 
revision relating to the acid number test 
in the Standard Methods of Testing 
Varnishes (D 154-53). The subcom- 
mittee recommended the adoption as 
standard of the Tentative Methods of 
Testing Varnishes (D 154-53 T). The 
subcommittee is working on correction 
of certain tube standards in the Gardner 
system for determining color of trans- 
parent liquids, the development of 
methods for skinning tests, and for 
determination of rosin acids content in 
varnishes, specifications for driers, and 
the redraft of a number of tests which 
apply to varnishes covered by Federal 
Methods of Test TT-P-141. 

Subcommittee X on Optical Properties 
(M. P. Morse, chairman) has as current 
activities the preparation of three draft 
methods for measurement of color dif- 
ferences using the General Electric 
Spectrophotometer, the Colormaster, 
and the Color Eye Colorimeter, a 
method for measuring gloss of clear 
finishes on wood, tables to facilitate the 
calculations of spreading rates from 
reflectance data of paints, improved 
procedures for preparing uniform films 
and density determinations, and a 
revision of Tentative Method of Test for 
Tinting Strength of White Pigments 
(D 332-55 T) to include the Hoover 
Muller as an alternate method of dis- 
persion. The subcommittee will also 
undertake the development of a satis- 
factory light source and conditions for 
visual color matching, and procedures for 
expressing color in the Munsell color 
system. 

Subcommittee XI on Resins (C. F. 
Pickett, chairman) recommended the 
adoption as standard of the Tentative 
Methods of Test for Phthalic Anhydride 
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Content of Alkyd Resins and Esters 
Containing Other Dibasic Acids (Gravi- 
metric) (D 1306-54T), for Phthalic 
Anhydride Content of Alkyd Resins 
and Esters Containing Other Dibasic 
Acids (Spectrophotometric) (D 1307 - 54 
T), and for Apparent Free Phenols in 
Synthetic Phenolic Resins or Solutions 
Used for Coating Purposes (D 1312 - 
54T). The subcommittee prepared the 
proposed Tentative Methods of Test for 
Unsaponifiable Content of Alkyd Re- 
sins, and for Total Fatty Acid Content 
of Alkyd Resins. The revised Test for 
Nonvolatile Content of Resin Solutions 
(D 1259) is a combination method 
applicable to both heat-stable and heat- 
unstable resins. The results of the 
cooperative study of the foil method are 
given in Table I. 

The subcommittee also prepared the 
proposed Tentative Method for Analysis 
of Polyvinyl Butyral which was pub- 
lished as information in 1955. It is 
working on a melt procedure for use with 
heat-reactive resins, determination of 
viscosity of resin solutions using vis- 
cosity tubes, the determination of 
pentaerythritol, glycerol and ethylene 
glycol in alkyds, the determination of 
melamine in resin solutions, and the 
determination of color as a result of ester 
formation from the reaction of glycerine 
and phthalic anhydride. 

Subcommittee XII on Latex and 
Emulsion Paints (P. T. Howard, chair- 
man) is continuing its cooperative 
studies on washability and scrubba- 
bility, efflorescence, freeze-thaw  re- 
sistance, and exterior exposure tests. 
Bacterial contamination in the package 
and mildew growth on dried films are 
under study by a new working group on 
microbiological tests. A new group on 
coalescence was formed to study the 
problem of poor film formation, par- 
ticularly during application to cold 
surfaces. 
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Subcommittee XIII on Shellac (C. C. 
Hartman, chairman) will undertake re- 
vision of the values for per cent in- 
soluble matter of several grades of orange 
shellac listed in the Standard Specifica- 
tions for Orange Shellac and Other 
Lacs (D 237), and revision of the method 
for determination of acid number of 
bleached lac and bleached lac varnish 
in Tentative Methods of Testing 
Shellac (D 29 — 54 T). Further work will 
be done on determinations of the bleach 
index and bleachability of seed lac, and 
on nonvolatile matter soluble in cold 
alcohol. In its work on the International 
Committee on Lac (ISO/TC 50) the 
subcommittee has recommended ap- 
proval by the American Standards 
Association of specifications for seed lac, 
shellac, and bleached lac. 

Subcommittee XV on Specifications for 
Pigments, Dry and in Oil (C. L. Crockett, 
chairman) is working on revisions of the 
Standard Specifications for Copper 
Phthalocyanine Blue (D 963-49), and 
on revisions of the leafing tests and sieve 
requirements of the Standard Methods 
of Sampling and Testing Aluminum 
Powder and Paste (D 480-51), and 
Standard Specifications for Aluminum 
Pigments, Powder and Paste, for Paints 
(D 962 — 49). 

Subcommitiee XVI on Printing Inks 
(M. C. Rogers, chairman) has in prep- 
aration a proposed tentative method for 
determination of specific gravity of both 
paste and free-flowing printing inks. 

Subcommittee XVII on Flash Point 
(A. L. Brown, chairman) prepared the 
proposed revision of the Tentative 
Method of Test for Flash Point of 
Volatile, Flammable Materials by Tag 
Open-Cup Apparatus (D 1310-55 T). 
The subcommittee will investigate the 
determination of flash point of non- 
viscous materials in the range of 0 F 
to 60 F, and of viscous materials in the 
range of 60 F to 100 F. 


Subcommittee XVIII on Physical 
Properties of Materials (E. J. Dunn, 
Jr., chairman) prepared the proposed 
Tentative Method for Measurement of 
Dry Film Thickness of Nonmetallic 
Coatings of Paint, Varnish, Lacquer, and 
Related Products Applied to a Non- 
magnetic Metal Base, referred to earlier 
in the report. The subcommittee is 
working on a proposed tentative method 
for determination of hardness of films 
using the Tukon tester, a proposed 
tentative method of test for oil ab- 
sorption by the Gardner-Coleman pro- 
cedure, application of uniform films, 
hardness of films using the Sward-Rocker 
and the Pfund type instrument, water 
vapor permeability, rheological proper- 
ties, density and adhesion, and a method 
for measurement of film thickness of 
finishes on wood. 

Subcommittee XIX on Putty, Glazing 


and Caulking Compounds (H. L. Kelfer,. 
chairman) was organized during the , 


year. The following nine tests have been 
chosen as those which should adequately 
evaluate quality by performance stand- 
ards only: adhesion, flexibility, initial 
and ultimate set, staining into sub- 
strate, ultimate appearance, surface dry, 
slump, workability, and package sta- 
bility. Working groups have been formed 
to work on the above test procedures. 

Subcommitiee XXV on Cellulosic Coat- 
ings and Related Materials (N. C. 
Schultze, chairman) prepared the pro- 
posed Tentative Method of Test for 
Unsaponifiable Content of Tricresy] 
Phosphate, and the proposed revision of 
the Tentative Method of Test for Dis- 
tillation Range of Lacquer Solvents and 
Diluents (D1078-49T). It recom- 
mended the adoption as standard of 
the Tentative Method of Test for Non- 
volatile Matter in Lacquer Solvents and 
Diluents (D 1353 — 54 T), and the adop- 
tion of revisions in Standard Specifica- 
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tions D 330-35, D 331-35, D343 - 
35, D 363 — 49, and D 740 - 46. 

A joint group has been set up with Sub- 
committee VII on Accelerated Tests for 
Protective Coatings to revise the scope 
of Tentative Method of Test for Effect 
of Household Staining Agents on Ap- 

plied Nitrocellulose Clear and Pig- 
mented Finishes (D1308-54T) to 
include all organic coatings. Revision of 
the Tentative Method of Test for Tem- 
perature-Change Resistance of Clear 
Nitrocellulose Lacquer Films Applied to 
Wood (D 1211 — 52 T) is under wey, and 
work has been started on a test method 
for determining perspiration resistance 
of lacquers, and the modernization of 
solvent specifications. 

Subcommittee XXIX on Painting of 

Metals (A. J. Eickhoff, chairman) pre- 
pared the two proposed methods which 


REPORT OF COMMITTEE D-1 


are referred to previously in the report 
for publication as information only. 
In its work on classification of ferrous 
surfaces for painting, the subcommittee 
is considering the use of stereoscopic 
color transparencies as a means of 
showing conditions of metal surfaces. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 364 voting members; 173 
members returned their ballots, of whom 
158 have voted affirmatively and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 


W. T. PEARCE, 
Chairman. 
W. A. GLOGER, ° 
Secretary. 
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PROPOSED METHODS FOR PREPARATION OF ALUMINUM 

AND ALUMINUM-ALLOY SURFACES FOR PAINTING! 2 a 

These are proposed methods and are published as information only, == ari 

: _ Comments are solicited and should be addressed to the American _ 

Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. tS 

Scope tions, such as ambient indoor or very 


1. (a) These methods cover four types 
of treatment for preparation of aluminum 
and aluminum-alloy surfaces for paint- 
ing, as follows: 

Type A. Solvent Cleaning. 

Type B. Chemical Treatments. 

Type C. Anodic Treatments. 

Type D. Mechanical Treatments. 
These four types cover a number of 
procedures, as described herein. 

(b) Variations in surface treatment 
produce end conditions which differ, 
and which do not necessarily yield identi- 
cal results when paints are applied. 
Service conditions will dictate the type 
of surface preparation that should be 
selected, although the quality produced 
by any individual method may vary with 


different alloys. 


Type A. Solvent Cleaning 


2. Solvent cleaning does not disturb 
the natural oxide film on the metal and 
may prove adequate for some applica- 


1These proposed methods are under the 
jurisdiction of the ASTM Committee D-1 on 
Paint, Varnish, Lacquer, and Related Products. 

Publication as information only requires 
letter ballot of the appropriate subcommittee of 
Committee D-1, and approval of the chairman 
and secretary of Committee D-1. Letter ballot 
of Committee D-1 as a whole is not required. 

2 Published as information, June, 1956. 


mild service conditions. Three methods 
may be employed, as follows: 

(a) Method 1. Manual Swabbing or 
Dip-Washing, with a solvent such as 
mineral spirits or high-flash solvent 
naphtha. With this method it is ex- 
tremely difficult to prevent accumulation 
of contaminants on the swab or in the 
solvent. This method is only recom- 
mended when other treatments are 
impractical. 

(b) Method 2. Solvent Spray Cleaning, 
according to Method 1, Procedure A of 
the Method of Preparation of Steel 
Panels for Testing Paint, Varnish, 
Lacquer, and Related Products (ASTM 
Designation: D 609). 

(c) Method 3. Vapor Degreasing, in 
special equipment employing trichloro- 
ethylene vapor, according to Method 2, 
Procedure A of Method D 609. 


Type B. Chemical Treatments (see 
Note 1) 


3. (a) Method 1. Alkaline Cleaners.— 
Alkaline solutions, such as caustic soda, 
etch the metal, thus destroying the na- 
tural oxide film. They are followed by an 
acid treatment, preferably nitric acid 
or phosphoric acid. They shall not be 


31955 Book of ASTM Standards, Part 4. :.: : 
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used on assembled structures. Inhibited 
alkaline cleaners are sometimes em- 
ployed as a pretreatment to remove 
grease and oil prior to an acid treatment. 
Inhibited alkaline cleaners do not etch 
the surface. They are not generally 
recommended unless followed by a con- 
version treatment, such as described in 
Methods 4, 5, 6, or 7. 

(b) Method 2. Sulfuric-Chromic Acid 
Etch.—This treatment provides a clean 
and uniform surface without undue etch- 
ing, and is effective for removing oil and 
water stains and any film formed during 
heat-treatment. The etching solution is 
prepared by adding 1 gal of concentrated 
sulfuric acid and 45 oz of chromic acid 
to 9 gal of water. It is used at a tem- 
perature of 160 to 180 F (depending on 
the alloy and the amount of film) for 
about 5 min and is followed by a water 
rinse. This treatment produces a passive 
surface suitable for painting under mild 
to intermediate exposure conditions and 
where clear finishes are to be applied. 

(c) Method 3. Alcoholic Phosphoric Acid 
Cleaners.—This treatment involves the 
use of an aqueous solution of phosphoric 
acid (10 to 15 per cent by volume) with 
alcohol or other organic solvents, to- 
gether with wetting agents, emulsifying 
agents, etc. The solution may be applied 
by swabbing or dipping at room tem- 
perature (70 to 90 F), and should be 
allowed to remain on the surface for 
several minutes, followed by thorough 
rinsing with clean water. A very thin 
phosphate film is formed which tends to 
protect the metal and promote paint 
adhesion under mild to intermediate 
exposure conditions (see Note 2). 

(d) Method 4. Crystalline Phosphate 
_ Treatment.—This surface-coating method 
consists in reacting the aluminum sur- 
face in a zinc-acid-phosphate solution 
containing oxidizing agents and other 
salts for accelerating the coating action. 
The aluminum surface is converted to a 


finely crystalline, phosphate coating of 
the proper texture adapted to inhibit 
corrosion and increase the adherence and 
durability of any applied paint film. It is 
recommended for product finishes. The 
phosphate coating process may be car- 
ried out by immersion or spray applica- 
tion. The aluminum surface is converted 
to the phosphate coating by immersion 
in the processing solution for 30 sec to 
4 min at 125 to 140 F, or by spraying the 
solution for 10 sec to 2 min at 125 to 
160 F (see Notes 3 and 4). 

(e) Method 5. Amorphous Phosphate 
Treatment.—This process comprises 
treatment of clean aluminum surfaces 
in a warm (95 to 130 F) aqueous solution 
comprising phosphoric, chromic, and 
hydrofluoric acids or a solution thereof. 
The aluminum surface is converted to a 
thin, adherent, amorphous coating, 
iridescent green to gray-green in color, 
depending upon the aluminum alloy 
treated, which inhibits corrosion and 
increases the adherence and durability of 
applied paint films. This method is 
recommended for use under the more 
severe conditions of service, and for 
product finishes. The coating process 
may be carried out by immersion or spray 
application. The time of treatment will 
vary from 15 to 45 sec for the spray 
process, and from 30 sec to 3 min for the 
immersion application (see Notes 3 
and 5). 

(f) Method 6. Carbonate Chromate 
Treaiment.—This process comprises 
treatment in a hot (180 to 190 F) dilute 
solution of sodium carbonate and po- 
tassium chromate for periods from 2 to 
20 min, followed by a water rinse. The 
surface is then given a final treatment in 
hot 5 per cent potassium dichromate 
solution, followed by a final rinse. The 
treatment produces a thin, adherent, 
conversion coating on the surface, in 
creasing the corrosion resistance of the 
metal and promoting paint adhesion. 
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This method is recommended for use 
under the more severe conditions of 
service and for product finishes (see 
Notes 3 and 5). 

(g) Method 7. Amorphous Chromate 
Treatment.—This process comprises 
treatment of clean aluminum surfaces 
in aqueous chromic acid solutions con- 
taining suitable accelerating agents such 
as fluoride-containing materials. The 
aluminum surface is converted to an 
adherent, amorphous, mixed metallic 
oxide coating, iridescent golden to light- 
brown in color, which increases the 
corrosion-resistance and the adherence 
and durability of any applied paint film. 
This method is recommended for use 
under the more severe conditions of 
service and for product finishes. The 
coating process may be carried out by 
immersion, spray, or brush application, 
at room temperature (70 to 90 F), in 
from 15 sec to 5 min contact time (see 
Notes 3 and 5). 

(h) Method 8. Acid-Bound Resinous 
Treatment (see Note 6).—This surface 
treatment involves the use of a suitably 
applied acid-bound resinous film of 
approximately 0.3 to 0.5 mils thickness. 
The treatment is based on three primary 
components: hydroxyl-containing 
resin; a pigment capable of reacting 
with the resin and an acid; and an acid 
capable of insolubilizing the resin by 
reacting with the resin, the pigment, and 
the metal substrate. The aluminum sur- 
face should be prepared by Methods 1, 
2, or 3 of Type A (see Section 2) prior 
to the application of this treatment. 
The film may be applied by brush, spray, 
or dip. Under normal conditions it 
should dry sufficiently for recoating 
within 30 min; and within 8 hr it should 
not be softened by organic solvents com- 
monly used in paint coatings. The film 
has good adhesion to the metal substrate 
and promotes good adhesion of most 
subsequent organic coatings to itself. 
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This method is recommended for severe 
service conditions, particularly on fabri- 
cated structures, either in the shop or in 
the field. 


Type C. Anodic Treatments (see Note 7) 


4, Anodic treatment in either chromic 
or sulfuric acid electrolyte will provide a 
protective and inert oxide coating which 
increases the corrosion-resistance of the 
metal and promotes paint adhesion. 
It is recommended where maximum 
corrosion-resistance by the treatment 
itself is desired. Anodic treatments 
should not be used on assemblies of dis- 
similar metals. The two procedures are 
as follows: 

(a) Method 1. Sulfuric Acid Anodic.— 
This treatment consists in making the 
part the anode in a 15 per cent sulfuric 
acid electrolyte (by weight) and applying 
current at a potential of about 16 to 18 
v and a current density of 12 amp per 
sq ft until desired thickness of coating is 
obtained. After rinsing in cold water, the 
coating is sealed for 10 min by treatment 
in a boiling solution of 5 per cent po- 
tassium dichromate. This method is not 
recommended where danger of acid en- 
trapment is encountered. 

(b) Method 2. Chromic Acid Anodic.— 
This treatment consists in making the 
part the anode in a 10 per cent (by 


-weight) chromic acid electrolyte at a 


temperature of 100 F and applying a 
potential of 40 v for a period of 30 to 
60 min. After first rinsing in cold water, 
the coating is finally rinsed in water at 
150 F minimum, and dried; an optional 
final sealing treatment to obtain maxi- 
mum protection is obtained by immer- 
sion in a solution containing 0.01 g 
chromic acid per liter of water at a 
temperature of 208 to 212 F for 5 min. 


Type D. Mechanical Treatments 


5. (a) Method 1. Hand or Power Wire- 
Brushing, or other abrasive treatment. 
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Wire-brushing, either by hand or power, 
roughens the surface of the metal and 
mechanically improves the anchorage 
for superimposed paint films. The dis- 
advantages are that the natural oxide 
- film on the metal is disrupted and oil or 
grease films and other foreign matter are 
not completely removed. 

(b) Method 2. Sandblasting, where em- 
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ployed on aluminum or its alloys, must 
be carried out at relatively low pressures 
and with a fine silica sand. It roughens 
the surface and mechanically improves 
the anchorage for paint films, but de- 
stroys the natural oxide film on the 
metal. Where used, it should be followed 
by an inhibitive chemical treatment. 


= 
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EXPLANATORY NOTES 


Note and "procedures em- 
ployed in these methods of treatment are avail- 
able from a number of sources as proprietary 
compounds or methods. Selection may be made 
from available sources. 

Note 2.—U. S. Military Specification 
MIL-M-10578A describes a treatment of this 
type. 

Note 3.—Before applying the treatments 
according to Methods 4, 5, 6, and 7 of Type B, 
the aluminum surfaces should be freed of grease, 

oil, or other foreign material by means of the 
- procedure described in Method 3 of Type A, 
Method 1 of Type B, or any other suitable 
method. 


Note 4.—This treatment complies with the 
requirements of U. S. Military Specification 
MIL-C-490. 

Nore 5.—Most of the treatments conforming 
to Methods 5, 6, and 7 of Type B comply with 
the requirements of U. S. Military Specification 
MIL-C-5541. 

Note 6.—Materials meeting the require- 
ments of U. S. Military Specification MIL-P- 
15328 may be used to apply Method 8 of 
Type B. 

Note 7.—Treatments conforming to Methods 
1 and 2 of Type C comply with the require- 
ments of U. S. Military Specification MIL-A- 
8625 (ASG). 
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PROPOSED METHODS FOR PREPARATION OF MAGNESIUM- 
ALLOY SURFACES FOR PAINTING! 2:3 


These are proposed methods and are published as information only. - - 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa. 


Scope 


1. These methods cover two classes 
of treatment for preparation of mag- 
nesium-alloy surfaces for painting, as 
follows: 


Class I.—Chemical Treatments. 
Class II.—Anodic Treatments. 


In general, the latter treatments are 
the more protective of the two classes. 
Mechanical (abrasive) treatments, sol- 
vent cleaning, alkaline solution treat- 
ments, and acid pickles not resulting in 
protective conversion coatings are suit- 
able preliminary treatments only for 
metal to be exposed under mildly cor- 


1 These methods are under the jurisdiction 
of the ASTM Committee D-1 on Paint, Var- 
nish, Lacquer, and Related Products. Publica- 
tion for information only requires letter ballot 
of the appropriate subcommittee of Committee 
D-1, and approval of the chairman and secre- 
tary of Committee D-1. Letter ballot of 
Committee D-1 as a whole is not required. 

2 Published as information June, 1956. 

In publishing this recommended practice, 
the American Society for Testing Materials 
neither undertakes to protect anyone utilizing 
them against liability for infringement of Letters 
Patent, nor assumes any such liability; such 
publication should not be construed as a recom- 
mendation or an endorsement by the Society of 
any patented or proprietary process that may 
be involved. 

Inasmuch as no control is exercised by the 
American Society for Testing Materials over 
the manner in which the methods herein de- 
scribed are used, no guarantee is issued by the 
Society that results substantially as described 
or implied herein will be obtained. 
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rosive (indoor) exposures. When a high 
degree of corrosion protection and paint 
adhesion are desired, as in many out- 
door environments, surface preparation 
by one of the above conversion-coat 
classes is necessary (Note 1). 


Note 1: Testing of Coatings.—Quality control 
tests of coatings are frequently desirable, and 
these generally consist of exposures, with or 
without paint, to salt spray, humidity, or 
natural environments, with suitable procedures 
for assessing the degree of breakdown suffered 
after fixed time intervals. It is recommended 
that quality control tests of coatings shall be 
made as far as possible with high-purity mate- 
rial (for example AZ31A alloy)‘, the inherent 
corrosion rate of which is relatively consistent 
from batch to batch) and that precautions shall 
be taken to remove surface contamination 
before coatings are applied. Such contamination 
shall be removed by acid pickling to a depth of 
at least 0.001 in. per side. 


PRELIMINARY TREATMENT OF | 
SURFACES 


Procedure 


2. Certain anodic treatments simul- 
taneously produce conversion coatings 
on, and remove contamination from, 


4 For information concerning magnesium and 
aluminum alloys, see ASTM Specifications B 80, 
B 90, B 91, B 93, B 107, B 178, and B 209 cover- 
ing these alloys, in the section on Aluminum and 
Magnesium and Their Alloys, 1955 Book of 
ASTM Standards, Part 2. See also, in Part 2, 
the Recommended Practices for Codification of 
Light Metals and Alloys, Cast and Wrought 
(ASTM Designation: B 275). 
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magnesium-alloy surfaces. In general, 
however, conversion coatings shall be 
applied only to surfaces previously 
freed from all contamination, including 


_ oxide, rolling-scale, corrosion product, 


burned-on drawing and forming lubri- 
cant, and the contamination introduced 
by blast cleaning and fabrication opera- 
tions. Contamination in or under sur- 
face conversion coatings seriously re- 
duces their protective values (Note 2). 
For the removal of tenacious surface 
contamination, such as rolling-scale or 
casting skin, an acid pickle to dissolve 
some of the actual surface is essential. 
When organic contamination, such 
as grease or oil, is also present, an initial 
degreasing operation in solvent or in an 
alkaline degreasing solution is usually 
necessary to allow the subsequent acid to 
wet the surface. These matters are dis- 
cussed in more detail under the headings 
of the specific cleaners or treatments 
(Note 3), as follows: 

(a) Alkaline Cleaners—Oil, grease, 
and old (but not baked) chrome-pickle 
coatings are readily removed by most 
commercially available heavy-duty alka- 
line cleaners; but such cleaners are not 
suitable for removing oxide and the like, 
for which purpose acid pickles, preceded 
by alkaline cleaners, shall be used. 
Graphite lubricant and also baked 
chrome-pickle coatings shall be removed 
by a solution conforming to the follow- 
ing composition: 

Caustic soda (NaOH)............. 12 oz 

The parts shall be soaked in the above 
cleaner for 10 to 20 min at boiling-point, 


and a treatment shall follow either in 


the chromic acid-nitrate pickle de- 
scribed under Paragraph (6), Item (3) 
or, for parts machined to fine tolerances, 
in the chromic acid solution described 
under Paragraph (6), Item (/). After 
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alkaline cleaning, rinsing in water shall 
be extremely thorough. Alkaline cleaners 
may be held in plain steel tanks. 

(6b) Acid Cleaners (Note 1).—Acid 
pickling removes mill-scale, oxide, cor- 
rosion product, and the like, and shall 
be used as a preliminary treatment for 
surface conversion coatings when the 
highest degrees of surface uniformity 
and protective values are required. 
Acid cleaners are as follows: 

(1) For Sand and Permanent Mold 
Castings: 

Nitric - Sulfuric Acid Solution—A 
solution of 8 per cent by volume of 
concentrated nitric acid (HNOs) plus 
2 per cent by volume of concentrated 
sulfuric acid (H2SO,) in water (see 
Note 1(a)) shall be used at 70 to 90 F 
as a preliminary treatment for new 
sand castings and to remove the sur- 
face-contaminating effects of blast 
cleaning. The time of immersion shall 
be for about 10 to 15 sec, or until 
0.002 in. per surface is removed. The 
solution may be held in ceramic, 
rubber, synthetic rubber, or vinyl- 
lined tanks. 

Chromic Acid Solution.—A boiling 
20 per cent by weight solution of 
chromic anhydride (CrO3) in water 
shall be used to remove old chemical 
and anodic treatments, corrosion 
product, and oxide layers, without 
significant dissolution of metal and 
hence without changing the dimen- 
sions of machined parts. Immersion 
time varies from 1 to 5 min, depend- 
ing upon the condition of the surface. 
The solution may be held in lead-lined 

_ Steel or ASTM alloy No. 990A or its 

Aluminum Association equivalent, 

alloy No. 1100 aluminum tanks. 

(2) For Die Castings: 

Chromic - Nitric - Hydrofluoric Acid 
Solution.—This solution is used to 
produce a smut-free surface on die- 
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castings, without violent attack of 
the metal. The solution shall conform 
to the following composition: , 


Chromic acid (CrO;)........... 37.5 oz 
Hydrofluoric acid (60 per cent 

Nitric acid (70 per cent HNO;). 3.25 fi oz 
Water (Note 4)............0- to 1 gal 


The parts shall be immersed in the 
above solution at 70 to 90 F for 30 
sec to 2 min, or until a bright, clean 
surface is obtained. The solution may 
be held in tanks lined with synthetic 
rubber or vinyl-base materials. 

(3) For Wrought Products: 

Acetic Acid-Nitrate Solution.— 
This solution rapidly removes surface 
contamination to 0.001 in., and shall 
be used for wrought parts subse- 
quently to be finished for the maxi- 
mum protective value. The solution 
shall conform to the following com- 
position: 


Glacial acetic acid............. 25.5 fl oz 
Sodium nitrate (NaNO;)....... 6.6 oz 
gee to 1 gal 


The parts shall be immersed in the 
above solution at 70 to 90 F for 30 
sec upwards, or until a bright, clean 
surface is obtained. When heavy 
surface contamination, such as hot- 
rolled mill-scale is to be removed, 
immersion times shall be sufficient to 
remove at least 0.001 in. per surface. 
The solution may be held in No. 
990A aluminum, ceramic, or rubber- 
lined tanks. 

Chromic Acid - Nitrate Solution.— 
This solution shall be used following 
the use of the method described in 
Paragraph (a) for the removal of 
burned-on graphite lubricants from 
hot-formed parts. The solution shall 
conform to the following composition: 


Chromic acid (CrQ;).. 
Sodium nitrate (NaNO) 2 
Water (Note 4). 


The parts shall be immersed in the 
above solution at 70 to 90 F for ap- 
proximately 5 min, for the removal 

_ of graphite. 

_ Abnormally slow reaction in the 
above solution indicates that it is 
depleted and that the pH has risen to 
1.7 or higher. The solution shall be 
revivified by the addition of chromic 
acid to bring the pH back to 0.5 to 
0.7. No more than four revivifications 
shall be attempted. The solution may 
be held in ceramic, No. 990A alumi- 

num, 18-8 stainless steel, or synthetic 

: rubber-lined tanks. 


NoTE 2: Removal of Contamination by Weld- 
ing Fluxes.—When a part to be painted has 
been welded by an operation involving the use 
of flux, such flux shall be removed before the 
subjection of the part to any surface prepara- 
tion process. Such removal shall be made 
immediately by immersing the part in hot water 
with scrubbing, and finally by immersing it for 
1 hr in a boiling 5 per cent solution of sodium 
dichromate, after which the part shall be well 
rinsed. 

Note 3: Suspension of Articles for Treat- 
ment.—The use of magnesium alloy suspension 
wires is preferred for use in acid pickles in order 
to avoid objectionable contamination of the solu- 
tions through dissolution of the wire materials. 
Heavy metal contamination, particularly of 
copper, may deposit on the magnesium surface 
and lead to seriously reduced corrosion resist- 
ance. Copper suspension wires in the hot di- 
chromate solutions are not objectionable. 

Note 4: Quality of Water—In the prepa- 
ration and make-up of acid pickles, dichromate 
solutions, and hot-water rinses, precautions 
shall be taken against the use of water con- 
taminated with heavy-metal impurities, or 
excessive chlorides or sulfates. No upper limits 
can be specified at this stage for soluble im- 
purities in the water, but powdering of coatings 
and poor resistance to corrosion are known to 
result from the use of contaminated water. 
Thus, when a choice exists, water from steam 
condensate or ion-exchange-treated water shall 
be employed in preference to well water or 
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SURFACE PREPARATION 
PROCEDURES—CHEMICAL 


~ Class I, Type I (Chrome Pickle)* 


3. (a) Scope-—Class I, Type I treat- 
ment is applicable to all forms and 
alloys of magnesium except certain 
special alloys containing silver, but 
since it may remove as much as 0.0006 
in. of metal per surface, it shall not be 
used on parts machined to fine toler- 
ances. When properly applied, the 
process constitutes a good paint base, 
but rigid control is required at each 
step. The treatment is applicable to 
magnesium alloy containing inserts of, 
or attached to, other metals. 
(b) Procedure.—For wrought parts the 
bath shall conform to the following 
composition: 


Sodium dichromate 


Nitric acid (HNO;) (sp gr 1.42).... 1.5 pt 


For die-, sand- and permanent-mold 
castings the solution shall conform to 
the following composition: 


Sodium dichromate 
| 


(Na2Cr:07- 1.5 1b 
Nitric acid (HNO;) (sp gr 1.42).... 1.5 pt 
Sodium, potassium, or ammonium 

acid fluoride (NaHF:, KHFs, or 

2 oz 
to 1 gal 
For wrought products, sand, and 
permanent-mold castings the above 


solutions shall be operated at 70 to 90 F, 
and the immersion times shall be from 
1 to 2 min, the necessary time increasing 
with use of the solution. For die-cast- 
ings the parts shall be given a 15 to 30 
sec dip in water at 160 to 180 F, fol- 
lowed immediately by a 10-sec dip in 
the second of the above baths, operated 
at 120 to 140 F. Failure to preheat the 


‘ 
Wa 


5 Conforming to Class I, Type I treatments 
. are the Dow No. 1 process, the AMC “A” 
process, and the Type I process of Military 
Specification MIL-M-3171A. 
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castings results in no coating in 10 sec. 

Following immersion the parts shall 
be removed, allowed to drain for not less 
than 5 sec nor more than 30 sec, then 
washed thoroughly in cold running 
water, followed by a dip in hot water at 
160 to 180 F to facilitate drying. The 
parts shall not be allowed to drain fol- 
lowing the chromate treatment for 
more than the specified 30 sec; excessive 
drainage times result in powdery coat- 
ings of poor value as paint bases. Such 
coatings also result from the use of hot- 
water rinses, the temperatures of which 
are in excess of 180 F. The parts shall 
preferably be painted immediately after 
they are dry. The solution may be held 
in type 316 stainless steel, or ceramic 
tanks or in steel tanks lined with syn- 
thetic rubber or vinyl-base materials. 
Tanks of ASTM alloy No. 990A, or its 
Aluminum Association equivalent, Alloy 
No. 1100 aluminum are satisfactory for 
the non-fluoride-containing pickle. 

(c) Revivification of Solutions.—Slug- 
gish reaction with the metal, associated 
with pale yellow, lustrous coatings, 
indicates that the solution is depleted. 
Revivification is accomplished by the 
addition of dichromate and nitric acid, 
to raise the dichromate again to 1.5 lb 
per gal and the free nitric acid to levels 
indicated in the table below. Revivifica- 
tion shall be made when the free nitric 
acid content of the solution is depleted 
to 0.5 pt per gal (see Section 11 for 
analytical procedure) and shall take 
place once only for Mi and ZK60A 
alloys,‘ and not more than six times for 
other alloys if good paint-base proper- 
ties are desired. Excessive use of the 
solution or too many revivifications 
result in smooth, lustrous coatings not 
possessing the degree of etch necessary 
for the best paint adhesion with con- 
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ventional primers. Revivify in accord- 
ance with the following table: 


Revivification Adjust Concentration 


Number of 3 to: 


Class I, Type II (Sealed Chrome Pickle)*® 


4. (a) Scope-—Class I, Type II treat- 
ment is applicable to all types and forms 
of magnesium-base alloys, subject only 
to the limitations of the Class I, Type I 
treatment, since it is essentially the 
same process as the latter, followed by 
sealing. In protective qualities and as a 
paint base, this treatment is somewhat 
superior to that of Class I, Type I treat- 
ment under severe exposure conditions 
(Note 5). 

(b) Procedure.—Following chrome 
pickling as specified under Section 3 
and rinsing in cold water, the parts 
shall immediately be transferred to a 


boiling solution conforming to the 
following composition: 
Sodium dichromate 

Calcium or magnesium fluoride 

to 1 gal 


The parts shall be boiled in the above 
solution for 30 min, after which they 
shall be rinsed in cold running water, 
followed by a rinse in hot water at a 
temperature of not less than 160 F nor 
more than 180 F, to facilitate drying. 
Preferably the paint coating shall be 
applied immediately after the parts are 
dry. The solution may be held in a steel 
tank. 

Note 5. Causes of Defective Coatings —The 
following information is intended to provide 
guidance on the causes of the most usual de- 


fects arising in the application of either Class I, 
Type I or Class I, Type II coatings: 


® Conforming to Class I, Type II treatments 
are the AMC “L” process, the Dow No. 10 
process, and Type II treatment of Military 
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(a) Spotted Coatings are caused by ineffective 
preliminary degreasing or by the presence of 
excessive surface contamination not removed 
prior to or during the chrome pickling treat- 
ment, or both. 

(b) Nonadherent Powdery Coatings are caused 
by: 

(1) Too long an interval between removal 
from the chrome pickle and rinsing, 

(2) Ratio of acid to sodium dichromate 
too high, 

(3) Temperature of the solution or of the 
hot-water rinse too high, 

(4) Metal improperly degreased, or 

(5) Solution revivified too many times. 


Class I, Type III’ 


5. (a) Scope-—Class I, Type III 
treatment is applicable to all types and 
forms of magnesium-base alloys except 
M1 alloy* and certain rare-earth alloys 
similar to EK30A.‘ It produces in itself 
no appreciable dimensional change and 
is, therefore, applicable to parts ma- 
chined to fine tolerances. The treat- 
ment is applicable to magnesium con- 
taining inserts of, or attached to, other 
metals, but in such cases the preliminary 
treatment (Paragraph (0)) shall be in 
the bifluoride bath (Solution No. 2) 
described in Paragraph (6), Item (2) 
(Note 6). 


Note 6: Causes of Defective Coatings.— 
The following information is intended to pro- 
vide guidance on the causes of the more usual 
defects arising in the application of coatings 
from the Class I, Type III treatment. 

(a) Nonadherent Powdery Coatings are caused 
by: 

(1) Over-dilution of the hydrofluoric acid 
or acid fluoride solution, 

(2) Low pH (less than 4.0) of the di- 
chromate solution, 

(3) Insufficient precleaning of the metal 
surface, and 

(4) Direct contact between the steel tank 
containing the dichromate solution and the 
article being treated. 


7 Conforming to Class I, Type III treat- 
ments are the AMC “'G”’ process, the Dow No. 7 
process, and the Type III treatment of Military 
Specification MIL-M-3171A. 
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(b) Failure to Coat and Nonuniform Coatings 
are caused by: 

(1) High pH of the dichromate solution, 

(2) Low concentration of the dichromate, 

(3) Insufficient precleaning of the metal 
surface, 

(4) Omission of fluoride treatment, 

(5) Use of an unsuitable alloy for the 
treatment, for instance, M1 alloy, 

(6) Excessive immersion time in the 
hydrofluoric acid solution or use of an H2F: 
concentration in the dichromate solution in 
excess of 0.2 per cent, 

(7) Insufficient rinsing after the hydro- 
fluoric acid dip, and 

(8) Insufficient heating of the dichromate 
solution (minimum temperature should 
be 200 F). 


(b) Procedure-—Following cleaning as 
prescribed in Section 2, the parts shall 
be treated first by immersion at 70 to 
90 F in one or other of the following 
solutions: 


(1) Solution No. 1: 
Hydrofluoric acid (60 percent 
24 fl oz 


Water (Note 4)............ to 1 gal 
i 
(2) Solution No. 2: 
Sodium, potassium, or ammo- 
| nium acid fluoride (NaHF:, 
' KHF:, or NH«HF?)....... 624 oz 
Water (Note 4)............ to 1 gal 


Solutions No. 1 and No. 2 may be held 
: tanks consisting of steel lined with 
lead or rubber. 

In solution No. 1, AZ31A and AZ31B 
alloy parts‘ shall be immersed for from 
30 sec to 1 min; all other alloys shall be 
immersed for 5 min. In solution No. 2, 
all the alloys shall be immersed for 5 

min. Solution No. 2 is suitable for use 
with all forms of magnesium alloys 
except those castings which have not 
been acid-pickled after blasting; these 
castings shall be treated in the hydro- 
fluoric acid solution (solution No. 1). 

Following one or other of the above 
treatments, the parts shall be rinsed 
thoroughly in cold running water and 
transferred to a solution conforming to 
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the following composition: 


Sodium dichromate 
(NagCr20;-2H2O).......... 

Calcium or magnesium fluoride 
(CaF: or MgF3)........... 14 oz 

Water (Note 4)............. to 1 gal 


1 to 1.5 lb 


The above solution shall be operated at 
boiling-point and the parts shall be 
immersed therein for 30 min, following 
which they shall be thoroughly rinsed 
in cold running water, followed by a 
hot-water dip to facilitate drying. Pref- 
erably, the paint coating shall be ap- 
plied as soon as possible thereafter. 
A mild-steel tank is suitable for holding 
the above solution. 


(c) Maintenance of Solutions: 

(1) Fluoride Solutions—The con- 
centration of free hydrofluoric acid 
in the solutions of Paragraph (8), 
Items (/) and (2) shall be kept con- 
stant by the addition, as required, of 
either hydrofluoric acid or acid 
fluoride, respectively. See Section 9 
for the analytical procedure. 

(2) Dichromate Solution—The pH 
of the dichromate solution shall be 
kept within the limits 4.0 to 5.5, or 
4.0 to 4.8 in the case of AZ31A or 
AZ31B alloy,‘ by addition of chromic 
acid as required. The level shall be 
maintained by the addition of water. 
The solution shall be maintained 
saturated, with respect to either 
magnesium or calcium fluoride, by 
continuous immersion of a cloth bag 
containing excess of one or other of 


these compounds. 
SURFACE PREPARATION 


PROCEDURES—ANODIC 


Class II, Type I (Galvanic Dichromate 
Treatment)® 


6. Scope-—This treatment pro- 


* Conforming to Class II, Type I treatment 
are the AMC “K” process, the Dow No. 9 
process, and Type IV treatment of Military 
Specification MIL-M-3171A. 
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duces black coatings of good protective 
and paint-base qualities, and is ap- 
plicable to all alloys and forms of mag- 
nesium, including M1 alloy,‘ with or 
without attachments of other metals. 
No appreciable dimensional change 


at results, and hence the treatment is also 

be applicable to articles machined to fine 

ng tolerances. 

ed (b) Procedure.—Following cleaning as 

ie prescribed in Section 2, the articles 

ef- shall be treated in fluoride solution No. 1 

ap- or No. 2 as prescribed in Section 5(d). 

on The latter solution shall be used when 

Ing other metals are attached to the mag- 
nesium. After rinsing, the articles shall 
be immersed in a solution conforming to 

on- the following composition: 

cid Ammonium sulfate ((NH4)2SO4). 4 oz 

(b), Sodium dichromate 

on- (NagCr207-2H,0). .. 408 
Ammonia (NH,OH) (sp gr 0. 880). 14 fl oz 

, of 1 gal 

icid 

a) The above solution shall be operated at 
120 to 140 F. The articles shall be made 

pH the anodes in the solution, with the 

be tank, if of mild steel, acting as cathode, 

, or or with separate steel cathodes if the 

or tank is lined with nonmetallic materials. 

mic No separate generator is necessary, but 

be the magnesium parts must be electri- 

iter. cally connected with the tank, or with 

‘ned the separate cathode plates through an 

ther external connection, care being taken 

by that the parts do not make direct con- 
bag tact with the cathode material. 
r of The time of treatment shall be such 


that a uniform black coating is obtained 
on the articles. This takes from 10 to 30 
min, and the consumption of from 70 
to 150 amp-min per sq ft. An anodic 


nate current density of not more than 10 
amp per sq ft is desirable. 
~e Following the treatment the parts 
P shall be rinsed thoroughly in cold run- 
ment ning water, followed by a hot-water "dip 
stad to facili d 7 
litary acilitate drying. 


(c) Maintenance of Solutions: 7 
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(1) Fluoride Solutions-——The flu- 
oride solutions shall be maintained as 
under Section 5(c), Item (1). See 
Section 9 for the analytical procedure. 

(2) Sulfate - Dichromate Solution.— 
The pH of this solution shall be main- 
tained between 5.6 and 6.2 by periodic 
additions of a solution containing 5 
per cent by weight of both chromic 
anhydride (CrO3;) and concentrated 
sulfuric acid (H2SO,, sp gr 1.84). 


Class II, Type II’ 


7. (a) Scope——This treatment is 
plicable to all forms and alloys of mag- 
nesium. Many aluminum alloys will 
anodically polarize in the treatment 
solution, and hence magnesium parts 
with aluminum attachments or inserts 
can be anodized. With aluminum alloys 
containing copper, however, the coat- 
ing of the magnesium will proceed only 
if the area of the aluminum alloy is 
small compared to that of the mag- 
nesium. Metals other than aluminum 
or its base alloys shall not be in contact 
with the magnesium. 

(b) Coating Properties—The anodic 
coating consists of two phases: the 
first-formed phase is greenish-tan in 
color and about 0.0002 in. thick; where- 
as the second phase, formed only at 
higher voltages following the production 
of the tan coating, is fused and vitreous 
in nature, dark-green in color, and of 
thickness about 0.0012 in., causing a 
dimensional increase of about 0.001 in. 
per surface. The corrosion-resistance 
and paint-base characteristics are simi- 
lar, and excellent for both the above 
phases. The thicker coating possesses 
high abrasion resistance, but spalls 
under compression deformation. The 
dark-green coating can be partially 
impregnated with low-viscosity, pene- 
trating, organic coating materials, a 


~~ 


® Conforming to Class II, Type II treatment 
is the Dow No. 17 process. 
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procedure that considerably reduces its 
spalling tendency (Note 7). 
Note 7.—The dark-green coating of Class 
II, Type II treatments is recommended in 
preference to the thin tan coating only when: 
(a) Preliminary removal of surface con- 
tamination is not convenient. 
(b) The highest degree of abrasion-resistance 
is required from the coating. 
(c) A dimensional increase (see above) can 
; be tolerated. 
(d) The article will not be subjected in 
_ service to impact, deformation, or flexing likely 
to cause spalling of the coating. 


(c) Procedure——The thin tan coating 

is formed with a current consumption 
and in a time approximately one quarter 

of that required to form the dark-green 
Beings. The latter forms only after 
the voltage across the solution has 
Teached the spark potential. During 
the ensuing coating formation, surface 

contamination, including graphite, is 
concurrently removed. Thus, articles 
intended to receive the dark-green 
coating need not first be cleaned. On 
the other hand, the formation of the 
thinner tan coating does not concur- 

rently remove surface contamination. 

Since such contamination can seriously 
reduce corrosion resistance, it is man- 
: datory that a preliminary cleaning, 
including acid pickling (Section 2(6)) 
shall be given to articles intended to 
receive the lower-voltage tan coating. 

Parts shall be racked, cleaned as 

‘ appropriate (see above), and anodized 
either by direct or alternating current 
in an electrolyte conforming to one of 

the following compositions, respectively: 


Direct Alternating 
Current Current 
Ammonium acid flu- 
oride (NHyHF2)...} 32 oz 40 02 
Sodium dichromate 
13.3 oz 13.3 oz 
Phosphoric acid (85 
per cent HI;PO;)...| 11.5 fl oz 11.5 fl oz 
Water (Note 4).....| to1 gal | tol gal 
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The temperature of the solution shall 
preferably be from 160 F to 180 F. It 
will not operate below 140 F, but tem- 
peratures higher than 180 F do not 
deleteriously affect the results. After 
anodizing, the parts shall be rinsed in 
running cold water, followed by a short 
immersion in hot water, or by treatment 
with hot air, to facilitate drying. Pref- 
erably, the paint coating shall be ap- 
plied immediately after the parts are 
dry. 

(d) Power Requirements——A current 
consumption of from 50 to 500 amp-min 
per sq ft is necessary, according to both 
the composition of the alloy being 
treated and the type of coating desired. 
Thus, in the case of the dark-green 
coating on AZ31 alloy, for a 10-min 
treatment with alternating current, a 
current density of 30 amp per sq ft is 
applied; but greater or lesser currents 
may be utilized by varying the time of 
treatment as, for example, application 
of 50 amp per sq ft for 6 min. On the 
other hand, for the same alloy, the 
thin tan coating may be applied with 
alternating current, with a current 
consumption of 75 amp-min per sq ft, 
equivalent to a treatment time of only 
13 min at 50 amp per sq ft. As the 
coating forms, the resistance of the cir- 
cuit increases, and consequently the 
voltage must be increased to maintain 
a constant current density. Normally 
the voltage across the bath will reach 
from 75 to 95 for the dark-green coating 
(according to alloy composition) and 
from 60 to 75 for the thin tan coating. 
In carrying out the treatment, a con- 
stant current control is a considerable 
advantage, inasmuch as the total treat- 
ment time can be preset and manual 
control of the voltage and current then 
become unnecessary. 

As guides to the current consumptions 
with various alloys, some data are pre- 
sented in Table I. It will be appreciated 
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that rigid current consumptions in the 
formation of the thin tan coating can- 
not be specified, since this coating can 
be varied in thickness considerably 
between say 0.0001 in. and 0.0005 in., 
and still be formed below the critical 
spark potential at which the dark-green 
vitreous coating begins to develop. 

(e) Solution Control—With depletion 
of the bath upon use, the final voltage 
required to impress the above currents 
on the article will slowly rise, but even 
for the full green coating at least 20 sq 
ft of surface can be treated per gallon 
of solution before any change in the 
final voltage is experienced; and up to 
40 sq ft per gal can be treated before 


phoric acid, a concurrent addition shall 
be made of ammonium acid fluoride, 
equal to three times the weight of 
sodium dichromate added. Secondly, if 
pitting of the articles should occur under 
treatment, it is an indication that the 
fluoride content of the solution is too 
low, and about 5 oz per gal of ammo- 
nium acid fluoride shall then be added 
in order to relieve the trouble. 

(f) Tank and Rack Materials.—Mild 
steel is suitable for tanks and heating 
coils. Other metals, such as copper, 
aluminum, lead, zinc, monel, and stain- 
less steels are attacked by the elec- 
trolyte. When direct current is used 
the tank itself can be the cathode, but, 


TABLE I.—_CURRENT CONSUMPTION WITH VARIOUS ALLOYS. 


Alternating Current Direct Current 
Alloy Voltage Amp-min per sq ft Voltage Amp-min per sq ft 

Dark- Thin Dark- Thin Dark- Thin Dark- Thin 

Green Tan Green Tan Green Tan Green Tan 

Bee. OF BD... i008: 90 70 300 75 95 75 190 50 

90 68 400 95 72 300 

es ag alxirays 80 68 600 100 84 72 400 70 

75 64 480 80 69 280 
75 64 600 80 69 400 
90 70 =| 400 95 75 300 
EN 85 70 | 300 90 75 190 


revivification of the solution becomes 
necessary. 

Prior to revivification, analyses shall 
be made for dichromate and phosphoric 
acid (see Sections 10 and 12), and dif- 
ferences so shown from the original 
composition shall be made up by addi- 
tions of sodium dichromate and phos- 
phoric acid. 

A simple method for the determina- 
tion of fluoride in the solution is not 
yet available. The fluoride concentra- 
tion, however, is not critical, provided 
it always exceeds minimum concentra- 
tion, below which pitting of the articles 
may ensue during their treatment. 
When revivifications are made by addi- 
tions of sodium dichromate and phos- 


when alternating current is used, at 
least two magnesium parts are neces- 
sary, of area ratios not more than 3 to 1, 
each one serving as electrode. The 
articles shall not contact the tank, 
otherwise pitting will ensue. 

Racks shall be normally made of 
magnesium alloy, but aluminum alloys 
containing magnesium, such as ASTM 
alloy No. GR20A, or its Aluminum 
Association equivalent, alloy No. 5052, 
can be used if desired, provided they are 
not allowed to be in the solution on open 
circuit. A spring clip with magnesium 
ends shall be used for providing contact 
with thin sheet material, the liquid level 
not being allowed to extend beyond the 
limit of the magnesium ends of the clip. 
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No solution-line attack is experienced on 

- magnesium. Magnesium racks may be 
stripped by immersion for 2 min in hot 
20 per cent chromic acid solution or by 
immersion at room temperature for about 

8 min in the chromic acid - nitrate 
solution bath described in Section 2 (0), 
Item (3). 


Class II, Type II” 


8. (a) Scope.—This treatment is appli- 
cable to all forms and alloys of mag- 
nesium, free from attachments or inserts 
of other metals. 

(b) Coating Properties—The anodic 


coating consists of two phases: The first- 
_ formed subcoating phase is a light tan in 
color, and causes a dimensional increase 
of about 0.0002 in. per side; the second 
and thicker phase, formed at higher 
voltages, is dark brown and causes a 
dimensional increase of from 0.001 in. 
~ to 0.0012 in. per surface. The paint-base 
characteristics are similar, and excellent 
for both the above phases. 
The dark-brown coating is hard and 
highly abrasion-resistant, but it spalls 
under compression deformation and its 
formation can cause a loss of fatigue 
strength of the metal. Such loss is 
negligible with metal of thickness 0.1 in. 
or over, rising to 3 per cent and 9 per 
cent for thicknesses of 0.094 in. and 
0.040 in., respectively, all under reversed 
bending and corrected for coating thick- 
ness. No loss of fatigue strength arises 
from application of the thin tan coating, 
and neither is this coating subject to 
spalling. 
(c) Procedure——Parts shall be racked 
and cleaned with hot alkaline cleaner 
(Section 2 (a)) or chromic acid (Section 
2 (b), Item (1)), or both, as appropriate, 
and anodized with alternating current in 
_an electrolyte conforming to the follow- 
composition: 


1 Conforming to Class II, Type III treat- 
- ment is the HAE process. 
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18 to 20 oz 


Potassium hydroxide (KOH)..... 
Aluminum hydroxide (Al(OH);) 

soluble in hot KOH solution 

Potassium fluoride (K2F2)....... 4.5 0z 
Trisodium phosphate (Na3PQ,)... 4.5 oz 
Potassium manganate (K2MnO,) 

(Note 9)........ 
Water (Note 4)................ to 1 gal 


The constituents of the electrolyte shall 
be dissolved in the above order, The 
temperature of the electrolyte shall be 
maintained between the range 77 to 
100 F. 


Norte &.—If an exceptionally hard, abrasion- 
resistant dark-brown coating is desired, the 
aluminum hydroxide in the above electrolyte 
shall be increased to 6 to 7 oz per gal. 

Note 9.—Potassium manganate (K2MnO,) 
in the above electrolyte may be replaced with 
an equal weight of potassium permanganate 
(KMnO,), but in such case the permanganate 
shall be completely dissolved in water before 
it is added to the solution and an additional 
1} oz of potassium hydroxide shall also be 
added. During operation of the bath, the per- 
manganate is slowly reduced to manganate, 
complete conversion taking place after a metal 
area of approximately 2 sq ft per gal of electro- 
lyte has been treated. 


(d) Post-Treatment.—After the elec- 
trolytic treatment, the parts shall be well 
rinsed in water and immersed for 1 min 
at room temperature in a solution con- 
sisting of 2.7 oz of sodium dichromate 
(Na2Cr.0;-2H.O) and 13.3 oz of am- 
monium bifluoride (NH,HF>2) per gallon 
of solution. Following the immersion, the 
parts shall be removed and dried without 
rinsing. Painting shall follow at any 
convenient time after the parts have 
dried. 

(e) Power Requirements.—The practi- 
cal range of current density is from 15 to 
20 amp per sq ft, with voltages rising to 
from 70 to 86 (depending on alloy) for 
the hard brown coating and to 58 v for 
the thin tan coating. In this current 
density range, the terminating voltage is 
reached in from 45 to 60 min for the 
hard brown coating and in 10 min or 
less for the thin tan coating. The voltage 
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shall be raised quickly from zero to 40 
or more, and the current then adjusted 
and retained at the density desired. 
Normally the voltage will rise to 55 or 
more within 1 min, but as the coating 
forms, the resistance of the circuit in- 
creases and the voltage must be raised 
continuously to maintain the desired 
current density (Note 10). 


Note 10.—If, at low initial voltages, the 
current remains high and coating formation 
does not proceed, a “surge” current shall be 
imposed by rapidly raising the voltage to 40, 
followed by immediately lowering it to zero. 
The voltage shall then be adjusted in the normal 
manner to maintain the desired current density. 


(f) Solution Control—The operating 
life of the electrolyte is extremely long, 
and under normal conditions of use it 
need never be discarded. Manganate and 
aluminate deplete slowly with use, 
whereas the depletion of fluoride and 
phosphate is extremely slow. 

In the case of the dark-brown coating, 
a lightening of the normal color indi- 
cates a depletion of manganate in the 
solution, and additions shall then be 
made of 1 oz of potassium manganate 
plus 1} oz of aluminum hydroxide for 
each gallon of solution. The aluminum 
hydroxide shall be added after first 
dissolving it in a solution containing a 
weight of potassium hydroxide equal to 
that of the aluminum hydroxide to be 
added. 

A rough coating indicates either a low, 
or an excessively-high, alkalinity in the 
electrolyte. The alkalinity shall be 
maintained between 10 and 12 per cent 
free KOH, as determined by the method 
described in Section 13. 

(g) Tank and Rack Materials —Plain 
black iron is suitable for tanks and 
cooling coils. Suspension of the parts 
shall be by magnesium-base alloy clips 
or the like and at the solution level these 
shall be protected by electroplaters’ 
vinyl tape. Magnesium racks may be 


_ PREPARATION OF MAGNESIUM-ALLOY SURFACES FOR PAINTING 259 


stripped of coating when necessary by 
immersion in hot 20 per cent chromic acid 
solution (Note 11). 

Parts to be treated shall be divided 
into two batches each of approximately 
the same surface area. Each of the 
batches shall be racked and connected 
electrically to one or other of the inlet 
terminals of the power supply so that the 
magnesium parts constitute both elec- 
trodes of the electrolysis bath (Note 12). 


Note 11: Safety Precautions.—Consideration 
should be given to the health hazards associated 
with the procedures covered by this specifica- 
tion. Precautions must be taken to avoid skin 
contact with any of the solutions involved, and 
to avoid inhalation of vapors, fumes, or spray 
arising therefrom. Baths containing dichromate 
or fluoride shall be fitted with exhausts to 
remove all spray arising therefrom. 

Note 12: Repair Treatments.—Pretreatment 
films that have been damaged shall be repaired 
before painting. Repair shall be effected by one 
of the treatments below. The phosphate touch-up 
solution of Paragraph (6) below necessitates 
special preparation, whereas a chrome pickle 
solution is often already available. Neverthe- 
less, for brush-on treatment, the phosphate 
solution possesses the advantages of being 
nontoxic and nonirritant. 

(a) Chrome Pickle Repair Treatment.—The 
chrome pickle solution for Class I, Type I 
treatments (for wrought parts) shall be copiously 
and continuously applied to the damaged area 
by brush for at least 1 min. The treated surface 
shall then be thoroughly flushed with water 
and, when dry, rubbed vigorously with a clean 
dry rag to remove loose powdery matter which, 
if allowed to remain, would deleteriously affect 
the adhesion of superimposed paint. 

(b) Phosphate Repair Treatment.—A solution 
shall be used conforming to the following com- 
position: 


Monoammonium phosphate 


16 oz 
Ammonium sulfite 
((NH,4)2S0;- 4 oz 
Butyl cellosolve............ 13 to 20 fl oz 
Water (see Note 4)........ 1 gal 


The above solution shall be applied copiously 
to the damaged area by brush in sufficient — 
quantity to keep the surface wet for at least — 
1 min, or until a medium to dark-gray con- 


tinuous coating is formed. The treated metal — 
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surface shall then be well flushed with water 
and allowed to dry before the paint is applied 


ANALYTICAL PROCEDURES 


Fluoride Solutions 


9. This method is applicable to the 
relevant baths of Class I, Type III 
(Section 5) and Class II, Type I (Section 
6) treatments. The concentrations of 
both hydrofluoric acid (HF) and bi- 
fluoride shall be determined by titration 
with 1 N sodium hydroxide (NaOH) 
solution, using phenolphthalein as indi- 
cator. 

(a) Maintain the hydrofluoric acid 
solution described in Section 5 (6) by 
additions of fresh acid to give a titration 
of between 10 and 20 ml of 1 V NaOH 
solution per 2 ml of sample. Maintain 
the bifluoride solution described in 
Section 5 (6) so that 10 ml thereof gives a 
titration of 4.5 to 5.5 ml of 1 VN NaOH 
solution. 

(6) For the hydrofluoric acid the 
sample shall be drawn into a wax-lined 
pipet, discharged therefrom into at least 
- 100 ml of distilled water, and titrated 
immediate A rubber bulb, or a length 

of rubber tubing fitted to the suction 
end of the pipet, shall be used in drawing 
the sample into the pipet. 


4 


Dichromate Solutions 
10. This method is applicable to 
solutions of the following treatments: 
Class I, Types I, II, and III; and Class 
II, Types I and II (Sections 3, 4, and 5; 
and Sections 6 and 7, respectively). 

(a) Add 1 ml of the dichromate solu- 
tion concerned to 150 ml of distilled 
water, and mix therewith 5 ml of 
concentrated hydrochloric acid (HCl, 
sp gr 1.19) and 5 g of potassium iodide 
(KI). After at least 2 min, titrate the 
liberated iodine in the solution with 

0.1 N sodium thiosulfate (Na2S.03) 
solution using starch as an _ internal 


indicator. 


Report oF CommitTEE D-1 (AppenpIx II) 


(b) Calculation: rep Fy 
- 


A X 0.0415 = B 
hia 


where: 
A 


milliliters of 0.1 N NaeS.O; solu- 
tion, and 


pounds per gallon of sodium di- 
chromate (NaeCr.0;-2H,0). 


B 


Nitric Acid Solution 


11. This method is applicable to Class 
I, Types I and II treatment solutions. 

(a) Mix 50 ml of distilled water with 
1 ml of the solution in question, and 
titrate the mixture with 0.1 NV sodium 
hydroxide (NaOH) solution to a pH of 
4.0 to 4.05, using a pH meter with a glass 
electrode. 

(6) Calculation: 


A X 0.0505 = B sO 


om! 


where: 


A = milliliters of 0.1 N NaOH solution, 
and 

pints per gallon of nitric acid 
(HNO;). 


B 


Phosphoric Acid Solution 


12. This method is applicable to the 
Class II, Type II treatment solution. 
The phosphoric acid is precipitated as 
ammonium phosphomolybdate, which is 
dissolved in an excess of sodium hy- 
droxide, such excess being titrated with 
standard acid. Interference from fluoride 
is prevented by converting it to fluo- 
borate, by addition of boric acid. 

(a) Molybdate Reagent.—Prepared as 
follows: mix 118 g of 85 per cent 
molybdic acid (H2MoO,) with 400 ml of 
distilled water, add 80 ml of ammonium 
hydroxide (NH,OH) solution (sp gr 
0.880) with stirring, and filter when 
solution is complete. Slowly pour the 
filtrate, with stirring, into a cold mixture 
of 400 ml of concentrated nitric acid 
(HNOs, sp gr 1.42) and 600 ml of water. 
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Allow the solution to stand over night, 
and filter. 

(b) Procedure.—Dilute a 14-ml weighed 
sample of the solution under examination 
to 500 ml, and then further dilute 50 ml 
of this diluted solution to 500 ml. Then 
again dilute 25 ml of the. latter solution 
to 100 ml, and add 10 g of ammonium 
nitrate (NH4NO;), 1 g of boric acid 
(H;BO;), and 15 ml of concentrated 
nitric acid (HNOs, sp gr 1.42). Heat the 
mixture to 104 F and slowly add 40 ml 
of molybdate reagent. Allow the resulting 
precipitate of ammonium phospho- 
molybdate to stand for 30 min, and then 
filter through a fine-texture, low-ash 
paper." Wash the precipitate free from 
acid by means of a 1 per cent solution 
of potassium nitrate (KNO;), and mix, 
together with the filter paper, with an 
excess of 0.1 N sodium hydroxide 
(NaOH) solution, using phenolphthalein 
as indicator. Titrate the excess of NaOH 
with 0.1 N hydrochloric acid (HC1). 

(c) Calculation: * 


Phosphoric acid (H;PO,), per cent = _ 
A-B 


X 0.426 


it 


where: 
A = milliliters of 0.1 NY NaOH solution, 


1 Whatman No. 42, or equivalent, paper has 
been found satisfactory for this purpose. 


B 
C = grams of sample i in aliquot. 


Free Alkali 


13. This method is applicable to the 
Class II, Type IIT solution. Manganate, 
fluoride, and phosphate are precipitated 
by barium nitrate addition, and the 
filtrate therefrom is titrated with 
standard acid. 

(a) Pipet a 2-ml sample of the solution 
under examination into a 25-ml glass- 
stoppered graduated cylinder, followed 
by addition of 10 ml of 0.25 N sodium 
hydroxide (NaOH) solution and 0.5 g of 
barium nitrate (Ba(NOs;)2) crystals. 
Shake this mixture vigorously for 1 min, 
filter through a medium-texture, low- 
ash paper,” and wash the precipitate 
free from alkali, preserving all filtrate. 
Using a pH meter with a glass electrode, 
titrate the free alkali in this filtrate to pH 
10.5, with 0.25 N hydrochloric acid 
(HCl). 

(b) Calculation: 


Potassium hydroxide, per cent = 
2808 x (4 = 2-5) 


2 Whatman No. 40, or equivalent, paper has 
been found satisfactory for this purpose. 
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where: 


A = milliliters of acid used. 
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APPENDIX III 


SUMMARY OF COOPERATIVE DATA ON STUDY OF METHOD OF TEST 
FOR FLASH POINT OF VOLATILE FLAMMABLE MATERIALS 
BY TAG OPEN CUP APPARATUS (D 1310-55 T)' 


Jury, 1954, ro FEeBRuARY, 1956 


Data reported in February, 1955, 
showed differences between laboratories 
sometimes as large as 10 F which were 
difficult to explain. These corrected data 
are shown in Table I. The magnitude of 
the correction in column 6 shows the 
degree of difficulty as it appeared in 
February, 1955. A program of inter- 
laboratory visitation was planned to find 
out whether apparatus, operator, or loca- 
tion (drafts, etc.) was causing the diffi- 
culty. The data given in Table II show 
that apparatus is the important variable. 


Since the height of the taper above the 
cup seemed important, one laboratory 
equipped a tester with a micrometer ad- 
justment for the level of the swing arm. 
Using this equipment, the data in Table 
III were obtained which show that 
increasing the height of the taper by 
0.01 in. can increase the flash by 1.3 
to 2.0 F. 

The evidence in Tables II and III 
made it unlikely that it would be prac- 
tical to seek improvement in apparatus 
by closer manufacturing tolerances. 


TABLEI.—FLASH POINT DATA BY REVISED METHOD D 1310.4 
Reported February to March, 1955. 


Shell—Houston.................. 91 0 | 73 +1/91 +1/31 18 
92 +1 | 71 —1|92 +2)27 21 
91 +0 | 71 0| 91 +1 | 27 0| +3 20 
Carbide and Carbon’.............. 

Bur. of Explosives................ 92 -—2/|89 —1 —0.5 22 

Standard Deviation............... 1.1 1.6 as 


* Revised procedure based on p-xylene = 92 F flash, isopropy! alcohol = 71 F flash, and average 


correction term. 


> Spread of 14 between p-xylene and isopropyl! alcohol is less limit of 15 suggested in proposed 
revision. Omitted in calculating average difference between standards. -_ 
¢ Data omitted since the difference between flash of p-xylene and isopropyl] was only 6 F. 
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TABLE II.—COMPARISON OF APPARATUS, OPERATORS, AND LOCATIONS. 
| 
I Butyl 
p-Xylene Alcohol | ‘Acetate 
Bur. of Bur. of Bur. of 
S 
Carbide | Sun Oil | Hercules | Bakelite |Explo-|Explo-| |Explo-| 
Operator | Operator | Operator | Operator } Btn Oper- = €S | Oper- 
| Per-) ator 
ator tor = ator 
Carbide Tester, Swing | 100 972 98° 98° 1008 
Arm Type 982 972 
96° 98° 
96¢ 
e 100¢ * 
Sun Oil Tester, Swing} 94° 90 g2b 70* 
Arm Type 932 70* 88* 
le 940 
94 b¢ 
it 
3 92" © 
> 
Hercules Tester, Swing | 100% 98° 
Arm Type 100°¢ 
1S Bakelite Tester, Swing | 106% 99¢/ 
Arm Type 92¢0 
96° Q7¢bh 
Q4¢bh 
Bur. of Explosives Tester 96' | 68* 90" y- 
= (Old Model, no swing 92* | 72% 92* 
arm) iy 96* 
rds 90* 


* Determined at Marcus Hook. 
+ Carbide leveling device used and taper adjusted to same level as that on Carbide tester. | 
© Determined at Wilmington. 
4Sun Oil tester except that glass cup from Carbide tester was used. 
* Determined at Bound Brook. 
‘ Determined in the same manner and with the equipment in the same condition normally used at 
Bakelite. 
9 During these determinations, the operator was not sure that the glass cup was level. 
4 Technique used conformed more nearly to procedure as written. 
* Determined at Bureau of Explosives Lab., South Amboy, first visit. 
* Determined at Bureau of Explosives Lab., South Amboy, second visit. 
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Calibration with standard liquids seemed 
a good way of canceling out apparatus 
variables and also the effect of altitude. 
Flash points as determined at sea level 
(Bureau of Explosives Laboratory, 
South Amboy, N. J.) have been ac- 
cepted for many years as controlling in 
the classification for interstate shipment 
of flammable or non-flammable liquids. 
p-Xylene and isopropyl alcohol were 
chosen as standards since one is about 
10 F higher and one about 10 F lower 
than the 80 F dividing line between 
flammable and non-flammable liquids. 

Based on the cooperative work, 
p-xylene has been assigned a value of 
92 F flash and isopropyl alcohol 71 F 
flash; average 81.5 F. The average value 
shown by the Bureau of Explosives 
Laboratory on these two compounds 
(Table II) is 81.7 F. The new standards 
adhere to the level of results established 
by the Bureau of Explosives. 

The data given in Tables I and IV have 
been corrected on the basis of the stand- 
ard values for p-xylene and isopropyl 
alcohol. For materials other than the 
standards flashing in the range 60 to 
110 F, the standard deviation for re- 
peatability (1956 data) is in the range 
2.7 to 3.3, and the maximum spread 
between laboratories is not over 10 F. 
Below 60 F, larger deviations are shown. 

Table IV also gives standard devia- 
tions for repeatability (one laboratory) 
which comes out in the range 0.9 to 
2.9 F. 


TABLE III.—DIFFERENCES IN TAPER 
HEIGHT ABOVE CUP. 


Distance o f Taper Flash Point, deg Fahr 
?-Xylene Butyl Acetate 
80 84 
= 92 96 
96 106 
102 117 
102 126 
1.3 F per 2.0 F per 
0.01 in. 0.01 in. 


* Data obtained by Carbide and Carbon Co., 
with micrometer adjustment on taper. 


The improvements made in the last 
year bring all the cooperative data within 
the stated precision limits of the method. 
No change in the wording of the precision 
section is recommended this year except 
in the note relating to the effect of 
barometric pressure. 

Tables I, II, ITI, and IV are presented 
in support of the recommended revisions 
of Method D 1310.! 

Data support the conclusion that dif- 
ferences in equipment are more impor- 
tant than differences between operators 
or locations. 

Data show that very small differences 
in taper height above cup has a large ef- 
fect on flash. 

Tables III and IV support the conclu- 
sion that calibrating liquids must be used 
to eliminate differences between equip- 
ment. 


11955 Book of ASTM Standards, Part 4, 
p. 425. 
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TABLE IV.—COOPERATIVE DATA—JULY, 1955, TO FEBRUARY, 1956. 
Tag Open Cup Flash, D 1310 Revised.* 


> 
ara- i len 
Laboratory xylene | propyl | | Benzene | Toluene | | | A 
3/33 
SAM! 6 
|” n a 
94 —2/88 —5/83 0| 54 —1)107 —4/—3) 25) 1.3 | 26 
91 +1/93 0\80 —3/(44) —5/—1) 19] 0.9 | 30 
Shell—-NJ... 93 +1\70 —1/93 —2) 54 —1)111 0} O} 23) 1.4) 30 
91 —1\72 +1/98 +5/84 +1] 55 Q)116 19) 1.3 | 30 
Carbide and Carbon 
90 +3/89 —4/83 0} 56 +1108 16) 0.9 | 42 
92 0|72 +1/96 +3/81 —2/(70) +15|108 20) 1.1 | 52 
94 +2/68 -—3/91 —2/81 —2 —2)112 -+1/-+2) 26) 1.1 | 29 
Southern RR.......... 90 —2/73 +2/94 +1/80 61 +6)111 O} O} 17] 1.7 | 29 
92 0\72 +1/93 0\89 +6) 50 20) 1.4 | 29 
93 +1/70 —1/97 +4/83 0} 52 —3)113 +2) 0} 23) 2.9 | 22 
92 71 93 83 55 111 21) 1.4 | 32 
94 74 98 89 70 116 26] 2.9 
90 68 88 80 44 106 16} 0.9 
ree 4 6 10 9 26 10 10} 2.0 
Average Deviation...... 1.2 1.6 2.4 1.9 4.5 2.5 
Standard Deviation of 
Reproducibility. ..... 1.5 1.9 3.3 2.7 6.9 3.3 


Shell H 


= Houston 


Shell NJ = Sewaren 

Shell D = Denver (old equipment) 

Carbide A and B are different operators. Each operator used two test units. On toluene and 
isobutyl alcohol operators differ, but test units do not. 

* Revised method uses para-xylene 92 Flash and isopropyl alcohol 71 Flash as standard and a 


single correction factor rounded to the nearest whole (smaller) number. 
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REPORT OF COMMITTEE D-2 


ON 


PETROLEUM PRODUCTS AND LUBRICANTS* 


This report contains the recommenda- 
tions of the subordinate groups of Com- 
mittee D-2 on Petroleum Products and 
Lubricants. The recommendations have 
been approved by the committee, in 
accordance with the regulations of the 
Society, and are presented herewith. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


It is recommended that the following 
16 proposed methods be published as 
information, as appended hereto! or as 
otherwise indicated: 


Appendix I. Oxidation Test for Turbine Oils 
(Short-Term Method). 

Appendix II. Sulfur in Petroleum Products by 
the Rapid, High-Temperature Combustion 
Method. 

Appendix III. Active Sulfur in Cutting Fluids. 

Appendix IV. Hydrocarbon Types in Gasoline 
by Mass Spectrometry. 

Appendix V. Reduction of Observed API 
Gravity to API Gravity at 60 F—High- 
Temperature Range. 

Appendix VI. Reduction of Volume to 60F 
Against API Gravity at 60 F—High-Tem- 
perature Range. 

Appendix VII. Density and Specific Gravity 
of Viscous Materials and Melted Solids by 
Bingham Pycnometer Method. 

Appendix VIII. Density and Specific Gravity of 
Hydrocarbon Liquids by Lipkin Bicapillary 
Viscous Oil Pycnometer. 

Appendix IX. Low-Temperature Torque of 
Ball Bearing Greases. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society June 17-22, 1956. 

1 These methods appear in the 1956 Compila- 
tion of ASTM Standards on Petroleum Products 
and Lubricants. 


Appendix X. Functional Life of Ball Bearing 
Greases .(The met..od is essentially the same 
as Appendix I to the 1953 Report of Com- 
mittee D-2, with minor equipment changes.) 

Appendix XI. Reduction of Volume to 60F 
Against API Gravity at 60 F—Low-Tem- 
perature Range. 

Appendix XII. Reduction of Volume to 60F 
Against API Gravity at 60 F—Low-Tem- 
perature Range (Abridged Table). 

Appendix XIII. Measuring the Color of Petro- 
leum Products. 

Appendix XIV. Thermal Stability of Fuel Oils. 

Appendix XV. Proposed Revisions of Tentative 
Method of Gaging Petroleum and Petroleum 
Products (D 1085 - 56 T). 

Appendix XVI. Proposed Antiknock Ratings 
Over 100 Octane Number by the Research 
and Motor Methods. "aw 


New TENTATIVES d 


The committee recommends that the 
following ten methods be accepted for 
publication as tentative, as appended 
hereto? or as otherwise indicated: 


Tentative Methods of Test for: 


Emulsion Characteristics of Steam-Turbine 
Oils. (A similar method was published as 
Appendix IV to the 1954 Report of Com- 
mittee D-2.) 

Estimation of Heat of Combustion of Liquid 
Petroleum Products. (See Appendix VI to 
the 1955 Report of Committee D-2.) 

Effect of Copper on Oxidation Rate of Grease. 

Cone Penetration of Lubricating Grease Using 
One-OQuarter Scale Cone Equipment. 

Estimation of Deleterious Particles in Lubricat- 
ing Grease (See Appendix IX to the 1955 
Report of Committee D-2.) 


2 The new tentatives appear in the 1956 Sup- 
plement to Book of ASTM Standards, Part 5. 
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Tentative Methods for: 


Liquid Calibration of Tanks.™* 
Calibrating Barge Tanks.* 

Calibrating Stationary Horizontal Tanks.” 
Calibrating Spherical and Spheroidal Tanks.™ 
Calibrating Tank Car Tanks. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following 14 tentatives be revised as 
indicated and continued as tentative: 


D94-55T,’ Test for Saponification 
Number of Petroleum Products by 
Color-Indicator Titration: 


Section 6.—Change the first sentence 
to read as follows: 


Blank determinations shall be made in dupli- 
cate concurrently with each set (one or more) 
of samples as follows: Measure accurately from 
a buret into the Erlenmeyer flask 25 + 0.03 ml 
of alcoholic KOH and add 25 + 1 ml of methyl- 
ethylketone. 


Replace the last sentence of Section 6 
with the following: 


When the indicator color is discharged, add 
3 drops of indicator, and if this addition of 
indicator restores the color, continue the titra- 
tion, making further 3-drop additions of indi- 
cator, if necessary, until the end point is reached. 
The end point is reached when the indicator 
color is discharged and does not immediately 
reappear upon the addition of 3 drops of indi- 
cator. 


Section 8.—Replace the last sentence 
with the above proposed new sentences 
for Section 6. 


D 381 — 54 T,’ Test for Existent Gum in 
Fuels by Jet Evaporation: 


Appendix: Sections Al(a), A2, A4(a), 
and A4(c).—Change ‘“n-pentane” to 
“n-heptane.” 

Appendix: Section A3.—Change to 
read: “A3. n-Heptane, ASTM knock 
test grade, conforming to the require- 


20 These methods will appear in the “ASTM 
Manual on Calibrating Liquid Containers,’ 
issued as a separate publication. 


71955 Book of ASTM Standards, Part all 


ments given in Table I of ASTM 
Method D 611.” 


D 439-—55T,’ Specifications for Gas- 
oline:* 


Table I—In Footnote a delete the 
word “automatic.” 

Appendix: Octane Number.—Replace 
the first two sentences of the final 
paragraph with the following: 


At the present time there is no completely 
satisfactory way of translating Motor and 
Research octane numbers into terms of a rating 
for all vehicles on the road. Correlation of 
laboratory ratings with road ratings have been 
developed, but at best such correlations repre- 
sent only the average result obtained for a 
limited number of vehicles when operated under 
prescribed conditions. 


Appendix: Volatility —Change the 
second and third paragraphs to read as 
follows: 


Gasolines which vaporize too readily may 
boil in fuel lines or in carburetors and cause a 
decrease in the fuel flow to the engine, resulting 
in rough engine operation or stoppage (vapor 
lock). Conversely, gasolines which do not 
vaporize readily enough may cause hard starting 
and poor warm-up and acceleration, as well as 
unequal distribution of fuel to the individual 
cylinders. These conditions can be minimized 
by proper selection of volatility requirements, 
but cannot always be avoided. For example, 
during spring and fall a gasoline of volatility 
suitable for satisfactory starting at the frequent 
low temperatures encountered may be sus- 
ceptible to vapor lock in some consuming units 
under some operating conditions during occa- 
sional hot periods. 

In the ASTM specifications volatility limits 
are established in terms of vapor pressure and 
distillation test results. Three types of auto- 
motive requirements are recognized: Type A, 
for the general run of automotive service; Type 
B, for service where cold starts and short trips 
are the chief consideration; and Type C, where 
hard, steady driving is the chief consideration. 
Provisions are made for three types of gasoline 
to conform to these three types of automotive 
requirements. In addition, provisions are made 
for three seasonal grades of each gasoline type. 
These grades differ with respect to the vaporiza- 
tion tendencies of the lighter fractions. 


34 See Editorial Note on p. 280. 
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Appendix: Reid Vapor Pressure.— 
Replace this paragraph with the follow- 
ing: 

& 

Vapor pressure is the force exerted on the 
walls of a closed container by the vaporized 
portion of a liquid at a certain temperature; and 
conversely, it is the force which must be exerted 
on the liquid to prevent it from vaporizing 


vapor pressure is measured at a temperature of 
100 F in the presence of a volume of air which is 
four times the volume of liquid gasoline, and is 
expressed as pounds per square inch absolute. 

The Reid vapor pressure of motor gasoline is 
the best single criterion of freedom from vapor 
lock in automotive equipment. When used in 
conjunction with the initial portion of the dis- 
tillation curve the vapor lock relationships 
become more precise. In addition, these data 
are closely related to the composition of the 
gasoline in terms of the lightest hydrocarbons. 


_ further. Vapor pressure increases with tempera- 
E for any given gasoline. The ASTM Reid 


Appendix: Distillation —Change ‘to 
_read as follows: 


The ASTM distillation test provides a meas- 
ure, in terms of volatility, of the relative propor- 
tions of all the hydrocarbon components of a 
gasoline. The ASTM specifications designate 
temperatures at which a minimum of 10 per cent, 
50 per cent, and 90 per cent of the fuel shall be 
evaporated under the closely defined conditions 
of the prescribed test method. These distillation 
and vapor pressure characteristics define and 
control: starting, warm-up, carburetor icing, 
acceleration, vapor lock, crankcase dilution, and 

in part, fuel economy. 

The 10 per cent evaporated temperature 


under normal temperature conditions, but not so 
low that vapor lock may be experienced. Gener- 
ally it should be lower in the winter than in the 
summer, but it is obvious that gasoline used in 
vehicles such as buses, which are kept in warm 
garages in the winter and are never allowed to 
cool while in service, do not require gasoline 
with so low a 10 per cent evaporated tempera- 
ture as do the majority of privately owned 
passenger cars. 
Gasolines having the same 10 and 90 per cent 
evaporated temperatures may vary considerably 
in warm-up and acceleration quality because of 
differences in the boiling temperatures of the 
intermediate components or fractions. Good 
warm-up and acceleration properties can be 


Q be low enough to insure ready starting 
« 


assured by specifying, in addition, a suitable 
maximum limit for the 50 per cent evaporated 
temperature. The 90 per cent evaporated tem- 
perature should be low enough to preclude 
excessive dilution of the crankcase lubricating 
oil. 


Appendix: Gum.—Change the second 
paragraph to read as follows: 


A distinction should be made between gum 
and residues of oil which may appear on the gum 
test. Small amounts of oil are sometimes added 
to gasoline by manufacturers. Where such oil 
is present the ASTM Gum test cannot, of course, 
be considered a significant indication of gum 
content. In such cases an estimate of the gum 
content may be made as prescribed in the 
method. 


D 613 - 48 T,’ Test for Ignition Quality 
of Diesel Fuels by the Cetane Method: 


It has been proposed that the present 
coincident-flash method of instrumenta- 
tion be replaced by the Ignition-Delay 
Meter, Model ECS-1. Directions for 
effecting this revision are appended 
hereto.* To permit users of the ASTM- 
CFR Cetane Unit time to acquire this 
new equipment, these revisions will be- 
come officially effective on June 1, 1957. 


D 614-49 T,’®:> Test for Knock Char- 
acteristics of Aviation Fuels by the 
Aviation Method: 


Section 9(b).—Add the following sen- 
tence: 


If a tendency for the fuel to bubble or boil 
in the fuel level sight glass is observed when 
making these adjustments, it is recommended 
that the carburetor cooling apparatus be used 
as described in Section 112(a) of Supplement I 
on Apparatus, and Section 323 of Supplement 
III on Operation. For normal conditions, how- 
ever, carburetor cooling should not be used. 


*These revisions were accepted and incor- 
porated in the revised method which appears in 
the 1956 Supplement to Book of ASTM Stand- 
ards, Part 5. p. 133. 

5ASTM Manual of Engine Test Methods 
for Rating Fuels. issued as a separate publica- 


tion, October, 1952. 
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Supplement I: 
Section 112(a).—Add the following 
after the last sentence: 


A carburetor cooling attachment is available 
for testing fuels which give evidence of pre- 
mature vaporization in the fuel induction sys- 
tem. This apparatus, shown in Fig. 2 (Waukesha 
Service Bulletin No. 71), is designed in two 
pieces: (/) to cool the horizontal jet and selector 
valve, and (2) to cool the No. 1 float bowl and 
tank. 

The jackets are made of stainless stee] and 
are easily attached to or removed from the 
carburetor. When filled with dry ice, this equip- 
ment will permit ratings to be made in fuels of 
relatively high vapor pressure. The equipment 
will fit either the three or four bow! carburetor 
of the Motor, Research, and Aviation units. 


Supplement IIT: 
Section 323.—Add the following: 


For testing fuels which give evidence of pre- 
mature vaporization in the fuel induction sys- 
tem, the carburetor ‘cooling attachment, de- 
scribed in Section 112(a) and shown in Fig. 2 
(See accompanying Fig. 1), should be used. Pre- 
mature vaporization may result in uneven engine 
operation and is often indicated by bubble for- 
mations, boiling, or abnormal level fluctuations 
of the fuel level in the sight glass. These condi- 
tions are not always apparent in the sight glass 
and often can be recognized only by erratic en- 
gine and knockmeter operation. Variables, such 
as ambient room temperature, engine location in 
the lahoratory, and front end volatility of the 
fuel, are some of the reasons for variations in the 
abi'ity of units to rate certain fuels. A positive 
statement regarding the use of cooling equip- 
ment cannot be made, other than cautioning 
operators to be observant and to use judgment 
in determining the necessity for carburetor 
cooling. Care should be exercised when rating 
fuels with high freezing point components, for 
temperatures reached in the carburetor may 
result in the separation of certain compounds. 
For normal conditions carburetor cooling is not 
necessary and is not recommended. 

The tank cooling jacket is installed and held 
in place by spring arms which snap around the 
No. 1 tank and float bowl. The valve cooling 
jacket is installed and held in place by a cam 
latch which hooks around the No. 1 bow! drain 
valve. When used on the four bowl carburetor, 
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removed to install the selector valve jacket. 
The valve can be replaced through the hole 
provided in the jacket. Nothing need be dis- 
turbed when applying either jacket to the three 
bowl carburetor on any of the methods. = 


the drain valve from No. 2 bowl will have to be : ; 


use 
J 


| 

AY 


¢ 


1—Jacket for Cooling Horizontal Jet and Se- 5 
lector Value. 

2— Jacket for Cooling the No, 1 Float Valve ™ 
and Tank. 


Fic. 1.—Carburetor Cooling Jackets. 


D 721-55 Test for Oil Content of 
Petroleum Waxes: 


Section 3 (a).—Change to read as “ 4 
follows: 


(a) Filter Stick and Assembly, consisting _ 
of a 10-mm diameter sintered glass filter stick 
of 10 to 154% maximum pore diameter as deter- 
mined by the method in the Appendix, provided 
with an air pressure inlet tube and delivery 
nozzle. It is provided with a ground-glass joint 
to fit a 25 by 170-mm test tube. The dimensions — 
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for a suitable filtration assembly are shown 
in Fig. 1. 


Note 1—Revise by replacing the words 
“medium porosity” with the phrase 
“10 to 15 » maximum pore diameter as 
determined by the method in the 
Appendix. 

New Appendix.—Add an Appendix 
describing the method for obtaining the 
pore diameter of the apparatus in Sec- 
tion 3(a) as appended hereto.” 


D 910 — 53 T,*** Specifications for Avi- 
ation Gasolines: 


Table I—In Footnote d: change “shall 
consist essentially of an alkyl-substituted 
anthraquinone” to “shall consist es- 
sentially of 1,4-dialkylamino anthra- 
quinone.” 


1019-55 Test for Olefinic Plus 
Aromatic Hydrocarbons in Petroleum 
Distillates: 


Section 3(c).—Add the following after 
the first sentence: “The distance be- 
tween the bottoms of opposite flasks 
when in the centrifuge in operating 
position shall be between 193 and 22} 
+4 ” 

Note 3.—Insert the following after the 
first sentence: “Since the distance be- 
tween the bottoms of the cups in the 
hand centrifuge is less than in the usual 
motor-driven centrifuge, more than 3 
min time of centrifuging may be required 
(see Section 6(d)). Centrifuging should 
be continued until constant volume is 
obtained.” 

Section 6(d).—Substitute “at 950 to 
1100 rpm” for “at approximately 
1000 rpm.” 


D 1085 - 52 Method of Gaging Petro- 
leum and Petroleum Products: 


Section 5.—Add a new Paragraph (e), 
 relettering the present Paragraphs (e) 
and (f) accordingly, to read as follows: 


— 
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(e) Incrustation—A tank used continually 
may accumulate deposits such as rust, wax, 
paraffin, tar, water, and sulfur on the inside of 
the shell and roof supports. Such incrustation 
decreases the capacity of the container and 
may cause inaccuracy in the determination of 
quantity. A thorough cleaning of a tank in this 
condition is necessary before accuracy may be 
obtained. 


Section 6.—Change the last sentence to 
read: “Use the same gaging procedure 
and the same or matched equipment for 
both opening and closing gages.” 

Section 10.—Replace with the follow- 
ing: 

(a) Design: 

(1) Tanks having a variable vapor space, 
Fig. 4, are used principally for long-time storage 
of finished volatile stocks. The upward and 
downward movement of the roof with the ex- 
pansion and contraction of the confined vapors 
largely eliminates breathing losses. In the 
breather-roof tank, the roof is a flexible steel 
diaphragm. In the balloon-roof tank, the 
diaphragm extends beyond the tank shell to 
provide a greater vapor space. The lifter-roof 
(gasometer-roof) tank is similar to the common 
gas holder in construction and operation. The 
roof rises and falls in a liquid seal. 

(2) In addition to the types mentioned above, 
several varieties of tanks utilize fabric mem- 
branes to withhold the volatile vapors within a 
limited area. One type utilizes a hemisphere or 
small vertical tank on the top of an otherwise 
conventional cone-roof tank. The membrane is 
designed to fit the inside of the hemisphere 
(or tank) and to move up or down as the con- 
tents and/or vapor pressure of the material 
requires. 

(6) Gaging Equipment: 

(1) Tanks of the variable vapor space type 
described in Paragraph (a) Item (/) have either 
a gaging pipe (well) and manometer, Fig. 13, 
or a pressure lock, Fig. 6. It is recommended 
that the bottom of the gaging pipe be at least 
12 in. above the bottom of the tank. If there is 
water or sediment in the tank, keep the level 
of this material at least 2 in. below the end of 
the gaging pipe. The manometer in the roof of 
the tank is used to determine the tank pressure 
or vacuum. 

(2) For the type of system having a fabric 
membrane in a hemispherical or vertical cylindri- 
cal section attached to the roof (or in a con- 
tainer apart from the tank proper) gaging 
equipment similar to that described in Item (/) 
is provided. 
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D 1086 -54T,’ Method of Measuring 
the Temperature of Petroleum and 
Petroleum Products: 


Table II.—Insert the following pre- 
ceding the “Angle Stem” thermometer: 
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calibrated pressure measuring and thermo- 
couple-potentiometer system, to indicate proper 
assembly and operating control. Conduct the 
test procedure as described at the test pressure 
in connection with a specific sample or at two 
or more pressures in connection with general 


Name | Range Graduation Accuracy 
97 F-56 T 0 to 120 F 12 1F +0.5F 
98 F-56 T 60 to 180 F 12 1F +0.5F 


Section 8(a).—Insert the following 
after the first sentence: ‘Take temper- 
atures at the same time the liquid level 
is gaged.” 


D 1160 —- 52 T,® Test for Reduced Pres- 
sure Distillation of Petroleum Prod- 
ucts: 


Section 3(a).—Add the following new 
sentence: “An alternate column as- 
sembly® is shown in Fig. 10, Appendix.” 

Section 3(b).—Add a new sentence to 
read: “This heater is not to be used with 
the vacuum-jacketed column assembly. 
An alternate heater,* for use with the 
alternate flask and column assembly, 
is shown in Fig. 10, Appendix.” 

New Footnotes 5 and 6.—Add new 
Footnotes 5 and 6, renumbering the 
present Footnote 5 and its reference as 
Footnote 7, to read as follows: 

’This column assembly may be obtained 
from the Glass Engineering Laboratories, Inc., 
at either Belmont, Calif., or 6309 South Broad- 
way, Los Angeles 3, Calif., by specifying 
“Vacuum-Jacketed Distillation Head for ASTM 
Method D 1160.” 

*This heating assembly may be obtained 
from the Glas-Col Apparatus Co., 711 Hulman 
St., Terre Haute, Ind., by specifying “Quartz 
Heating Mantle, ASTM Method D 1160-B, 
500 ml,” and “Insulating Top, ASTM Method 
D 1160-T, 500 ml.” 


Section 4.—Letter the present wording 
as (a2) and add a new Paragraph (d) 
after Note 2, to read as follows: 


(b) Reference Oil Check.—Check the as- 
sembled apparatus, including the previously 


checks of the equipment, using ASTM Cetane 
reference fuel. 

If, 

(/) The thermocouple and pressure measur- 
ing device have been properly calibrated, 

(2) The thermocouple has been installed as 
directed in Section A2, Appendix, 

(3) The distillation pressure is regulated 
within the allowable limits defined in Section 3 
(g), and 

(4) The construction of the column conforms 
with the specifications of Section A1(b), 
Appendix, 

Then, the average of distillation temperatures 
obtained in the 10 to 90 per cent range, inclu- 
sive, should conform with the data in the 
following table: 


Range of Average 


Pressure, mm Temperature, deg Fahr 


271.5 to 277.5 
297.5 to 303.5 
Ener 326.0 to 332.0 
358.0 to 364.0 
369.0 to 375.0 


New Footnote 8.—Add a new Footnote 
8 to read as follows: 


8 ASTM Cetane reference fuel is available 
from Humphrey & Wilkinson, Inc., Divine St., 
New Haven, Conn. 


Footnotes 6 to 11.—Renumber the 
present Footnote 6 and its reference as 
Footnote 9, and renumber the present 
Footnotes 8 to 11 and their references 
accordingly. 

New Note 3.—Add a new Note 3 after 
Section 4(b), renumbering the present 
Note 3 as Note 4, and subsequent Notes 
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7 and references accordingly, to read as 5. (a) Add the following to a 250-ml volu- 
follows: metric flask containing approximately 100 ml of 


distilled water: 25 ml of the standard lead solu- 

Note 3.—For pressures, P, over 5.0 mm not _ tion, 2 ml of gelatin, 25 ml of cadmium solution, 
given in the table, the range of average tem- and 25 ml of concentrated hydrochloric acid. 
perature should not deviate by more than 3 F Dilute the mixture with distilled water to 


from a temperature, ¢, given by: 250 ml and mix well. 
3296.37 D 1319-55T,? Test for Hydrocarbon 
7.03044 — P Types in Liquid Petroleum Products 


Fl Indicat i 
Appendix I.—Designate as Appendix. 4): ndicator Adsorption 


Footnote 12.—Delete the present Foot- 


note 12 and its reference, and renumber Section 4(a).—Revise the first sentence 
subsequent footnotes and references to read as follows: 
accordingly , 4. (a) Silica Gel, 100 to 200 mesh,§ manu- 


_ Appendix II: Figure 1—Renumber as _ factured to insure minimum olefin polymeriza- 
Fig. 10 and transfer to the present tion and to conform to the sieve test require- 


i Appendix I, ments shown in Table I. 
Appendix II.—Delete; and delete 
references to Appendix II in the text. TESTS OF SILICA GEL. 


D 1220 - 55 T,® Methods for Calibrating (Table I for D 1319) 


‘Upright Tanks: 
Sieve Size* Particles Passing 
| New Note 7.—Add a new Note 7 to ere oirautieaiie 
the end of Section 13(6), renumbering Desi#nation No. 
subsequent notes and references ac- 80 Seer 100 
cordingly, to read as follows: 100 149......... 95 min 
200 15 max 


Note 7.—Experience in checking the cir- 
cumference measurements of bolted steel tanks * Detailed requirements for these sieves are 
indicates that such tanks, in sizes up toanom- given in ASTM Specifications E 11, 1955 Book 
inal capacity of 1000 bbl, show no significant of ASTM Standards, Part 5. 

- volumetric change over a period of 10 yr. Tanks 

having a nominal capacity in excess of 1000 Table I.—Insert the accompanying 
bbl showed volumetric changes of a small order Table I after Section 4(a). 

of magnitude over a 10-yr period which may be N Note 5.—Af Secti - 
sufficient to warrant recalibration of the tank ae NOS os ter ection 5 (a) 
when considering the type of service and the add a new Note 5, renumbering the 
value of the product involved. present Notes 5 and 6 and their refer- 


Delete the procedures for calibrating ¢nces as Notes 6 and 7, to read as 
spheres, spheroids, and pressure and follows: 

non-pressure tank car tanks which were Nore 5.—When the simultaneous prepara- 
proposed and approved in 1955. tion of a number of columns is desirable, it is 


convenient to hang a reasonable number from 
D1269-53T, Method for Polaro- 4 frame or rack to which a vibrator is attached. 


graphic Determination of Tetraethyl- Filling and packing may then proceed con- 
tn currently, provided that the equipment will 


give uniform packing of all tubes. 
Section 5(a).—Replace with the follow- 


ing: New Note 8.—Insert a new Note 8 

after Section 5 (d), renumbering the 
STM Manu on ibrating Liqui T 

Containers (Upright Tanks), issued as a sepa- Present Note 7 as Note 9, to read as 


tate publication, January, 1954. follows: 
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Note 8.—An acceptable alternative method 
of introducing the sample is as follows: Chill 
the sample and a 1-ml hypodermic syringe to 
35 to 40 F. Draw 0.75 cu cm of sample into the 
syringe and discharge with the tip inserted 20 
to 30 mm below the surface of the gel in the 
charger section. No additional gel plug is needed, 
since the charger section is filled initially with a 
40-mm section of gel. 


Section 5(f).—Delete “always” from 
the last sentence and add the following 
phrase: “except that when no blue 
coloration is present, the brown or 
reddish ring shall be considered as part 
of the next distinguishable zone below 
it in the column.” 


WITHDRAWAL OF TENTATIVE 


The committee recommends the with- 
drawal of the Tentative Method of Test 
for Steam Emulsion of Lubricating Oils 
(D 157 — 51 T),® subject to the adoption 
of the proposed new Tentative Method 
of Test for Emulsion Characteristics of 
Steam-Turbine Oils, which is appended 
hereto.” 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


The committee recommends that the 
Standard Method of Test for Water in 
Petroleum Products and Other Bitumi- 
nous Materials (D 95 — 46)* be revised 
and reverted to tentative status. The 
revision consists of replacing the present 
text, with minor editorial changes, by the 
proposed method appended to Standard 
Method D 95 in 1955.’ 


ADOPTION OF TENTATIVES AS STANDARDS 
WitTHovuT REVISIONS 


The committee has reviewed the 
following four tentatives* which have 
stood two or more years without re- 
vision and which represent best present- 


7 ASTM Standards on Petroleum Products 
and Lubricants, N ovember, 1955. 
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day practices, and recommends that 
they be approved for reference to letter 
ballot of the Society for adoption as 
standards: 


D 526-53T, Test for Tetraethyllead in Gaso- 
line, 

D972-51T, Test for Evaporation Loss of 
Lubricating Greases and Oils, 

D 1219-52T, Test for Mercaptan Sulfur in 
Jet Fuels (Color-Indicator Method), and 
D 1323-54T, Test for Mercaptan Sulfur in 

Jet Fuels (Amperometric Method). 


ADOPTION OF TENTATIVES AS STANDARDS 
WitH REVISIONS 


The committee has reviewed the 
following three tentatives which repre- 
sent best present-day practices, and 
recommends that they be approved for 
reference to letter ballot of the Society 
for adoption as standard with the re- 
visions given below: 


D 130-55T,* Test for Copper Cor- 
rosion by Petroleum Products: 


Section 4(a).—Change to read: “(a) 
Wash Solvent, use knock test grade 
isooctane.” 

Section 4(d).—Change “(Note 2)” to 
“(see Note 2).” 

Section 5(a).—In the last sentence 
change the words “sulfur-free acetone” 
to “knock test isooctane.” 

Section 5(b).—In sentences one and 
two replace the word “acetone” with 
“4sooctane.” At the end of sentence 
five, add “(see Note 4).” 

New Note 4.—Add a new Note 4 to 
follow Section 5(b), to read as follows: 


Nore 4.—It is important to polish the whole 
surface of the strip uniformly to obtain a uni- 
formly stained strip. If the edges show wear 
(surface elliptical) they will likely show more 
corrosion than the center. The use of a vise will 
facilitate uniform polishing. 


New Section 6.—Add a new Section 6 
as follows: 


6. (a) Sample.—It is particularly important 
that gasoline and fuel samples for this test be 
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ducing, or removing entirely, the coloration 
tendency of the corrosive sulfur present in the 
sample on copper. 

(b) If suspended water (haze) is observed in 
the sample (see Note 6), dry by filtering a suff- 
cient volume of sample through a medium rapid 
qualitative filter (for example, Whatman No. 4), 
into the prescribed clean, dry test tube. Carry 
out this operation in a darkened room or under 
a light-protected shield. 


New Note 6.—Renumber, as Note 6, 
the present Note 4 and its reference, and 
have it follow the new Section 6(0). 

Section 6.—Renumber as Section 7; 
and revise sentence two of Paragraph 
(0), changing “‘in sulfur-free acetone” to 

“in knock test isooctane.” In sentence 
three, replace “dry with quantitative 
filter paper, and inspect” with “dry with 
quantitative filter paper (by blotting and 
not by wiping), and inspect. ” In the last 
sentence, change * ‘staining it can be 
avoided if it is inserted in a flat test 
tube (Fig. 4)” to “staining can be 
avoided if it is inserted in a flat tube 
(see Fig. 4).” 

Section 7.—Renumber as Section 8, 
and delete “excessively” from the last 
sentence of Paragraph (e). 

Section 8.—Renumber as Section 9. 


D 855-52 Method of Analysis of 
Oil-Soluble Sodium Petroleum Sul- 
fonates: 


collected in clean dark bottles or cleaned tinned 
cans; to clean new tinned cans, rinse free of 
rosin or soldering flux with the sample to be 
tested. Care should be taken during sampling to 
protect the samples from exposure to direct or 
even diffused daylight (see Note 5). Make the 
test as soon as possible after sampling. 

Note 5.—Short wavelengths of light (violet 
and ultraviolet) have a marked effect on re- 


Note 3.—Change to read as follows: 


Norte 3.—It is important to adhere as closely 
as possible, to the quantities and concentrations 
of isopropyl alcohol prescribed in Sections 5 
and 6(a). If, for example, the volume of titrant 
B exceeds 3 ml, a volume of 99 per cent iso- 
propyl alcohol, equivalent to the excess, is added 
to the combined alcoholic solution. Final con- 
centration in a separatory funnel should not be 
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less than 48 per cent nor more than 52 per cent 
by volume of isopropyl alcohol. 


Section 14—In the tabulations in 
Paragraphs (@) and (5) omit the three 
lines: “Inorganic salts, weight per cent,”’ 
“Below 1.00,” and “Above 1.00.” 


D 1216-52 T,? Method of Analysis of 
Calcium and Barium Petroleum Sul- 
fonates: 


Section 16(a).—Delete “Inorganic 
salts, weight per cent ... 0.09” from the 
table of constituents. 

Section 16(b).—Delete 
salts, weight per cent ... 
the table of constituents. 


“Tnorganic 
0.362” from 


REVISIONS OF STANDARDS, IMMEDIATE 
ADOPIION 


The committee recommends im- 
mediate adoption of revisions to the 
eight standards listed below and ac- 
cordingly asks for a favorable nine- 
tenths vote at the Annual Meeting in 
order that these revisions may be re- 
ferred to letter ballot of the Society: 


D 56 - 52,° Test for Flash Point by Tag 
Closed Tester: 


The method has been extensively re- 
vised editorially and includes a new 
Section 8 on precision. The revised 
method is appended hereto.’ 


D 86-54, Test for Distillation of 
Gasoline, Naphtha, Kerosine, and 
Similar Petroleum Products: 


Section 3(d).—In the first sentence 
change “shall be fitted tightly” to read 
“shall be cooled to 55 to 65 F, and fitted 
tightly.” Delete the last sentence. 

Section 5.—Delete this section, re- 
numbering Section 6 as Section 5. 

New Section 6.—Add a new section, to 
read as follows: 


6. Precision—The following criteria, based 
on 95 per cent probability, should be used for 
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judging the acceptability of results: 

(a) Duplicate results obtained by the same 
operator and apparatus should be considered 
suspect if they differ by more than the repeat- 
ability which, according to Fig. 3, is appropriate 
to the test result obtained and to the rate of 
change in thermometer reading which prevailed 
at the stage at which the result was obtained. 

(b) The results obtained by each of two 
laboratories should be considered suspect if 
they differ by more than the reproducibility 
which, according to Fig. 3, is appropriate to the 
test result obtained and to the rate of change in 
thermometer reading which prevailed at the 
stage at which the result was obtained. 

(c) To facilitate the use of Fig. 3, the rate of 
change in thermometer reading in degrees 
Fahrenheit per the percentage evaporated or 
recovered, at any point between the initial 
boiling point and the end point or dry point, 
should be assumed to be the same as the average 
rate between two data points which are equi- 
distant above and below the point in question, 
provided that the span from the point in ques- 
tion to either of the other data points does not 
represent more than 10 per cent evaporated or 
recovered in any case, nor more than 5 per cent 
if the point in question is not included in the 
10 to 90 per cent range. For the initial boiling 
point, end point, or dry point, the rate of change 
should be assumed to be the same as the average 
rate over an interval, not to exceed 5 per cent 
evaporated or recovered, between the extreme 
point and the next data point above or below it. 


New Fig. 3—Add the accompanying 
Fig. 3. 


D 88 — 53,* Test for Viscosity by Means 
of the Saybolt Viscometer: 


This method has been extensively re- 
vised editorially. In addition, a special 
procedure for waxy or resinous materials 
has been included. A copy of the revised 
and enlarged method is appended 
hereto.” 


D92-52, Test for Flash and Fire 
Points by Means of Cleveland Open 
Cup: 


The method has been extensively re- 
vised editorially and includes a new 


Section 7 on precision. The revised 
method is appended hereto.? 


D 323 — 55,* Test for Vapor Pressure of 
Petroleum Products (Reid Method): 


Section 1.—-Change to read as follows: 


1. This method of test is for the determina- 
tion of the absolute vapor pressure of volatile 
crude oil and volatile non-viscous petroleum 
products, except liquefied petroleum gases. 

Note 1.—Because the external atmospheric 
pressure is counteracted by the atmospheric 
pressure initially present in the air chamber, the 
“Reid vapor pressure” is approximately the 
vapor pressure of the material at 100F in 
pounds per square inch absolute. 


Section 2.—Change the first sentence 
to read: “The gasoline chamber of the 
vapor pressure apparatus is filled with — 
the chilled sample and connected to the 
air chamber at 100 F or other temper- 
ature.” 

Change the third sentence to read: 
“The ‘manometer reading’ correspond- 
ing to the pressure, read on the gage — 
attached to the apparatus is the Reid 
vapor pressure suitably corrected (Table 
I) if the air chamber was initially at a 
temperature other than 100 F.” 

In the second paragraph of Section 2, 
change “for a partial air-saturation for 
products with Reid vapor pressures 
below” to “for partial air saturation of 
products with Reid vapor pressure 
below.” 

Notes 1 and 2.—Renumber as Notes 
2 and 3, respectively. 

Section 3(e).—Change the paragraph 
heading to “(e) Thermometer for Water 
Bath and 100 F Air Chamber Procedure.” 

Section 3(f)——Change to read as 
follows: 


(f) Air Chamber Thermometer —When the 
ambient temperature procedure is employed, a 
thermometer conforming to the following re- 
quirements shall be used: Length, approximately 
12 in.; range, —40 or —30 F to +120 or +130 F; 
graduated in 1F divisions; total immersion; 
scale error not greater than 1 F. 
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REPRODUCIBILITY 


3 Fic. 3.—Precision of Distillation Method D 86. 
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Section 5.—Change to read as follows: 


(c) Preparation of Air Chamber (100 F Pro- 
cedure).—After purging and rinsing the air 
chamber and pressure gage in accordance with 
Section 6(e), connect the gage to the air chamber. 
Immerse the air chamber to at least 1 in. above 
its top in the water bath (see Note 5), for not 
less than 10 min just before coupling it to the 
gasoline chamber. Do not remove the air 
chamber from the bath until the gasoline 
chamber has been filled with sample as described 
in Section 6(a). 

(d) Preparation of Air Chamber (Ambient 
Temperature Procedure).—As an alternate to 
Paragraph (c), the air chamber may be adjusted 
to ambient or other temperature which may be 
determined with an accuracy of at least 1 F in 
the following manner. After purging and rinsing 
the air chamber and pressure gage in accordance 
with Section 6(e), connect the gage to the air 
chamber. Insert the thermometer into the air 
chamber, suppurting it by means of a loosely- 
fitting (not air-tight) stopper in the opening of 
the air chamber. Adjust the position of the 
thermometer so that it is aligned as closely as 
possible with the axis of the air chamber, and 
with the thermometer bulb located in the air 
chamber, about 9 in. from the opening. Leave 
the thermometer in position until the tempera- 
ture reading has remained constant within 1 F 
for a period of 5 min or more just before coupling 
the air chamber to the gasoline chamber. At 
this time, record the thermometer reading as the 
“initial air temperature.” =_ 


Note 3.—Delete this note. a 
Section 6(b).—Change to read as 
follows: 


(b) Assembly of Apparatus.—Without delay, 
and as quickly as possible, attach the air cham- 
ber to the gasoline chamber. Not more than 
20 sec shall be consumed in completing the 
assembly of the apparatus after filling the gaso- 
line chamber, using the following sequence of 
operations’ 

(1) Refill the gasoline chamber to overflow- 
ing, 
(2) Read the “initial air temperature” or 
remove the air chamber from the water bath, 
and 

(3) Connect the air chamber to the gasoline 
chamber. 


Section 6(c).—Add the following after 
the last sentence: ‘‘When at any time a 
leak is detected, discard the test.” 


Note 4.—Delete the last sentence. 

Section 6(d).—Revise the last sentence 
to read: “Immediately remove the 
pressure gage and check its reading 
against that of the manometer, recording 
the value found as the Reid vapor pres- 
sure (under the procedure of Section 
5(c)), or as the “manometer reading” 
to be used in the calculations of Section 
8 (under the procedure of Section 
5(d)).” 

Note 5.—Change “if this purging is 
done” to “if the purging of the air 
chamber is done.” 

Section 7(f).—Revise to read: “(f) 
Coupling the Apparatus.—Carefully ob- 
serve the requirements of Section 
6(d).” 

Section 7(h).—Revise the second sen- 
tence to read: “Be certain that the 
temperature of the air in the air chamber 
at the time of coupling with the gasoline 
chamber (Section 6(b)) has remained 
constant within 1 F for a period of 5 
min or more.” 

Section 8.—Change to read as follows: 


8. (a) Change in Pressure of Water Vapor and 
Air.—For the ambient temperature procedure 
set forth in Section 5(d), calculate the “Reid 
vapor pressure” of the sample under test by 
applying to the “manometer reading” the correc- 
tion given in Table I for the change in pressure 
of the water vapor and air in the chamber on 
heating from the “initial air temperature” 
to 100 F. 

(b) Recording Results.—If the 100 F Procedure 
was employed (Section 5(c)), record the result 
observed in Section 6(d) as the “Reid vapor 
pressure” in pounds without reference to tem- 
perature or to unit of surface. If the ambient 
temperature procedure (Sections 5(c) and 8(a)) 
was used, record the value resulting from the 
application of the correction from Section 8(a) 
as the “Reid vapor pressure” without reference 
to temperature or unit of surface. 


Note 6.—Delete, renumbering the sub- 
sequent notes and their references 
accordingly. 

Table I——Replace with the following 


Table I: 
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TABLE I.—CORRECTIONS TO BE 
SUBTRACTED FROM “MANOMETER 
READINGS” FOR CALCULATING REID 
VAPOR PRESSURE. 


(Table I, Method D 323) 


Initial Air Barometric Pressure,* mm 
Temperature,® 

deg Fabr 760 700 600 
2.90 2.70 2.45 
ee 2.60 2.45 2.20 
2.20 2.10 1.90 
1.80 1.70 1.55 
1.40 1.30 1.20 
0.95 0.90 0.85 
eee 0.50 0.50 0.45 
0.00 0.00 0.00 
—0.55 | —0.55 | —0.50 


® For other temperatures and pressures, the 
corrections may be calculated by means of the 
following equation: 
(P — P,) (¢ — 100) 
460 +t 


Correction = — (Pio — Ps) 


where: 
t = air chamber temperature at beginning 
of test, in degrees Fahrenheit, 
P = barometric pressure, in pounds per 
_ square inch, at time of test (if a ba- 
_ rometer is not available, the normal 
-_ barometric pressure may be used), 
P, = vapor pressure of water, in pounds per 
square inch, at ¢ deg Fahr, and 
Pio = vapor pressure of water in pounds per 
square inch, at 100 F = 0.95. 
Calculated corrections are to be rounded off 
to the nearest 0.05 Ib. 
Ezample: In line 6 change745 mm to 700 mm. 
In lines 7 and 9 change 0.95 lb to 
0.90 Ib. 
In line 11 change 10.55 lb to 10.60 
Ib. 


_ Section 9(a).—In the sixth line change 
“8” to “6(d) and 8(a).” 

Section 13(c).—Replace the second 
sentence with the following: 


Not more than 25 sec shall be consumed in 
completing the assembly of the apparatus after 
filling the gasoline chamber, using the following 
sequence of operations: (/) read the initial air 
temperature or remove the air chamber from the 
water bath, (2) connect the air chamber to the 
gasoline chamber, and (3) open the gasoline 
chamber }-in. valve. 


Section 15(d)—Change to read as 
follows: 


(d) Atr Chamber Temperature.—The provi- 
sions of Section 5(c) shall be followed; the 
provisions of Section 5(é) shall not apply. 
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D 357 —53,2-* Test for Knock Char- 
acteristics of Motor Fuels by the 
Motor Method: 


Section 11(b).—Add the following after 
the last sentence: 


If a tendency for the fuel to bubble or boil 
in the fuel level sight glass is observed when 
making these adjustments, it is recommended 
that the carburetor cooling apparatus be used 
as described in Section 112, Appendix I on 
Apparatus, and Section 317, Appendix III on 
Operation. For normal conditions, however, 
carburetor cooling should not be used. 

Appendix I: Section 112.—Revise as 
shown in this report under proposed 
revisions to ASTM Method D 614° 

Appendix III: Section 312.—Revise 
as shown in this report under proposed 
revisions to ASTM Method D 614. 


D 908 Test for Knock Char- 
acteristics of Motor Fuels by the Re- 
search Method: 


Section 11(b).—Add the following after 
the last sentence: 

If a tendency for the fuel to bubble or boil 
in the fuel level sight glass is observed when 
making these adjustments, it is recommended 
that the carburetor cooling apparatus be used 
as described in Section 112, Appendix I on 
Apparatus, and Section 323, Appendix III on 
Operation. For normal conditions, however 
carburetor cooling should not be used. 


Appendix I: Section 112.—Revise as 
shown in this report under proposed 
revisions to ASTM Method D 614.° 

Appendix III: Section 312.—Revise 
as shown in this report under proposed 
revisions to ASTM Method D 614.’ 


D 1250 - 55, ASTM-IP Petroleum 
Measurement Tables: 


Withdraw the following extensions to 
Tables 6 and 7 which were proposed in 
1955: 

(1) Low-Temperature Table (0 to —50F) 

8 ASTM Manual for Rating Motor Fuels 
by Motor and Research Methods, issued as 4 


separate publication, 1956. 
9 See p. 268. 
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for Volume Reduction to 60F (extension of 
Table 6). 


(2) Low-Temperature Table (0 to —50F) 
for Volume Reduction to 60 F, abridged (exten- 
sion of Table 7). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee has reviewed the 
following 13 tentatives* which have 
stood two years or more without re- 
vision and, for good and _ sufficient 
reasons, discussed within the committee, 
recommends that they be continued as 
tentative without revision: 


D 96 - 52T, Test for Water and Sediment by 
Means of Centrifuge, 

D 155 - 45 T, Test for Color of Lubricating Oil 
and Petrolatum by Means of ASTM Union 
Colorimeter, 

D 285-54T, Test for Distillation of Crude 
Petroleum, 

D 396 - 48T, Specifications for Fuel Oils, 

D524-52T, Test for Carbon Residue of 
Petroleum Products (Ramsbottom Coking 
Method), 

D 808-52 T, Test for Chlorine in Lubricating 
Oils and Greases by the Bomb Method, 

D 909 - 49 T, Test for Knock Characteristics of 

- Aviation Fuels by the Supercharge Method, 

D 1087-52T, Recommended Practice for 
Volume Calculations and Corrections in the 
Measurement of Petroleum and Petroleum 
Products, 

D 1091-54T, Test for Phosphorus in Lubri- 
cating Oils, Lubricating Oil Additives, and 
their Concentrates, 

D 1218-52T, Test for Refractive Index and 
Refractive Dispersion of Hydrocarbon 
Liquids, 

D 1317 -54T, Test for Chlorine in Lubricating 
Oil (Sodium Alcoholate Volumetric Method), 

D 1318 -54T, Test for Sodium in Residual 
Fuel Oil by Flame Photometer, and 

D 1322 -54T, Test for Smoke Point of Jet 
Fuels. 


AMERICAN STANDARDS 


The committee recommends the 
following for action by ASA Sectional 
Committee Z11 on Petroleum Products 


and Lubricants; = 


Approval as American Standard: et ote 


Test for Copper Corrosion by Petroleum Prod- 
ucts (D 130 - 55 T), and 
Test for Evaporation Loss of Lubricating 
Greases and Oils (D 972 - 51 T). 


Reapproval as American Standard as Revised — 
in This Report: 


Test for Flash Point by Tag Closed Tester 
(D 56 - 52; Z11.24—1952), 
Test for Distillation of Gasoline, Naphtha, 


Viscosimeter (D 88 - 53; Z11.2-1953), 

Test for Flash and Fire Points by Means of | 
Cleveland Open Cup (D92-52; Z11.6— 
1952), 

Test for Water in Petroleum Products and | 
Other Bituminous Materials (D 95-46; 
Z11.9-1947), 

Test for Vapor Pressure of Petroleum Products | 
(Reid Method) (D 323-55; Z11.44-1955), 
Test for Knock Characteristics of Motor Fuels 
by the Motor Method (D 357 - 53; Z11.37— 

1953), 

Test for Knock Characteristics of Motor Fuels 
by the Research Method (D 908-55; Z11.69— 
1953), 

ASTM-IP Petroleum Measurement Tables 
(D 1250 - 55; Z11.83—1953; IP200/52), and 

Test for Tetraethyllead in Gasoline (D 526- 
53 T; Z11.48—1953). 

Method of Test for Saponification Number of 
Petroleum Products by Color-Indicator Titra- 
tion (Tentative) (D 94 - 56 T; Z11.20) 

Method of Test for Oil Content of Petroleum 
Waxes (Tentative) (D 721-56 T; Z11.52) 

Method of Test for Olefinic Plus Aromatic Hy- 
drocarbons in Petroleum Distillates (Tenta- 
tive) (D 1019 - 56; Z11.71) 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee, the results of 
which will be reported at the Annual 
Meeting.” 
10 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee, which the committee, 


consists of 126 voting members; 71 H. M. Suits, 


Acting Chairman. 
members returned their ballots, of whom ww. T, Gunn, 


65 voted affirmatively and 0 negatively. Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-2 presented to the Society — 
through the Administrative Committee on Standards the following recommendation: 


Revision of Tentative Specifications for: 
Gasoline (D 439-56 T), and 
Aviation Gasolines (D 910-56 T). 


These recommendations were accepted by the Standards Committee on September ’ 
5, 1956, and the revised specifications appear in the 1956 Supplement to Book of _ 
ASTM Standards, Part 5. 
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Turbine operators for some time have 
wanted a fast, reliable means of deter- 
mining the condition of their turbine 
oils. In particular, they are interested in 
detecting early indications of oil oxida- 
tion. This need was brought to the at- 
tention of Technical Committee C on 
Turbine Oils by a representative of the 
industrial power companies. As expressed 
by that representative, the power com- 
panies believed in the reliability of 
ASTM Method D 943, Test for Oxida- 
tion Characteristics of Inhibited Steam- 
Turbine Oils, but thought that it took 
too much time for a routine test. Also, 
the equipment required by Method 
D 943 was somewhat more complex and 
costly than was considered desirable by 
the smaller laboratories. Other nonstand- 
ard tests were available, but their 
dependability had not been established. 

This problem was discussed at a special 
meeting of Technical Committee C in 
September, 1952. At that meeting it was 
decided to develop an oxidation test 
which would enable any small laboratory 
to determine quickly whether or not a 
used turbine oil was liable to “break” if 
continued in service for an additional 
year. 

With that goal in mind, 13 laboratories 
participated in a preliminary study 
designed to include as many as practical 
of the various types of oxidation tests 
available. The following types of tests 
were included: 


11955 Book of ASTM Standards, Part 5. 
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TECHNICAL COMMITTEE C ON TURBINE OILS 


Test Conditions 
Dornte Oxygen........ Several modifications 
conducted at 250 or 
302 F for up to 


310 hr 

Modified Continental a 

ee 239 F, up to 1060 hr 
Modified Staeger...... 230 F, up to 720 hr 
Modified Brown Boveri. 230 F, 96 hr 
Sun Oxidation......... 280 F, 96 hr 
IP Method 114/47..... 230 F, 90 hr 
Rotary Bomb......... 302 F, up to 16 hr 
Sligh Oxidation........ 392 F, 2 hr 
B-10 Oxidation........ 260 F, 40 hr 


The results of this study narrowed the 
field to two or three types of tests. When 
the over-all simplicity and availability of 
equipment were considered, one method 
was selected for more intensive investi- 
gation. This was the B-10 Oxidation 
Test, hereinafter to be called the Short- 
Term Oxidation Test for Turbine Oils 
(STOT). A complete description of the 
method is given in Appendix I. Other 
methods of test are under continuing in- 
vestigation by the committee. 

Since the 40 hr required to complete 
this test seemed unduly long, the test 
was shortened arbitrarily to 6 hr, but 
no other significant changes were made 
in the procedure. With the modified 
method, new and used inhibited turbine 
oils and one uninhibited oil of turbine-oil 
quality were tested cooperatively. At 
the same time, one laboratory tested the 
same oils by ASTM Method D 943, the 
standard method. There is presented in 
Tables I and II the data obtained to 
date in the two cooperative testing 
programs of the short-time oxidation test 
(STOT) and ASTM Method D 943. 
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TABLE I.—SUMMARY OF TEST RESULTS BY SHORT-TIME OXIDATION TEST (STOT) 


AND ASTM METHOD D 943 ON SERIES X OILS. 


Short-Time Oxidation Test 
| Oil Company “B” | Oil Com, | Ol Company 
# Nev- Nev. New | New- | 
trali- tral- trali- tral trah 
zation Loss zation Lead Loss, mg zation Los zation Loss, zation Loss 
(me | Nae | me | 
crease) crease) crease) crease) crease) 
nil | nil {| 0.01) 0.9] 0.01) 0.5) 0.1 0.4 
{ nil | 0.4| 0.26 0.011 0.7 
0.02 | 0.03 1.7} 0.01] 0.7; 0.03 | 1.3 
Used oil 1 (20 000 hr)...... { 0.03 
‘ nil 1.6} 0.01 0.01) 2.3) nil | 2.1) nil 2.0 
wa { nil | 2.4] 0.32 0.00] 2.8] nil | 2.2 
Used oil 2 (26 000 hr)... { pe 
nil | nil | 0.02° 0.02} 0.9} 0.01) 0.7) 0.01 | 0.7 
{ nil | 0.21 0.14 0.01| 1.0 
(0.24 
Used oil 3 (45 000 )......{] |] 0-02 0.3] 0.01] 0.5 0.08 | 1.0 
nil 0.03} 0.9) nil 2.1; 0.01 | 0.6 
{ nil | 0.8| 0.14 0.001 0.9] nil | 2.5 
0.26 
3.37 |62.9] 1.63 2.34145.0) 2.31/43.2) 2.13° |47.3 
Used oil 4 (60 000 hr)...... { 1.87 |45.4| 2.03 3.21| 8.7| 2.11/55.3 
0.01 | 0.2)... 0.00) 1.5) nil 3.2) nil 0.9 
{ nil 1.0| 0.00° nil 35 
0.24 
. 
Used oil 5 (50 000 hr)...... { 0.01) 1.3 0.01 | 1.0 
0.722 |11.8' 0.89% 1.32 26.2) 0.68! 9.4, 1.17* '22.3 
New oil 6 (uninhibited)... .)| 0.29 | 5.3 2.988 | 1.36, 9.9 
| | 2.89 |) | | 
* These tests were run several weeks apart. 
© Wet air. 
ae Composite of quadruplicate runs. 
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4 On OXIDATION TEST FOR TURBINE OILS 
) TABLE I.—SUMMARY OF TEST RESULTS BY SHORT-TIME OXIDATION TEST (STOT) 
_ AND ASTM METHOD D 943 ON SERIES X OILS (Concluded). 7 
Short-Time Oxidation Test 
Oil Com- | Oil Com- | Oil Com . 
Sample No. New New- New- Ne utraliza ton 
zation | 2ation zation Irs, KOH per g | Status of Test 
crease) crease) cludes) Initial |Final 
4 0.0 | 0.4) nil | | 0.034] 5.8/1344 | 0.11 |3.13| Terminated 
{ nil | 0.1 0.9 
3 Used oil 1 (20 000 hr). 0.0 | 0.4 0.07 672 | 0.16 |3.02| Terminated 
. ‘ 
0 0.0 | 2.7) nil | 1.4) 0.01 | 1.8)1344 | 0.11 |5.94) Terminated 
nil | 1.2 3. 
4 
3 , 0.0 | 1.7| 0.05] 0.8] 0.06 | 2.8] 672 | nil |4.90) Terminated a 
Used oil 2 (26 000 hr). . a 0.05 0.5 9.3 id 7 
7 0.01 0.3| 0.05] 1.0} 0.06 | 3.4/3024+] trace |0.11| Test discon- 
0 0.0 | 1.1) 0.05] 0.9] 0.04 | 3.2)/3024+| nil |0.27| Test discon- 
Used oil 3 (45 000 hr)... 4 0.02] 1.3 1. 
6 Pape 0.0 | 1.5} 0.08] 0.9} nil | 1.6/2016 | nil |2.86| Terminated 
New oil 4........... ail 0.05| 1.1 1. 
3 2.32|31.1| 1.14/27.6] 1.89 |37.7] 48 | 0.77 |2.53| Terminated 
Used oil 4 (60 o00hr)....{ 1.24130.1 52. 
| . 0.0 | 1.4) 0.03) 1.3) 0.03 | 1.9/3024+/ nil |0.11) Test discon- 
9 { 0.03 1.5 1. tinued 
0 0.0 | 0.02) 1.5; 0.06 | 1.2/3024+| nil |0.11| Test discon- 
Used oil 5 (50 o0ohr).. ..{ nil | 0.9 1. tinued 
.55) 7.3) 1.11/16.5 0. .4| 48 il 3. i 
New oil 6 (uninhibited)... .{ 1| 13.6 nil Terminated 


bad 4 Average of duplicate tests. 
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TABLE II.—SUMMARY OF RESULTS BY SHORT-TIME OXIDATION METHOD (STOT) 
AND ASTM METHOD D 943 ON SERIES XI OILS. 


Short-Time Oxidation Test 
Oil Company “A”’ Oil Company “B”’ Oil Company ‘‘D”’ Oil Company “E” 
Neutralization Neutralization Neutralization Neutralization 
Sample No. Value alue alue 
eo 

ial’ 

| | 
Used oil 2A (2800f 0.05 0.050.000.60.05 0.06 nil |1.7|0.04:0.060.021.4 
0.05,0.8 0.07,0.06; nil |1.5)0 021.0 
Used oil 4A (3400 05 nil 

eal 
Used oil 6A (53 0.04; nil 0.04:0.040.000.7 
New oil 101 0.05'0.05 nil 
Used oil 102 000 nil |3.0}0.140.10' nil |2.3 
hr).. 0.10,0.10,0.00\2.0 | 0.10'0.08) nil 3.2/0.14.0.12, nil ¥ 
New oil 103 2.2}0.03'0.01) nil |1 
| | 

Used oil 104 0.250.25 nil '3.8:0.220.220.001.1 
New oil 105........ nil '1.8.0.040.02 nil 


Used oil 106 0.05 0.000.90.050.02 nil 0.90.060.060.000.9 


0.10,0.10.0.00)1 4) | \0.050. -02 nil 1.3.0.060.060.000.0 


Note.—Oil companies “C”’ and “G,” which submitted data on Series X oils, did not participate 
in tests on Series XI oils. 
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TABLE II.—SUMMARY OF RESULTS BY SHORT-TIME OXIDATION METHOD (STOT) 
AND ASTM METHOD D 943 ON SERIES XI OILS (Concluded). 
7 | Short-Time Oxidation Test ASTM Method D 943 
4 Neutralization Neutralization KOH per g ofc 
4 Sample No. Value 2 alue # ~ 
| Status of Test 
4 
4 sie lel 
0.05 0.07 0.02 0.6|0.06 0.08.0.02.0.9| 504:0.053.30+| Terminat 
3 
3 10.05 0.05 0.00 1.7/0.04 0.07 0.03'1.8| 672\0.05.4.40+ Terminated 
Used oil 4A (3400 hr) 
7 | | 
3 Used oil 6A (53 | Discontinued— 
6 | | 
9 Mow ofl 108 Discontinued— __ 
3 | || 
6 Used oil 102 | Terminated 
(54 000 br)........ 0.07)0.07 
5 
“2 0.02 0.02:0.00'0. | Terminated 
2 Used oil 104 0.160.180.020.5 0.140.150.01'2.5| Terminated 
‘1 New oil 105 0.09':0.10 0.01'1.2/0.04.0.94 0.00 1.8 1848.0.05.5.06 | Terminated 
.9 | 
).0 0.05 0.05 0.00 0.2'0.08 0.09 0.01 0.8 1848 0.055.94 | Terminated 
Used oil 106 (8000 hr) ape | | 
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The committee now is about to start 
a third series of cooperative tests. 
Throughout the last two series, all the 
samples represent oils actually in service. 
Some of them are the same oils tested 
in the first series, modified only by the 
additional months and years of use the 
products have undergone. Thus, Tech- 
nical Committee C is attempting to 
develop not just another oxidation test, 
but one which will reflect changes due to 


daily service. 


REpoRT OF COMMITTEE D-2 


The committee is aware that the use- 
fulness of the short method can be estab- 
lished thoroughly only if it is widely 
known and used. Therefore, it is offering 
the procedure at this time to the public 
in the hope that its utility can be more 
quickly explored. The comments of 
users of the method are invited. 


Respectfully submitted on behalf of 
the section, 


_E. A. REEL, 


Chairman. 
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ON 


GASEOUS 


Committee D-3 on Gaseous Fuels and 
its seven subcommittees held a joint 
meeting in New York, N. Y., on May 26, 
1955. 

R. H. Murray was elected secretary 
of the committee to replace K. R. Knapp 
upon his retirement shortly thereafter. 
The committee accepted the resignation 
of S. W. Burdick and E. F. Schmidt. 
J. F. Anthes was elected to the Advisory 
Committee. E. F. Hammerschmidt suc- 
ceeded Mr. Burdick as chairman of Sub- 
committee VI. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, L. T. Bissey. 

Vice-Chairman, F. E. Vandaveer. 

Secretary, R. H. Murray. 

ADOPTION OF TENTATIVE AS STANDARD 
WirtHovut REVISION 


The committee recommends that the 
ollowing one tentative method be 
approved for reference to letter ballot of 
the Society for adoption as standard 
without change: 


Tentative Method of: 
Test for Sulfur in Fuel Gases (D 1072 - 54 T).! 


This recommendation has been sub- 
mitted to letter ballot of the committee, 
the results of which will be reported at 
the Annual Meeting.” 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

11955 Book of ASTM Standards, Part 5. 

2 The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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AMERICAN STANDARDS 


Approval as Amcrican Standard was 
accorded by the American Standards 
Association to the following four ASTM 
standards prepared by Committee D-3. 
The date of approval was August 12, 
1955, and the ASA numbers assigned to 
the standards are indicated below: 


Standard Methods of: 


Analysis of Natural Gases by the Volumetric 
Chemical Method (ASTM D 1136-53; ASA 
77.1—1955), 
Analysis of Natural Gases and Related Types of 
Gaseous Mixtures by the Mass Spectrometer 
(ASTM D 1137 - 53; ASA 277.2—1955), 
Test for Water Vapor Content of Gaseous Fuels 
by Measurement of Dew Point Temperature 
(ASTM D 1142 - 53; ASA Z77.3—1955), and 
Sampling Natural Gas (ASTM D 1145-53; 
ASA Z77.4—1955). 


FUELS* 


1% 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee V on Determination of 
Special Constituents of Gaseous Fuels 
(L. T. Bissey, chairman) recommended 
the adoption as standard of Method 
D 1072 — 54 T referred to earlier in the 
report. Preliminary studies are in 
progress on the determination of particu- 
late substances in fue] gases. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(E. G. Hammerschmidt, chairman) 
plans to continue experimental work on 
the Brickell method for determination of 
water vapor in fuel gases. 

Subcommittee VII on Complete Analy- 
sis of Chemical Composition of Gaseous 
Fuels (D. V. Kniebes, chairman) recom- 
mended the continuation as tentative of 
Method D 1302 -— 53 T because of the 
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objections of Committee E-14 on Mass 
Spectrometry to acceptance in its pres- 
ent form. This method is being rewrit- 
ten in accordance with the recommenda- 
tions of Committee E-14. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 39 members; 33 members re- 


turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. T. BissEy, 
Chairman. 
R. H. Murray, 
Secretary. 
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ON 
- ON ROAD AND PAVING MATERIALS* 


Committee D-4 on Road and Paving 
Materials held two meetings during the 
past year: in Atlantic City, N. J., on 
July 1, 1955, and in Buffalo, N. Y., on 
March 2, 1956. 

The committee lost one member by 
death, namely, A. W. Dow, who was 
one of the original members. In recog- 
nition of Mr. Dow’s many valuable 
contributions to the work of the com- 
mittee and the loss which the members 
felt in his passing, an appropriate me- 
morial resolution was adopted and this 
resolution is being entered on the per- 
manent records of the committee and 
of the Society. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, K. B. Woods. 

First Vice-Chairman, A. B. Corn- 
thwaite. 

Second Vice-Chairman, Fred Hubbard. 

Third Vice-Chairman, J. O. Izatt. 

Secretary, J.M.Grifith, = 


- « 
The committee recommends that 


the following method be accepted for 
publication as tentative as appended 


New TENTATIVE 


Method for: 


Testing Graded Aggregate Road Mixes for 
Certain Water Soluble Chlorides Present as 
Admixes (jointly with Committee D-18). 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 3. 


The committee recommends that the 
Tentative Specifications for Preformed 
Expansion Joint Fillers for Concrete 
(Nonextruding and Resilient Types) 
(D 544-52T)? be revised as follows 
and continued as tentative: 
Section 3 (b).—Change to read as 
follows: 


REVISION OF TENTATIVE 


The test specimen shall be compressed to 
50 per cent of its thickness before test. The load 
shall be immediately released after application. © 
At the end of 10 min after release of application, 
the specimen shall have recovered to at least — 
90 per cent of its thickness before tests for types 
I and II, and to at least 70 per cent for type III. — 

In case of failure to comply with these re- 
quirements, the test specimen shall be given 
three applications of load sufficient to compress 
the material to 50 per cent of its thickness 
before test. The load shall be released imme- 
diately after each application. At the end of | 
1 hr after the third application the specimen 
shall have recovered as indicated above. 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tenta- 
tive revisions of the following standards 
as indicated: 


Specifications for Preformed Expan- 
sion Joint Fillers for Concrete, Non- 
extruding and Resilient Types (D 
544 — 49):? 


Section 4 (a).—Change to read as f 
follows: 


' The test specimen shall be compressed a 
50 per cent of its thickness before test. The load 


21955 Book of ASTM Standards, Part 3. 
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shall be immediately released after application. 
At the end of 10 min after release of application 
the specimen shall have recovered to at least 
90 per cent of its thickness before test for types 
I, Il, ITI, and IV, and to at least 70 per cent of 
its thickness before test for type V. 

In case of failure to comply with the above 
requirements, the test specimen shall be given 
three applications of a load sufficient to compress 
material to 50 per cent of its thickness before 
test. The load shall be immediately released 
after each application. At the end of 1 hr after 
the third application the specimen shall have 
recovered as indicated above. 


Specifications for Emulsified Asphalt 
(D977 -53):? 


Section 1.—Delete the sixth para- 
graph pertaining to Type MS-3. 
Section 2 (b).—-Delete reference to 
and requirements for specific gravity. 
Table I.—Delete reference to Type 
MS-3. 


Specifications for Bituminous Mixing 
45 Plant Requirements (D 995 - 55):? 
i 


_ Section 2 (b).—Add the following to 
the end of this Section: 


“Separate tanks and pipe lines shall be 
provided when mixtures containing asphalt 
cement and liquid asphaltic materials are to be 
produced in the same mixer. When tar products 
or emulsified asphalt are to be used as the bind- 
ing medium in bituminous mixtures, separate 
storage tanks as well as separate pipe lines shall 
be provided.” 


Section 2 (d).—Change the second 
sentence to read, “The drier shall be 
capable of drying and heating the 
aggregate to the temperature require- 
ments set forth in the specifications 
without leaving any unburned oily 
residue on the aggregate when it is dis- 
charged from the drier.” 


3 This method will be presented to the Admin- 
istrative Committee on Standards subsequent to 
the Annual Meeting; the revision of Method 
D 1188 can only become effevtive upon the ap- 


tee. 
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proval of new method by the Standards Commit- 
Bituminous Mixtures.’ 


Methods of Testing Preformed Expan- 
sion Joint Fillers for Concrete, Non- 
extruding and Resilient Types (D 
545 — 49):? 


Section 4 (d).—Change to read as 
follows: 


For the determination of the percentage of 
recovery, the test specimen shall be given a 
single application of a load sufficient to compress 
it to 50 per cent of its thickness before test. The 
load shall be applied without shock and at such 
a rate that the specimen will be compressed 
approximately 0.05 in. per min. The load shall 
be immediately released after application and 
permitted to recover 10 min, after which the 
thickness shall be measured. The load trans- 
ferring apparatus and spherical bearing block 
shall be removed from the test specimen follow- 
ing the load application. The percentage of 
recovery shall be calculated as follows: 


d 
Recovery, per cent = ; xX 100 


where: 

t = thickness of the specimen before test, and 

= thickness 10 min after completion of the 
application of load. 


In case the specimen fails to comply with 
requirements of the specification the test speci- 
men shall be tested in accordance with Sec- 
tion 4 (d) of 1955 Book of ASTM Standards. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revision 
of the Method of Test for Specific 
Gravity of Compressed Bituminous 
Mixtures (D 1188 — 53)* and accordingly 
asks for the necessary nine tenths 
affirmative vote at the Annual meeting 
in order that the revision may be re- 
ferred to letter ballot of the Society: 

Section 4 (e).—Replace the reference 
to the Standard Method of Test for 
Water in Petroleum Products and Other 
Bituminous Materials (ASTM Desig- 
nation: D 95) with a reference to a 
new Tentative Method for Determina- 
tion of Moisture or Volatile Distillates 
——_ 
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ADOPTION OF TENTATIVE REVISION 
AS STANDARD 


The committee recommends that 
the tentative revision issued June, 
1955 of the Standard Method of Test 
for Distillation of Tars and Tar Prod- 
ucts (D20-55)? be approved for 
reference to letter ballot of the Society 
for adoption as standard. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-4 recommends that the 
following specifications and methods 
be continued as tentative without re- 
vision. In all cases, subcommittees 
responsible for these tentatives consider 
that further work is required before 
recommending their adoption as stand- 
ard: 


Tentative Specifications for: 

Asphalt Cement for Use in Pavement Construc- 
tion (D 946 - 47 T), 

Concrete Joint Sealer, Hot-Poured Elastic 
Type (D 1190-52T), 


Tentative Methods of Test for: 


Loss on Heating of Oil and Asphaltic Com- 
pounds (D6-39T), 

Moisture-Density Relations of Soils (D 698 - 
42T), 

Soil-Bituminous Mixtures (D 915 -47 T), 

Shear Strength of Flexible Road Surfaces, Sub- 
grades and Fills by the Burggraf Shear 
Apparatus (D 916 -47T), 

Bitumen Content of Paving Mixtures by 
Centrifuge (D 1097 - 54T), 

Vacuum Distillation of Liquid and Semi-Solid 
Asphaltic Materials to Obtain a Residue of 
Specified Penetration (D 1189-52T), and 

Concrete Joint Sealers (D 1191-52 T). 


EDITORIAL CHANGE 


Committee D-4 recommends the 
following editorial change in the Method 
of Test for Soft Particles in Coarse 
Aggregates (C 235 — 54): 

Title—Change to read “Method of 
Test for Scratch Hardness of Coarse 
Aggregate Particles.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee B-2, Physical Tests 
for Compressed Bituminous Mixtures 
(L. F. Rader, chairman) is continuing 
its activities in the preparation of 
methods of test for stability and flow 
measurements by the Marshall test 
apparatus, stabilometer and cohesiome- 
ter test measurements by the Hveem 
apparatus, and a method of compaction 
of bituminous specimens by the kneading 
compactor. The Marshall procedures 
have been submitted to the committee 
as information only. The subcommittee 
has also prepared, as information only, 
a proposed Hveem Method of Test for 
Resistance to Deformation and Cohesion 
of Bituminous Mixtures and a proposed 
method for preparing laboratory speci- 
mens for bituminous mixtures by the 
Kneading Compaction method. 

The subcommittee has recommended 
the publication as tentative of the 
Method for Determination of Moisture 
or Volatile Distillates in Bituminous 
Mixtures, referred to previously in the 
report.? This method is identical with 
American Assn. of State Highway 
Officials Method T 110-42. The sub- 
committee considers this method to 
be superior to the Method of Test for 
Water in Petroleum Products and 
Other Bituminous Materials (D 95) 
for the determination of moisture in 
bituminous paving mixtures. 

Subcommittee B-3, Distillation (J. W 
Donegan, chairman) is drafting a state- 
ment on precision for the Method of 
Test for Distillation of Cut-Back As- 
phaltic Products (D 402-49). The 


4 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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subcommittee is also working on pro- 
posed revisions of Method D 95 - 46. 
Subcommiltee B-5, Softening Point 
(D. F. Fink, chairman) is working on 
proposed revisions of the Method of 
Test for Softening Point by Ring and 
Ball Apparatus (E28-51T) with a 
view to making it a tentative revision 
of Method of Test for Softening Point 
of Bituminous Materials (D 36-26). 
A task group is examining Institute of 
Petroleum Method 58 on Softening 
Point in an effort to eliminate possible 
minor differences between the IP 
method and Method D 36. 
Subcommittee B-6, Extraction and 
Recovery of Constituents from Bituminous 
Mixtures (R. R. Thurston, chairman) 
is investigating a possible source of 
error in penetration test results of re- 
covered asphalts by Method D 762 - 49. 
A modification of the tube delivering 
CO; to the flask in the recovery portion 
of this method is being studied to deter- 
mine if such a revision is required. The 
subcommittee also has under considera- 
tion a possible requirement for the use 
of filter paper, in addition to the felt 
ring, in Method of Test for Bitumen 


Subcommittee B-12, Structural Proper- 
ties of Mineral Aggregates (Stanton 
_ Walker, chairman) is considering in- 
corporating in the Method of Test for 
Soft Particles in Coarse Aggregates 
(C 235-54) requirements for an appara- 
tus to subject particles under test to a 
uniform load as well as other detailed 
changes. This work is being coordinated 
with Subcommittee III-e of Committee 
C-9 since Method C 235 is under the 
joint jurisdiction of Committees C-9 
and D-4. 
* Subcommittee B-14, Specific Gravity 
of Fine and Coarse Aggregates (H. T. 
_ Williams, chairman) completed the 
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arrangements for a Symposium on Spe- 
cific Gravity of Bituminous Coated Ag- 
gregates’’® to be presented at the 1956 
Annual Meeting of the Society. 

Subcommittee B-15, Sampling Road 
Materials (R. E. Britton, chairman) 
has under consideration several pro- 
posed revisions of Methods of Sampling 
Stone, Slag, Gravel, Sand, and Stone 
Block for Use as Highway Material 
(D 75) and Methods of Sampling Bitu- 
minous Paving Mixtures (D 979). 

Subcommitiee B-16, Setting Qualities 
of Bituminous Materials (A. B. Corn- 
thwaite, chairman) has completed a co- 
operative test program with respect to 
the Rolling Ball test procedure for de- 
termining the rate of setting of bitumi- 
nous materials. Further studies are 
being made on the effect of temperature 
on rate of flow, air currents in the curing 
ovens, angle of plate for Rolling Ball 
test and the use of different sizes of test 
balls. 

Subcommittee B-17, Emulsion Tests 
(R. R. Thurston, chairman) is studying 
the repeatability and reproducibility 
of thirteen methods of test outlined in 
Method of Testing Emulsified Asphalts 
(D 244). Proposed methods of testing 
emulsified asphalts for stability are 
also being studied. 

Subcommittee B-19, Accelerated Tests 
for Durability of Bituminous Materials 
(D. C. Taylor, chairman) through a 
task group is conducting cooperative 
tests on the thin film oven test as de- 
veloped by the Bureau of Public Roads. 
The subcommittee is also making a 
study of the Shell Oil Co. micro thin 
film test. 

Subcommittee B-24, Penetration Test 
(J. Y. Welborn, chairman) is considering 
a proposed revision of the Method of 
Test for Penetration of Bituminous 


5 Issued as separate publication, ASTM STP 
No. 191. 
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Materials (D 5). Tentative specifications 
for a new needle to include closer con- 
trol of the more critical features have 
been prepared, and a _ cooperative 
testing program will be carried out with 
these new needles. 

Subcommittee B-25, Effect of Water 
on Compressed Bituminous Mixtures 
(C. A. Carpenter, chairman). has un- 
der consideration possible modifica- 
tions of the Method of Test for Effect 
of Water on Cohesion of Compacted 
Bituminous Mixtures (D 1075 — 54), par- 
ticularly with regard to the method of 
compaction. 

Subcommittee B-26, Effect of Water 
on Bituminous Coated Aggregates (C. 
M. Hewett, chairman) is studying a 
variety of methods for the determination 
of the stripping resistance of aggre- 
gates used in bituminous paving mix- 
tures. 

Subcommittee C-4, Emulsified As- 
phalts (C. E. Proudley, chairman) has 
recommended the elimination of grade 
MS-3 and specific gravity of residue 
requirements from Specifications D 977 
referred to previously in the report. 
The subcommittee now has under con- 
sideration a proposal to eliminate also 
grade MS-1 from the specifications. 

Subcommittee C-8, Water-Bound Roads 
(R. R. Litehiser, chairman) is consider- 
ing changes in the Specifications for 
Crushed Stone, Crushed Slag, and 
Gravel for Waterbound Macadam Bases 
and Surface Courses of Pavements 
(D 694-55). These suggested changes 
were largely editorial in nature but they 
will represent a major rearrangement 
of the various items included in the 
specifications. A revised draft of the 
specifications is therefore being sub- 
mitted to all members of the subcom- 
mittee for consideration and comments. 

Subcommittee C-12, Bituminous Sur- 
face Treatments (J. O. Izatt, chairman) 
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is considering revisions of the Specifi- 
cations for Crushed Stone, Crushed Slag, 
and Gravel for Single, Double, or Mul- 
tiple Bituminous Surface Treatments 
(D 1139-55 T) with respect to defi- 
nitions for crushed gravel, and limits 
for deleterious substances in the plus 
No. 4 portion of the aggregates. 

Subcommittee C-13, Bituminous Pav- 
ing Plant Operations (1. H. Boggs, chair- 
man) prepared the tentative revisions 
of Specification D 995-55 referred to 
previously in the report. 

Subcommittee D-1, Calcium Chloride 
and Sodium Chloride for Use as Road 
Materials (H. F. Clemmer, chairman) 
has under consideration proposed re- 
visions of Specifications for Calcium 
Chloride (D 98 - 48) and Sodium Chlo- 
ride (D 632-43). 

Subcommitiee D-2, Highway Traffic 
Markers (Paints, Insets and Strips) 
(N. G. Smith, chairman) is considering 
the development of more satisfactory 
specifications for permanent type traf- 
fic markers and proposed specifications 
for reflective materials for highway 
signs. 

Subcommittee D-3, Expansion Joint 
Materials (H. F. Clemmer, chairman) 
has under consideration a number of 
items among which are the preparation 
of specifications for preformed expan- 
sion joint materials used in bridges 
and other highway structures; the 
preparation of specifications for jet 
fuel resistant joint sealer; the formula- 
tion of a method of test for extrusion 
of premolded joint filler under heat; 
a determination of the value of the hy- 
drochloric acid test for cork premolded 
joint material; and the preparation of | 
methods and specifications for deter- 
mining the ability of joint materials to 
withstand handling at the construction 
site. The subcommittee has prepared 
the alternate test for determining the 


: 
e- 
56 
ad 
n) 
rO- 
ng 
ial 
tu- 
ies 
m- 
co- 
to 
«| 
de- 
ni- 
are 
sal 
est 
ests 
ing 
in 
alts 
ing 
are | 
ests 
tals 
1a 
tive 
de- 
thin 
ring 
1 of | 
10US 4 
STP 
| 
je 
ial 


294 


recovery of a premolded joint filler 
material after compression, referred to 
previously in the report, as tentative re- 
visions of Specifications D 544 - 49 and 
D 544-52T and Method D 545 - 49. 

Joint Subcommittee of Committees 
D-4 and D-18, Tests and Specifications 
for Stabilized Soils (H. F. Clemmer, 
chairman) has prepared the proposed 
Tentative Method of Testing Graded 
Aggregate Road Mixes for Certain 
Water Soluble Chlorides Present as 


Admixes referred to previously in the 
report. 


REPORT OF COMMITTEE D-4 


This report has been submitted to 
letter ballot of the committee, which 
consists of 166 members; 113 members 
returned their ballots, of whom 109 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
C. W. ALLEN, 
Chairman. 
J. M. GRIFFITH, 
Secretary. 


EpItoRIAL NOTE 


Subsequent to the Annual Meeting, Committee D-4 presented to the Society through 
the Administrative Committee on Standards the recommendation that the Standard 
Specifications for Calcium Chloride (D 98 - 48) be revised and reverted to tentative 
status. This recommendation was accepted by the Standards Committee on November 
15, 1956, and the tentative specifications appear in the 1956 Supplement to Book of 


ASTM Standards, Part 3. 
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4 ON 
COAL AND COKE* 
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Committee D-5 on Coal and Coke held 
one meeting during the year: in Atlantic 
City, N. J., on June 28, 1955; in addi- 
tion, subcommittee meetings were held 
in Columbus, Ohio, on October 18-21, 
1955, and in Buffalo, N. Y., on February 
27-29, 1956. 

During the year two members were 
added to the committee, resulting in a 
total voting membership of 61; of whom 
16 are classified as producers, 22 as con- 
sumers, and 23 as general interest 
members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, O. N. Rees. 

Vice Chairman, R. L. Coryell. 

Secretary, C. C. Russell. 


NEw TENTATIVE 


The committee recommends that the 
Method of Test for Equilibrium Moisture 
of Coal at 96-97 per cent Relative Hu- 
midity and 30 C be accepted for publica- 
tion as tentative as appended hereto." 


TENTATIVE REVISION OF STANDARD 


The committee recommends the fol- 
lowing tentative revision of the Standard 
Definitions of Terms Relating to Coal 
and Coke (D 121 - 30)? 

Add the following new definition: 


Equilibrium Moisture of Coal, is the moisture 
content retained at equilibrium in an atmosphere 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 5. 

21955 Book of ASTM Standards, Part 5. 


over a saturated solution of potassium sulfate 
at 30 C, and 96 to 97 per cent relative hu- 
midity. When the sample, before such equilibra- 
tion, contains total moisture at or above the | 
equilibrium moisture, the equilibrium moisture | 
may be considered as equivalent to inherent — 
or bed moisture; and any excess may be con- 
sidered as extraneous moisture. 


The recommendations in this report 
have been submitted to letter ballot of | 
the committee, the results of which will _ 
be reported at the Annual Meeting. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitiee II on Nomenclature and 
Definitions (C. H. Sawyer, chairman) 
prepared the tentative revision of the 


Standard Definitions of Terms Relating 
to Coal and Coke (D 121 - 30) referred 
to earlier in the report, consisting of a 
definition for Equilibrium Moisture of 
Coal at 96 to 97 per cent relative hu- 
midity and 30 C. This new definition is 
required for use in conjunction with the 
new Method of Test for Equilibrium 
Moisture of Coal. 

Subcommittee VII on Pulverizing Char- 
acteristics of Coal (H. F. Yancey, chair- 
man) is drafting a revision of the Stand- 
ard Method of Test for Grindability of 
Coal by the Hardgrove Machine Method 
(D 409-51) to provide more rigorous 
procedures for sample preparation and 
sieving techniques. Investigation is being 
made of the possibility of increasing the 


3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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size range of the laboratory sample used 
in the Hardgrove grindability machine. 

Subcommittee XV on Plasticity and 
Swelling of Coal (Michael Perch, chair- 
man) is seeking data through ISO/TC 
27 regarding the repeatability and repro- 
ducibility of the Audibert-Arnu dila- 
tometer, as well as a correlation of the 
results of the test with the coking proper- 
ties of various ranks of coals. 

The subcommittee is conducting a new 
and extensive series of tests to determine 
operating variables of the Gieseler 
plastometer. A series of tests is to be 
made on completely standardized ap- 
paratus to determine repeatability and 
reproducibility of the method, all results 
to be analyzed statistically in accordance 
with a previously approved design of 
experiment. 

The subcommittee is considering 
recommending the tentative revision of 
the Standard Method of Test for Free 
Swelling Index of Coal (D 720-46) for 
adoption as standard. ' 

Subcommittee XX on Sampling and 
Fineness Test of Pulverized Coal (E. L. 
Rogers, chairman) is working on the 
second draft of a proposed revision of the 
Standard Method of Sampling and Fine- 
ness Test of Powdered Coal (D 197 - 30), 
the object of the revision being to include 
the latest techniques and to specify the 
testing procedures in greater detail. 

Subcommittee XXI on Methods of 
Analysis (O. W. Rees, chairman) pre- 
pared the new Tentative Method of Test 
for Equilibrium Moisture of Coal at 
96 to 97 per cent Relative Humidity and 
30 C, referred to earlier in the report. 
This method affords a means for estimat- 
ing the bed moisture of coal and also for 
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estimating the surface or extraneous 
moisture of wet coal. The tentative re- 
vision of the Standard Method of Labo- 
ratory Sampling and Analysis of Coal 
and Coke (D 271-48) has elicited 
several suggestions regarding the revised 
carbon and hydrogen methods. 

Subcommittee XXIII on Sampling 
(W. M. Bertholf, chairman): Section A 
on Coal Sampling is conducting a series 
of experiments to obtain variance versus 
increment weight curves on a number of 
coals of the United States and Canada, 
which data will provide sampling charac- 
teristics of coals with known histories 
that can be used as the basis for specify- 
ing sampling requirements for various 
classes of coals. 

As a result of the conclusions reached 
at the Coal Symposium held in June, 
1954, Section C on Sample Preparation 
is experimenting with various types of 
sample splitters in an attempt to reduce 
the variances at various stages of sample 
preparation. Investigation is also being 
made of the possibility of reducing 
sample preparation to a minimum of 
two stages. 

This report hes been submitted to 
letter ballot of the committee, which 
consists of 61 voting members; 58 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


W. W. ANDERSON, 
Chairman. 
O. P. BryscuH, 
Secretary. 
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REPORT OF COMMITTEE D-6 
ON 


- PAPER AND PAPER PRODUCTS* 


Committee D-6 on Paper and Paper 
Products held two meetings during the 
year: on June 30, 1955, in Atlantic 
City, N. J., and on February 24, 1956, 
in New York City. The Advisory and 
other subcommittees held meetings in 
conjunction with the main committee. 

The committee consists of 95 members, 
of whom 81 are voting members; 36 are 
classified as producers, 26 as consumers, 
and 33 as general interest members. 

A method of maintaining closer co- 
operation with the Technical Association 
of the Pulp and Paper Industry has been 
implemented through the establishment 
of joint task groups for individual test 
methods. When details of a method are 
worked out by the task group, approval 
will proceed along previously established 
procedures by each organization. This 
procedure should eliminate duplication 
of effort and keep the standards of the 
two societies in closer agreement. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, R. H. Carter. 

Vice-chairman, H. A. Birdsall. 

Secretary, R. E. Green. 


ADOPTION OF TENTATIVE AS STANDARD 
WirHovut REVISION 


The committee recommends that the 
Tentative Methods of Testing Analytical 
Filter Papers (D 981-51 T)! be ap- 
proved for reference to letter ballot of 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. 
11955 Book of ASTM Standards, Part 7. 


the Society for adoption as standard 
with editorial revision of Section 5. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 


following eight tentative methods, which © 


have stood for two years without revi- 
sion, be continued as tentative: 
Tentative Method of Test for: 


Puncture and Stiffness of Paperboard, Corru- 
gated and Solid Fiberboard (D 781 - 44 T), 


Stretch of Paper and Paper Products Under — 


Tension (D 987 - 48 T), 
Water Vapor Permeability of Paper and Paper- 
board (D 988 - 51 T), 


Chloride Content of Paper and Paper Products _ 


(D 1161 - 51 T), 


Pinholes in Glassine and Other Greaseproof 


Papers (D 1221 - 52 T), 

Contrast Gloss of Paper at 
(D 1222 - 52 T), 

Specular Gloss of Paperat 75 deg (D 1223 - 
52 T), and 

Dimensional Changes of Paper with Changes in 
Moisture Conditions (D1270-53T). 


57.5 deg 


EDITORIAL CHANGES 7 
The committee recommends that the 


following standard be editorially re- 


vised as indicated: 
Standard Method of Test for Pentosans 
in Paper (D 688 — 44):! 


Section 2(b).—In the sixth line, after 
the word “long,” add the word “spiral.” 


Section 7.—Change to read as follows: 


7. Calculate the pentosan content of the 


paper as follows: 


7.5N(v2 — 


Pentosans, per cent = W 
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where: 


N = normality of thiosulfate solution, 

2% = volume of thiosulfate solution used in test, 

ve = volume of thiosulfate solution used in 
blank, and 

W = weight of specimen after correcting for 
moisture. 


Norte.—The factor 7.5 is the product of 


100 X 0.048 
0.727 X 0.88 


where: 0.048 is the weight of furfural in grams 


corresponding to 1 ml of N thiosulfate solution; 
0.727 is the theoretical conversion factor of pen- 
tosans to furfural; and 0.88 is a factor to com- 
pensate for the incomplete conversion of pen- 
tosans to furfural. The correction factor of 1.0 
is applied to compensate for the hydroxymethy]- 
furfural arising from the cellulose. 

The factor 0.88 is based upon the observation 
that the yield of furfural from xylose is 88 per 
cent of the theoretical in this method of distilla- 
tion. The corresponding value for arabinose is 
74 per cent, and a furfural yield of 80 per cent 
is frequently taken as an approximate average 
in calculating furfural yields to pentosans. How- 
ever, since xylan constitutes most if not all of 
the pentosans in wood pulp, it appears preferable 
to use the factor 0.88. If both araban and xylan 
are present, the above equation becomes: 


8.25N — 1) 
W 


Pentosans, per cent = 1.1 


This equation with the omission of the 1.1 per 
cent correction, gives values which are com- 
parable with those obtained by using Krober’s 
tables, in which the conversion of pentosans to 
furfural is also arbitrarily taken as 80 per cent. 

The factors 0.80 and 0.88 which are applied 
to compensate for the incomplete conversion of 
pentosans to furfural are somewhat arbitrary. 
If the analyst desires values in which these 
factors do not appear, and in which the furfural 
actually obtained is converted to equivalent 
pentosans, a minimum pentosan content may be 
calculated by the equation: 


6.80 N (v2 — 1) - 


0.9 
W 


 Pentosans, per cent = 


where: 


6.80 = 1.03 X 0.0480 K 100 


0.727 


The factor 1.03 is the correction nec- 
se to account for the destruction of 


furfural during the distillation. 


W = weight of specimen after correcting for 
moisture, ash, and any filling and sizing 
materials present, and 

0.9 = constant to correct for hydromethy] fur- 
fural. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Sampling and 
Conditioning (R. H. Lace, chairman) 
is continuing its work on a revision of the 
Method of Sampling Paper and Paper 
Products (D 585 —- 42). 

Subcommittee II on Chemical Test 
Methods (E. G. Ham, chairman) is 
carrying out investigations which may 
lead to proposed revisions in the Method 
of Test for Starch in Paper (D 591 - 42), 
Method of Qualitative Examination of 
Mineral Filler and Mineral Coating of 
Paper (D 686 - 48), Method for Quanti- 
tative Determination of Coating on 
Mineral-Coated Paper (D 687 - 44), 
Method of Test for Reducible Sulfur in 
Paper (D 984-50), Method of Test 
for Titanium Dioxide in Paper 
(D 921 - 49), and Method of Test for 
Chloride Content of Paper and Paper 
Products (D 1161 - 51 T). 

Subcommittee III on Physical Test 
Methods for Paper (L. Price, chairman) 
recommended the adoption as standard 
of the Tentative Methods of Testing 
Analytical Filter Paper (D 981 - 51 T). 

Subcommittee IV on Physical Test 
Methods for Container Board (W. B. 
Lincoln, Jr., chairman) is continuing 
its work on a revision of the Method of 
Test for Puncture and Stiffness of 
Paperboard, Corrugated and Solid Fi- 
berboard (D 781 - 44 T) and is working 
toward a proposed revision of the Method 
for Flat Crush of Corrugated Paper- 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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board (D 1225 — 54). Work is also under 
way on a method for evaluating corrugat- 
ing mediums. 

Subcommittee VI—Editorial (L. S. 
Reid, chairman) is continuing its work 
of editing and preparing sections on 
significance of test for all of the methods. 


This report has been submitted to let- 
ter ballot of the committee, which con- 


sists of 81 voting members; 46 members 
returned their ballots, of whom 41 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


W. R. WILLETs, 
Chairman. 
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R. H. CARTER, 
Secretary. 
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REPORT OF COMMITTEE D-7 
ON 


Committee D-7 on Wood met in Chi- 
cago, Ill., on March 12 and 13, 1956. 
The following subcommittee meetings 
preceded the main committee meeting: 
Subcommittee VII on Wood Poles and 
Cross Arms, Subcommittee XI on Mois- 
ture Content, Subcommittee XIII on 
Durability and Exposure, and Subcom- 
mittee XV on Structural Fiberboards. 

Eleven applicants were elected to 
membership on the committee; there 
were six resignations and one death. 
One new subcommittee chairman was 
appointed during the year—Wayne E. 
Moore, Subcommittee XIV on Methods 
of Chemical Analysis. 

The officers elected for the ensuing 

- term of two years are as follows: 

Chairman, L. J. Markwardt. 

Secretary, L. W. Smith. 


NEw TENTATIVE 


: The committee recommends that the 
Method of Testing Wood Preservatives 
by Laboratory Soil-Block Cultures be 
accepted for publication as tentative as 
appended hereto.' 


REVISION OF TENTATIVES 


The committee recommends that the 
Tentative Method of Test for Evaluat- 
ing the Properties of Building Fiber- 
boards (D 1037 —- 52 T)? be revised to 

include the methods for nail-head pull 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. 

1 The new tentative appears in the 1956 Sup- 
_ plement to Book of ASTM Standards, Part 4. 
21955 Book of ASTM Standards, Part 4. 


through, block shear, and glue-line shear, 
as appended hereto,’ and continued as 
tentative. 


ADOPTION OF TENTATIVES AS 
STANDARD WITHOUT REVISION 


The committee recommends that the 
following tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without revi- 
sion: 

Specifications for: 
Copperized Chromated Zinc Chloride (D 1271 - 

53 T),? 


Pentachlorophenol (D 1272 - 53 T),? 
Ammoniacal Copper Arsenite (D 1325 - 54 T),? 


Methods for Chemical Analysis of: 


Copperized Chromated Zinc Chloride (D 1273 - 
53 T),? 

Pentachlorophenol (D 1274 - 53 T),? 

Ammoniacal Copper Arsenite (D 1326 - 54 T),? 


Methods of Test for: 

Ash in Wood (D 1102 - 50 T),? 

Holocellulose in Wood (D 1104 - 50 T) a 

Lignin in Wood (D 1106 — 50 T)? 2 

Alcohol-Benzene Solubility of Wood (D 1107 - 
50 T),? 

Ether Solubility of Wood (D 1108 - 50 T),? 

One Per Cent Caustic Soda Solubility of Wood 
(D 1109 - 50 T), 

Water Solubility of Wood (D 1110-50 T), and 


Method for Preparation of: 
Extractive-free Wood (D 1105 - 50 T). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives be continued in 
their present status pending further 
study: 
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Tentative Specifications for: 
Modified Wood (D 1324 - 54 T), and 
Tentative Methods of: 
Establishing Structural 

(D 245 - 49 T). 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting? 


Grades of Lumber 


ACTIVITIES OF SUBCOMMITTEES | 


Subcommitiee I on Specifications for 
Timber (L. W. Wood, chairman) con- 
tinues to study possible revisions of the 
Tentative Methods for Establishing 
Structural Grades of Lumber (D 245 - 
49 T). 

Subcommittee II on Laminated Timber 
(Frank J. Hanrahan, chairman).—In 
view of the developments in testing prac- 
tice with respect to glue joints, the sub- 
committee is working on a complete 
revision of the Standard Method of 
Test for Integrity of Glue Joints in 
Laminated Wood Products for Exterior 
Service (D 1101 — 53). 

Subcommittee VI on Timber Preserva- 
tives (D. L. Davies, chairman).—Sub- 
committee 19 on Glass Laboratory Ap- 
paratus of ASTM Committee E-1 sug- 
gested several changes in the design of 
the tar-acid separatory funnels illus- 
trated and specified in the Test for 
Water in Creosote (D 370 - 33) and Test 
for Tar Acids in Creosote and Creosote- 
Coal Tar Solutions (D 453-41). The 
suggestions are being held for further 
consideration. 

Subcommittee VII on Wood Poles and 
Cross Arms (R. P. A. Johnson, chair- 
man).—The ASTM Wood Pole Research 
Program has occupied most of the sub- 
committee’s attention. The tests on 
lodgepole pine poles have resulted in 
lower stress values than had been antici- 

3 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


pated, which has raised the question as to 
whether samples of lower than average 
specific gravity had been used and 
whether some lodgepole pine producing © 
areas had been sampled adequately. A 
check on the age and specific gravity of _ 
poles now on the market in pole yards is 
being made. Regardless of previous 
sampling, the lodgepole pine poles for 
preservative treatment will be selected 
to match as nearly as possible the un- — 
treated poles in accordance with the > 
original working plan. 

At present, all untreated poles in- 
cluded in the research program have been 
tested and the interim reports on Doug- 
las-fir, southern pine, and western larch 
poles have been printed and distributed. | 
Some treated poles are being delivered — 
and tests are starting. The work will 
not be finished for another year and a 
half, and no active reconsideration of 
pole stresses by the ASA Sectional — 


Committee O 5 can be undertaken until 


the ASTM data are analyzed and re- 
ported. 

In order to facilitate the orderly prog- 
ress of the work, the Ways and Means 
Advisory Group suggested that the 
program be established on a three-— 


rather than a two-year basis. Due to in- a 


creased costs and additional work in- | 
cluded since the work was planned 
several years ago, the total estimated 
cost is now $254,000. To date about 
$160,000 has been collected. Contribu- 
tions are being invited to underwrite the 
completion of the work. 

Subcommittee XI on Moisture Con- 
lent of Timber (R. C. Rietz, chairman) 
held an organization meeting on March 
12, 1956. Since the oven-dry method is" 
the only procedure in ASTM standards 
for determining the moisture content of 
timber, several additional methods will © 
be studied during the coming year. a 

Subcommittee XIII on Durability — 


Exposure (R. M. Lindgren, chairman).— 
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The principal effort during the year was 
in the development of the proposed 
Method of Testing Wood Preservatives 
by Laboratory Soil-Block Cultures re- 
ferred to previously in this report. The 
usual method of evaluating wood pre- 
servatives is by exposure of treated 
specimens to contact with the ground in 
outdoor sites. The new method, based on 
developments in progress for some 15 
years, provides a soil-block technique as 
a laboratory procedure for testing wood 
preservatives. Initial trials of the soil- 
block method were made by the Bell 
Telephone Laboratories. Similar de- 
velopmental work has been in progress 
at the Forest Products Laboratory for 
the past 10 years. Research on the 
method also has been carried out at 
several other governmental, state, and 
private laboratories in the United States 
and Canada. Such developmental work 
during the past 5 years has been accom- 
panied by actual use of the method in 
supplying information on a number of 
problems. The method is being used as 
a laboratory tool in Australia, New Zea- 
land, Sweden, Indonesia, and several 
other countries, as well as in the United 
States and Canada. 

_ The subcommittee expects to con- 
sider an accelerated laboratory test 
method for evaluating natural decay re- 
sistance of wood, and consideration may 
be given to accelerated field testing 
methods for evaluating both preserva- 
tives and natural decay resistance of 
wood. Available for consideration is 
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an American Wood Preservers Associa- 
tion procedure for accelerated field 
testing of preservatives, involving the 
use of 9-in. and 2- by 4-in. stakes. 

Subcommittee XIV on Methods of 
Chemical Analysis (Wayne E. Moore, 
chairman) has reviewed the standards 
with which it is concerned and recom- 
mends that eight tentatives be adopted 
as standard. 

Subcommittee XV on Structural Fiber- 
boards (W. C. Lewis, chairman) has 
investigated preservative treatments to 
protect fiberboards against termite at- 
tack and decay. It is expected that a 
draft of a proposed standard nomencla- 
ture will be ready for correlation with 
Subcommittee X during the coming 
year. Three additional test procedures 
for nail-head pull through, block shear, 
and glue-line shear have been developed 
which are recommended for incorpora- 
tion in the Tentative Methods of Evalu- 
ating the Properties of Building Fiber- 
Boards (D 1037 - 52 T). 

This report has been submitted to 
letter balloc of the committee, which 
consists of 94 voting members: 53 mem- 
bers returned their ballots, of whom 52 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted in behalf of 


the committee, 


L. J. MARKWARDT, 


Chairman. 


L. W. Smith, 
Secretary. 
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BITUMINOUS WATERPROOFING AND ROOFING MATERIALS* 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials held two 
meetings during the year: in Atlantic 
City, N. J., on June 29, 1955, and in 
Buffalo, N. Y., on February 29, 1956. 

The committee suffered loss through 
the death of J. H. Holden of the Pitts- 
burgh Testing Laboratory. 

The committee also lost through re- 
tirement, E. O. Rhodes of the Koppers 
Co., a longtime member of the 
committee. 

The membership, consisting of 77 
voting members, is composed of 49 pro- 
ducers, 11 consumers, and 17 general 
interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, H. R. Snoke. 

Vice Chairman, M. R. Beasley. 

Secretary, G. W. Robbins. 

On June 29, 1955, the committee held 
its 50th Anniversary Luncheon. The 
speakers were H. R. Snoke, chairman, 
N. L. Mochel, President, and R. J. 
Painter, Executive Secretary, respec- 
tively, of the Society. 

All of the standards and tentatives for 
which the committee is responsible have 
been reviewed and recommendations 
concerning them are set forth in this 
report. 

REVISION OF TENTATIVE 


The committee recommends that the 
following tentative specifications be 
revised as indicated and continued as 
tentative: 


* Pesented at the Fifty-ninth Annual Meeting 
of the Society, June 17-22, 1956. 
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ON 


coal-tar.”’ 


Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing 
(D 1327 - 54 T):! 


Section 1.—In the fourth line, change 
“coal-tar pitch” to read “refined 
coal-tar.” 

Section 2 (a).—In the first line, co 
“For the construction of” to read “For 
the plying cement employed in the con- 
struction of.” 

Section 2 (b).—In the first line, change 
“For the construction of” to read “For 
the plying cement employed in the con- — 
struction of.” 

Section 3.—In the fourth line, change 
“coal-tar pitch” to read “refined 


Tentative Specification for Woven Burlap . 


Table I.—For moisture content based 
on net weight per cent, change maximum 
of 66799 to 


ADOPTION OF TENTATIVE AS STANDARD 
WitHovut REVISION 


The committee recommends that the 
Tentative Specification for Asphalt Roll 
Roofing Surfaced with Mineral Granules 
(D 249-54 T)! be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without revision. 


ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 


The committee recommends that ten- 
tative revisions of the following stand- 
ards be approved for reference to letter 
ballot of the Society for adoption as 
standard: 


11955 Book of ASTM Standards, Part 3. 
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Standard Specification for Asphalt-Saturated 
Felt for Use in Waterproofing and in Con- 
structing Built-Up Roofs (D 226-47): 
Tentative Revision of Section 9 issued June, 
1954, 

Standard Specification for Coal-Tar Saturated 
Roofing Felt for Use in Waterproofing and in 
Constructing Built-Up Roofs (D 227-47): 
Tentative Revision of Section 8 issued June, 
1954, and 

Standard Specification for Asphalt-Saturated 
Asbestos Felts for Use in Waterproofing and 
in Constructing Built-Up Roofs (D 250 - 47) :! 
Tentative Revision of Section 9 issued June, 
1954. 


_ TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following specifications and methods be 
continued as tentative without revision, 
since they are being reviewed for possible 
revision: 

Tentative Specification for: 
Asphalt-Base Emulsions for Use as Protective 

Coatings for Built-Up Roofs (D 1227-52T), 


Asphalt Insulating Siding Surfaced with Mineral 
Granules (D1226-52T). 


Tentative Method of: 


Testing Asphalt-Base Emulsions for Use as Pro- 
tective Coatings for Built-Up Roofs (D 1167 - 
51T), 

Test for Staining Properties of Asphalts (Modi- 
fied Pressure Method) (D 1328 - 54T), and 
Testing Asphalt Insulating Siding Surfaced with 

Mineral Granules (D 1228 - 52 T). 


Tentative Recommended Practice for: 


Accelerated Weathering Test of Bituminous 
Materials (D 529 - 39 T). 


REPORT OF ComMMITTEE D-8 


TENTATIVE REVISION CONTINUED 
WITHOUT CHANGE 


The committee recommends that the 
tentative revision of Standard Specifica- 
tions for Asphalt Shingles Surfaced with 
Mineral Granules (D 225 - 54)! be con- 
tinued without change. 


EDITORIAL CHANGES 


The committee recommends the fol- 
lowing editorial changes in the Standard 
Specification for Asphalt Roll Roofing 
Surfaced with Powdered Talc or Mica 
(D 224 - 55):! 

Section 6 (b).—Change to read: “The 
coating and surfacing shall be applied 
uniformly on each side and up to the 
edges of the sheet.” 


_ The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.” 


This report has been submitted to 
letter ballot of the committee, which 
consists of 77 members; 44 members 
returned their ballots, of whom 42 have 
voted affirmatively and 0 negatively. 


Respectfully submitted in behalf of 
the committee, 
H. R. SNOKE, 
Chairman. 
G. W. RosBBINs, 
Secretary. 
2 The letter ballot vote on these reecommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


Note 


_ Subsequent to the Annual Meeting, Committee D-8 presented to the Society through 
the Administrative Committee on Standards the recommendation that the Standard 
Methods of Sampling and Testing Felted and Woven Fabrics Saturated with Bitumi- 
nous Substances for Use in Waterproofing and Roofing (D 146 — 47) be revised and re- 
verted to tentative status. This recommendation was accepted by the Standards Com- 
mittee on September 5, 1956, and the tentative methods appear in the 1956 Supplement 


to Book of ASTM Standards, Part 3. 
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Committee D-9 held three meetings 
during the year: in Atlantic City, N. J., 
during the Annual Meeting of the So- 
ciety; in Cincinnati, Ohio, on November 
17, 18, and 19, 1955; and in Philadelphia, 
Pa., on February 13, 14, and 15, 1956. 

At each of these meetings, action was 
taken on new tentatives, revision of 
existing tentatives, and changes in stand- 
ards under jurisdiction of the committee. 
Also, progress was made on other proj- 
ects under study by the subcommittees, 
as presented later in this report. 

On February 15, 1956, the recently 
authorized Subcommittee X on Magnet 
Wire Insulation (K. N. Mathes, chair- 
man) held its first meeting. A summary of 
its proposed activities is included later 
in this report. 

Committee D-9 has unanimously 
elected W. A. Zinzow an Honorary Mem- 
ber of the committee in appreciation of 
his long term of service and his many con- 
tributions to the committee’s work. 

The committee submits for publica- 
tion the paper by H. R. Meahl entitled 
Dissipation Factor and Dielectric Con- 
stant versus Frequency for Four Popular 
Materials, as appended to this report. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, H. K. Graves. 

Vice-Chairman, F. M. Clark. 

Recording Secretary, J. E. Gibbons. 

Membership Secretary, J. R. Perkins. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. 
1 See p. 312. 
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RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, the committee presented the follow- 
ing recommendations to the Society 
through the Administrative Committee 
on Standards: 


Tentative Method of Test for: 
Dielectric Proof-Voltage Testing of Thin 


Solid Electrical Insulating Materials (D 
1389 — 56 T). 

Revision of Tentative Methods of: 

Testing Pasted Mica used in Electrical Insula- 
tion (D 352-55T). (Comprises changes in 
Stability Under Heat and Pressure and in 
Mica or Binder Content.) 

Test for High-Voltage, Low Current Arc Re- 
sistance of Solid Electrical Insulating Ma- 
terials (D495-48T). (Comprises transfer 
of “Volts after tracking” sections to an ap- 
pendix with appropriate editorial changes.) 

Test for Silicone Insulating Varnishes 
(D 1346 — 54 T). (Comprises addition of Time 
of Drying instructions.) 


Revision and Reversion to Tentative of Standard 
Method for: 


Testing Pasted Mica Used in Electrical Insula- 

tion (D 352 - 52). 

The revision of Standard Method 
D 352 - 52 and reversion to tentative, 
was accepted by the Standards Commit- 
tee on September 15, 1955, and the ad- 
ditional revisions of Method D 352 - 
55 T were accepted on April 2, 1956. New 
tentative method D 1389 — 56 T was ac- 
cepted on January 27, 1956. The revisions 
of Methods D495-48T and of 
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D 1346 - 54 T were accepted on April 
2, 1956. 

The new and revised tentatives appear 
in the 1956 Compilation of ASTM 
Standards on Electrical Insulating Ma- 
terials. 


PROPOSED SPECIFICATION TO BE. 
PUBLISHED AS INFORMATION 


The committee recommends that the 
Proposed Specification for Electrical 
Insulating Paper Sulfate (Kraft) Tissue 
for Capacitor Dielectric be accepted for 
publication as information only as ap- 
pended hereto.” 


_ TENTATIVE REVISION OF STANDARD 


The committee, jointly with Commit- 
tee D-20 on Plastics, recommends tenta- 
tive revisions as follows of the Standard 
Methods of Conditioning Plastics and 
Electrical Insulating Materials (D 618 - 
54):° 

Section 3.—Change the title of Para- 
graph (d) to read “Standard Test Tem- 
peratures other than Standard Labora- 
tory Temperature.” 

Change list of temperatures and toler- 
ances to read as follows: 


Test Tolerance 
Temperatures plus or minus 
2.0 C (3.6 F) 
—55 C (—67 F).............. 2.0 C (3.6 F) 
2.0 C (3.6 F) 
—25 C (—13 F).............: 2.0C (3.6 F 
2.0 C (3.6 F) 
1.0 C (1.8 F) 
2.0 C (3.6 F) 
2.0 C (3.6 F) 
2.0 C (3.6 F) 
2.0 C (3.6 F) 
2.0 C (3.6 F) 
2.0 C (3.6 F) 
2.0 C (3.6 F) 
3.0 C (5.4 F) 
3.0 C (5.4 F) 


2 Published in the Compilation of ASTM 
Standards on Electrical Insulating Materials, 
1957. 
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Section 4.—Add a second sentence to 
Note 1 to read as follows: 


Note that “Procedure A” of Methods D 618 
differs from “Condition A” of ASTM Methods 
D 709 and of the Armed Forces Specifications 
MIL-P designation in that “Condition A” 
means “As received, no special conditioning.’’ 


Change the tolerance on humidity in 
Paragraph (6) from “+3C(+54F)” to 
“+2C+(3.6F)” to conform to the tem- 
perature table. 

Add a third sentence to Note 3 to read 
as follows: 

Note that Procedure B of Methods D 618 is 
the same as Condition E-48/50 of ASTM Speci- 
fications D 709 and of the Armed Forces Speci- 
fications MIL-P designation. 

Change the temperature tolerance in 
Paragraph (c) to + 1C (1.8 F). 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


da 


The committee recommends that the 
Standard Methods of Testing Solid Fill- 
ing and Treating Compounds Used for 
Electrical Insulation (D 176 — 44)* be re- 
vised as appended hereto‘ and reverted 
to tentative status. 


ADOPTION OF TENTATIVES AS STANDARD 
WitHovut REvISION 

The committee recommends that the 

following tentatives be approved for 

reference to letter ballot of the Society 

for adoption as standard without change: 


Tentative Methods of Testing: 

Askarels (D 901 - 55 T),° 

Tentative Specification for: 

Enclosures and Servicing Units for Tests 
Above and Below Room Temperature 
(D 1197-54T).* (Jointly with Committee 
D-20.) 

ADOPTION OF TENTATIVE REVISIONS 
AS STANDARD 

The committee recommends that the 

tentative revisions of the following 

standards be approved for reference to 


* The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 6. 


2 
“A } 
vA 
h 
. 
"ah 
xfs 
- 
a! 
4 > 
: 
: 
ie 
th 
4 
ot 
he 
| = -¢ 
. 
- a 


the 
ing 
to 


up- 


letter ballot of the Society for adoption 
as standard: 


Methods of: 


Testing Laminated Tubes Used for Electrical 
Insulation (D 348 - 

Testing Laminated Round Rods 
Electrical Insulation (D 349 - 52), 

Sampling Electrical Insulating Oils (D 
923 - 49).5 


Used for 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions of the Stand- 
ard Methods of Testing Varnished Glass 
Fabrics and Varnished Glass Fabric 
Tapes used for Electrical Insulation 
(D 902 — 53)* as appended hereto,® and 
accordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society. 


EpITroRIAL CHANGES 


The committee recommends editorial 
changes in the following methods of test 
as indicated: 


Tentative Methods of Test for Dielec- 
tric Breakdown Voltage and Dielectric 
Strength of Electrical Insulating Ma- 
terials at Commercial Power Frequen- 
cies, (D 149 —- 55 T):° 


Appendix.—Add as an appendix the 
section entitled “Significance of the Di- 
electric Strength Test” published as 
information in the Compilation of ASTM 
Standards on Electrical Insulating Ma- 
terials, February, 1955, pp. 587-592. 


Standard Methods of Testing Varnishes 
Used for Electrical Insulation 
(D 115 - 55):° 
Section 29(b).—Change ‘0.0025 in.” 

to read “0.0078 in.” to conform to stated 

thickness of kraft paper in Section 20(8). 
5 The revised standard appears in the 1956 


Supplement to the Book of ASTM Standards, 
Part 
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Tentative Methods of Testing Electrical 
Insulating Oils (D 117 — 54 T):* 


Section 15.—Change the last sentence 
to read: “Under certain conditions, when 
the interfacial tension drops below a 
certain value, it may be an indication 
that sludge precipitation in the trans- 
former has started or is imminent.” 


Standard Method of Test for Dielectric 
Strength of Insulating Oil of Petroleum 
Origin (D 877 49) 


Section 1.—In line 3, before “‘trans- 
formers,”’ add the word “cable.” 

Section 6(a).—After the heading “Prep- 
aration of Sample,” add a reference to 
a new footnote 3 which should read as 
follows: 


3 Jn the case of viscous oils having viscosities 
ranging between 60 sec and 100 sec SSU at 
210 F, it is impracticable to handle these heavy 
oils according to the procedure in Section 6(a). 
In testing high-viscosity oils in the above range, 
the sample should be allowed to stand until it 
reaches room temperature, which should not be 
less than 20 C (68 F). The sample container 
should not be tilted, or swirled as prescribed in 
Section 6(a), and it should be opened only when 


the sample is ready for testing. The size of the _ 


sample should be selected so that the final cup 
filling will contain the normal drainings from 
the container. 


Section 8.—Change Paragraph (1) to 
read: ‘Procedure used, whether Para- 
graph (a) or (5) of Section 7, or Section 
6(a) or footnote under 6(a).” 


Standard Method of Test for Inorganic 
Chlorides and Sulfates in Insulating 
Oils (D 878 49):° 


Section 4(a).—Add a reference to a 
new Footnote 3 which should read as 
follows: 


3In the case of viscous oils, the separated 
water may not be clear. If such is the case, the 
water layer should be filtered through a 10-cm 
diameter qualitative filter paper into a 250-ml 
beaker. The filtrate is then used for the tests. 
As a check on the filter paper, 75 ml of hot dis- 
tilled water, passed through the paper prior to 
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filtering the separated water, should give nega- 


g tests for chlorides and sulfates. 


The tentative methods and specifica- 
tions under the jurisdiction of Committee 
D-9 which are not the subject of recom- 
mendations in this report are being con- 


tinued as tentative for further study. 


The recommendations in this report 
have been submitted to letter ballot of 
[ the committee, the results of which will 


be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Insulating Var- 
nishes, Paints and Lacquers (W. E. 
Harvey, chairman) prepared the revision 
of the Tentative Method of Testing 
Silicone Insulating Varnishes (D 1346 - 
54 T) by addition of a test for time of dry- 

- ing, as noted under Recommendations 
: | Accepted by the Administrative Commit- 


tee on Standards. The recommended 
addition is based on the time-of-drying 
procedure in the Tentative Methods of 
Testing Insulating Varnishes (D 115); 
but is designed particularly for use with 


the silicone varnishes. 


‘Under study is the need for including 
in Methods D 1346 — 54 T sections on 
_ drainage test, oil resistance, heat shock, 


coatability, and cure time. 


In Methods D 115 — 55, the subcom- 
mittee recommends a minor editorial 
change in Section 29(6), as noted earlier 


in this report. 


Other work in progress comprises 
continuance of studies in Section C on 
set time of laminating varnishes; on heat 
stability in Section G; and on means of 
_ supplementing or replacing the MacMi- 
chael Viscosimeter for measuring vis- 


- cosity of varnish in Section J. 


The name of Section D has been 
changed from “Silicone Varnishes” to 


‘‘Heat-Resistant Varnishes.” 


6 The letter ballot vote on these recommenda- 
1 tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 


Mr. H. C. Gunst succeeds Mr. J. B. 
Hyman as Chairman of Section J on 
Physical Tests. 

Subcommittee III on Plates, Tubes, 
Rods and Molded Materials (E. A. Rus- 
sell, chairman) recommends adoption as 
standard of Tentative Revisions of 
Methods D 348 - 52 and D 349-52. Both 
methods have had attached to them since 
June, 1954, tentative revisions of some 
sections under the heading Editorial 
Note. 

Work in progress comprises a proposed 
method of measuring insulation re- 
sistance to be included in Method of 
Testing Sheet and Plate Material Used 
for Electrical Insulation (D 229 - 49); a 
study of electrodes for measuring surface 
resistivity of CSI XXXP Laminate; 
a proposed revised specification for the 
same material; a comparison of ASTM 
and International Electrotechnical Com- 
mission methods for measuring dielec- 
tric strength parallel to laminations of 
laminated materials; and a study of a 
proposed test method for heat resistance 
and thermal stability of rigid electrical 
insulation. 

Subcommittee IV on Liquid Insulation 
(F. M. Clark, chairman).—The subcom- 
mittee recommends that Method D 901 - 
53 T and tentative revision of Standard 
Method D 923 — 49 be adopted as stand- 
ard. 

The subcommittee also recommends 
adoption of editorial changes in Methods 
D 117 -54 T, D 877 - 49, and D 878 - 49, 
as noted earlier in this report. The pur- 
pose of the change in Methods D 117 - 
54 T is to clarify the relation between 
interfacial tension and sludge formation 
in oxidized transformer oil. The purpose 
of the changes in Methods D 877 — 49 
and D 878 — 49 is to extend the scope of 
the two methods to viscous cable oils. 

Activities of the subcommittee are 
carried on by twenty-five sections, cover- 
ing a wide variety of projects. A partial 
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list includes oxidation stability of in- 
hibited and uninhibited transformer oil; 
methods for analysis for traces of metals 
in insulating oils; a survey of tests ap- 
plicable to cable impregnating oils; meas- 
urement of inhibitor content of inhibited 
oils; study of cells for measuring power 
factor and resistivity of oils, and of means 
of checking accuracy of power factor 
bridges by use of an RC test standard; 
improvement of apparatus for measuring 
gas solubility in insulating oils; study of 
tests for measuring gas absorption or evo- 
lution in oils in a corona discharge; and 
application of statistical methods for 
evaluation of data. 

Cooperation with other committees 
is effected by representation on American 
Institute of Electrical Engineers com- 
mittees on Instruments and Measure- 
ments; Transformers; and Insulated 
Conductors. Other cooperative relations 
are with the AIEE Committee on Di- 
electrics, the International Congress for 
High-Voltage Research, and the Inter- 
national Electrotechnical Commission. 

Membership classification has been 
revised to promote more effective work 
by the subcommittee. The classification 
comprises active members, who partici- 
pate in section programs; inactive mem- 
bers, who are interested in work of the 
subcommittee but are not able to take 
active part; and consulting members, who 
furnish specialized but temporary help 
on some problems. 

At the meeting of the subcommittee 
in Philadelphia on February 15, 1956, a 
Survey Section was organized to review 
the need and desirability of continuing 
present sections and of forming new sec- 
tions. 

Subcommittee VI on Solid Filling and 
Treating Compounds (W. R. Dohan, 
chairman) prepared a complete revision 
of the Standard Methods of Testing 
Solid Filling and Treating Compounds 
Used for Electrical Insulation (D 176 - 


latter was found preferable and will be 
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44) and recommends that the method be 
reverted to tentative status, as noted 
above. 

Subcommitiee VII on Insulating Fab- 
rics (H. K. Graves, chairman) has com- 
pleted a revision of the Standard 
Methods of Testing Varnished Glass 
Fabrics and Varnished Glass Fabric 
Tapes Used for Electrical Insulation 
(D 902 - 53) and recommends its imme- 
diate adoption as standard, as indicated 
above. 

First drafts of specifications for yel- 
low bias-cut varnished cloth and for 
black and yellow straight-cut varnished 
cloths have been circulated and dis- 
cussed. 

Methods for testing silicone rubber 
glass fiber, polytetrafluoroethylene 
coated glass fiber, and specifications for 
silicone varnished glass fiber are being 
prepared. 

Active work is in progress on methods 
for testing vinyl glass fiber sleeving, 
thermosetting tapes, and high tempera- 
ture pressure sensitive tapes. 

An extensive round-robin test pro- 
gram is in progress on thermal stability 
of varnished fabrics, covering a variety 
of materials. 

Subcommitiee VIII on Insulating 
Papers (H. A. Anderson, chairman).— _ 
Specifications for Electrical Insulating 
Paper, Sulfate (Kraft) Tissue for 
Capacitor Dielectric have been pre- 
pared and recommended for publication 
as information as noted earlier in this 
report. 

Section A on Chemical Tests has car- 
ried on extensive collaborative tests on 
detection of chlorides in 
papers. Present data show wider devia- 
tions than are acceptable and further — 
work is planned. 

Section B on Physical Tests has com- 
pared a grip type friction test with an 
inclined block sliding plane test. The 
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included in the Methods of Sampling 
and Testing Untreated Paper Used for 
Electrical Insulation, D 202-55 T asa 
future revision. Other round-robin tests 
conducted by Section B are on dissipa- 
tion factor of paper and on felt hair cuts 
in paper. 
Subcommittee IX on Mica Products 
(Kenneth Wechsler, chairman) spon- 
sored a revision of the Tentative Meth- 
ods of Testing Pasted Mica (D 352 - 55 
T) as noted earlier in this report. 
Tentative Specifications for Natural 
Muscovite Mica Based on Visual Qual- 
ity (D 351-53 T) and Tentative Speci- 
fications for Natural Block Mica and 
Mica Films Suitable for Use in Fixed 
Mica-Dielectric Capacitors (D 748 - 54 
T) are currently being revised. Standard 
samples of commingled block mica, 
illustrating defects described in Speci- 
fications D 351-53 T were prepared 
and approved. 
Tentative methods for testing rein- 
forced pasted mica have been drafted 
anda suggested method for testing ther- 
mal stability of pasted mica is being de- 
veloped. Plans have been made to de- 
velop tentative methods for testing raw 
mica paper. 
Subcommittee X on Magnet Wire 
Insulation (K. N. Mathes, chairman) 
held its first meeting at the Benjamin 
Franklin Hotel in Philadelphia, Pa., 
on February 15, 1956. Organization 
into three sections was proposed, and 
organization was started as follows: 
A. Film Coated Magnet Wire (in- 
cluding Oxide), 

_ B. Fibrous Covered Magnet Wire 
(including Paper), 

_C. Thermal Capability. 

Items proposed for study in each of 
the sections were solvent capability, 
soldering and stripping characteristics, 
mechanical and electrical properties, 
and continuity and concentricity of in- 
sulation. 
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The activities will be coordinated 
with those of other organizations con- 
cerned with magnet wire. 

H. A. Anderson and K. N. Mathes, 
of Committee D-9, have been appointed 
to represent ASTM on ASA Project 
C9, Sectional Committee on Magnet 
Wire. 

Subcommittee XI on Significance of 
Tests (C. L. Craig, chairman) has re- 
vised the Proposed Recommendations 
for Writing Statements on the Useful- 
ness of Tests of Electrical Insulating 
Materials (Appendix ITI of the Compila- 
tion of Standards on Electrical Insulat- 
ing Materials). The revisions have been 
approved by letter ballot of the sub- 
committee and by the committee officers 
and appears in revised form in the 1956 
edition of the compilation. 

A Symposium on Minimum Property 
Values of Electrical Insulating Mate- 
rials’ sponsored by the subcommittee 
was presented at the February 14, 1956, 
meeting of the committee in Philadel- 
phia. C. L. Craig arranged the program 
and served as chairman. 

The subcommittee is working on defi- 
nitions of electrical insulation terms. 

Subcommittee XII on Electrical Tests 
(N. W. Edgerton, chairman).—Revi- 
sions of two tentative methods sponsored 
by the Subcommittee have been ap- 
proved by the Administrative Commit- 
tee on Standards, as noted earlier in this 
report: Tentative Methods D 495 - 48 T 
and D 1389 — 56 T. 

The subcommittee has also recom- 
mended an editorial change in methods 
D 149 — 55 T, as noted previously in this 
report. 

A Symposium on Corona Measure- 
ment and Corona Resistance,* sponsored 
by the subcommittee, was held on 


7 Issued as separate publication, ASTM STP 
No. 188. 

8 Issued as separate publication, ASTM STP 
No. 198. 
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November 17, 1955, during the meeting 
in Cincinnati, Ohio. C. W. Ross ar- 
ranged the program and served as chair- 
man. 

Subcommittee XIV on Conditioning 
(G. H. Mains, chairman).—The sub- 
committee is recommending for ap- 
proval, by joint letter ballot of Commit- 
tees D-9 and D-20, a revision of the 
Standard Methods of Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D 618 — 54), as noted above. 

Also by joint letter ballot of Commit- 
tees D-9 and D-20, the subcommittee is 
recommending that Tentative Specifica- 
tion for Enclosures and Servicing Units 
for Tests Above and Below Room Tem- 
perature (D 1197 —-54 T) be adopted as 
standard as indicated above. 

Special Subcommittee on Technical 
Papers (L. B. Schofield, chairman) re- 
ports the following symposium plans: 


ut 
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In the Spring of 1957, a symposium 
on Electrical Insulating Oils is scheduled 
for presentation under the sponsorship of 
Subcommittee IV. 

Projected future symposia are: 

“Insulating Oils and Paper for 

High Voltage Cables’”-—Subcommittee 

IV (Spring, 1958); and “Significance 

of Electrical Test Methods”—Sub- 

committee XI (Fall of 1957 or 1958). 


This report has been submitted to 
letter ballot of the committee, which 
consists of 199 members; 149 members 
returned their ballots, of whom 135 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


A. H. Scorr, 

Chairman. 

J. E. Gipsons, 
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DISSIPATION FACTOR AND DIELECTRIC CONSTANT VERSUS 


_ FREQUENCY FOR FOUR POPULAR INSULATING 


By Harry R. Meant! 


_ In 1951, round-robin tests were under- 
taken by Section C of Subcommittee 
XII to obtain data on the dissipation 
factor and dielectric constant of poly- 
vinyl butyral, mica-filled phenolic, cross- 
linked polystyrene, and Teflon over the 
frequency range of 100 to 10,000 Mc 
per sec. It was expected that the effect of 
frequency on attainable accuracy would 
be shown. 

The results are unexpected. Instead of 
consistent data at low frequencies and 
increasing scattering with increasing 
frequency, the most consistent data 
were obtained at a particular high fre- 
quency, 3000 Mc, and the greatest 
scattering also occurred at a particular 
frequency, 100 Mc (the lowest frequency 
of direct interest since the tests con- 
cerned metfods used at frequencies 
above 100 Mc). 

Since the results are unexpected, the 
means by which they were obtained 
should be examined with a view to di- 
recting future investigations in this field. 

The usual method of circulating one 
set of samples to all participants could 
not be used for two reasons: first, a 
sample of the proper size and shape to 
test at 10,000 Mc was not satisfactory 
for use at other frequencies, and, second, 
the different participants had measuring 
equipments for which different sizes and 


! General Engineering Laboratory, General 
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shapes of samples were needed even at 
the same frequency. For example, equip- 
ments operating at 3000 Mc used three 
shapes of samples: disks, rectangular 
parallelopipeds and hollow cylinders. 
Therefore, each participant was pro- 
vided with enough material to make a 
set of samples for his measuring equip- 
ments. Four materials were used: poly- 
vinyl butyral (a clear greenish-yellow 
resin), mica-filled phenolic plastic (Bake- 
lite BM262), cross-linked polystyrene 
(Textolite 1422—a transparent ma- 
terial), and polytetrafluoroethylene (Te- 
flon—an opaque bluish-white material). 


Test DATA 


The average values obtained are 
listed in Table I. 
The detailed results at 100 Mc and at 


3000 Mc are presented in Table II. 
Discussion of Data: 

The data in Table I for frequencies of 
100 Mc and higher are not as consistent 
as one would like to see them, but prob- 
ably are typical of measurements in this 
field. The data for frequencies below 100 
Mc are included for comparison. They 
show satisfactory continuity in measure- 
ments of dielectric constant, e, on all four 
materials and unsatisfactory continuity 
in measurements of dissipation factor 
(tan 6) of polystyrene and Teflon; that 
is, of very low values. | 
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The data of Table II show that the 
measurement equipment and techniques 
used at 3000 Mc have the same order of 
precision as those used at 100 Mc; that 
is, the extremely high frequency is not a 
disadvantage from the measurement 
point of view. 

A review of results of round-robin tests 
performed in 1940 reveals that progress 


TABLE I.—AVERAGE VALUES.* 


marked frequency characteristic in both 
e and tan 6. 

3. Mica-filled phenolic plastic has a 
marked frequency characteristic in both 
e and tan 6 over the range of 100 cps to 
1 Mc, but is nearly independent of fre- 
quency between 1 and 10,000 Mc. 

4. Cross-linked polystyrene and Teflon 
are independent of frequency with regard 


Mica-Fill | ross-li 
Observers Frequency, Mc 
Tané Tan 6 Tan 6 
RE By 0.0001 | 3.30 | 0.0056 
a Spat 0.001 3.27 | 0.0066 | 5.27 | 0.0271 | 2.53 0.00022 2.04 | 0.00006 
0.01 3.22 | 0.0129 
0.1 3.14 | 0.0256 
Renata ea 1 3.00 | 0.0284 | 4.74 | 0.0099 | 2.35 0.00027 2.00 | 0.00013 
3 2.95 | 0.0314 
_ 10 2.84 | 0.0321 | 4.7 0.0092 | 2.35 0.00045 1.96 | 0.00055 
Duis son aae 30 | 2.78 | 0.0248 | 4.63 | 0.0102 | 2.56 0.00055 2.03 | 0.00020 
1 65 | 2.77 | 0.0343 
Ae 100 | 2.74 | 0.0248 | 4.63 | 0.0110 | 2.55 0.00057 2.03 | 0.00028 
re 150 | 2.73 | 0.0102 
ero er 200 | 2.70 | 0.020 4.75 | 0.0130 | 2.54 0.00051 2.02 | 0.00035 
elas 300 | 2.67 | 0.0255 | 4.63 | 0.0162 | 2.50 0.00071 2.02 | 0.00036 
Bitembaekaes 400 | 2.67 | 0.019 4.74 | 0.0135 | 2.55® | 0.00070° | 2.03 | 0.00058 
Rice ieee oraee 500 | 2.72 | 0.0176 2.55 0.00061 2.06 | 0.00033 
ae 1000 | 2.65 | 0.0217 | 4.59 | 0.0160 | 2.55 0.00050 2.03 | 0.00033 
a eer 3000 2.60 | 0.0167 | 4.49 | 0.0133 | 2.58 0.00064 2.03 | 0.00041 
Beissincws 10000 2.65 | 0.0141 | 4.60 | 0.0128 | 2.54 0.00132 2.06 | 0.00044 


*The above values are averages of all observers except for the value of tan 6 for mica-filled 
phenolic at 100 Mc for which one observer’s value was omitted because it was ten times those of the 


other three. 
> Actually 387 Me. 


has been made because the same order of 
agreement was reached in 1951 making 
measurements over the frequency range 
of 100 to 10,000 Mc as had been reached 
in 1940 over the frequency range of 1 kc 
to 100 Me. 


CONCLUSIONS 


The following conclusions 
reasonable: 

1. The quality of measurements is in- 
dependent of frequency up to 10,000 Mc. 


2. Polyvinyl butyral resin has a 


appear 


to e and tan 6 but seem to have a marked 
frequency characteristic with regard to 
tan 6 below 10 Mc. 

5. Teflon has an e 20 per cent lower 
than that of cross-linked polystyrene. 

6. Teflon has a tan 6 approximately 
one-half that of cross-linked polystyrene. 


RECOMMENDATION 


In future round-robin tests, an effort 
should be made to get each participant 
to evaluate the sources of error in his 
equipment and technique. 
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TABLE II.—DETAILED RESULTS. 


alt 


ely 


pens at 


3000 Mc 
Average | Average Average Average 
3 Maxi Devia- | Maxi- | Devia- Maxi- | Devia- .~| Devia- 
mum tion Tans mum tion mum tion Tan tion 
Spread,| from »|Spread,| from Spread,| from £s° from 
per cent}; Mean, |per cent} Mean, per cent} Mean, Mean, 
per cent | per cent per cent Ss” “\per cent 
POLYVINYL BUTYRAL 
‘ 2.91 0.0253 2.58 0.0189 
2.75 12.4 3 | 0.032 45 15.7 | 2.64 2.9 1.2 0.0181 27 6.5 
2.57 0.0208 2.58 0.016 
2.72 0.021 2.65 0.0142 
2.57 0.0161 
Mica-FILtep PHENOLIC 
| 
4.194 0.126 | 4.46 0.0149 
4.75 13.5 4.8 0.0125 1000 | 107 | 4.65 | 11 3.1 0.0129 33 | 10 
4.81 0.0108 | 4.65 0.0131 
0.0110 | 4.51 0.0148 
4.17 0.0102 
Cross-LINKED POLYSTYRENE 
2.60 | | 0.00089 2.48 | 0.00071 
2.55 3.1 | 0.9 | 0.00060 100 30 2.40 4.8 1.3 | 0.00054 30 |; 11.5 
2.52 | 0.00032 2.51 0.00070 
2.54 0.00047 | 2.52 0.00057 
| | | 2.49 | | 0.00072 | 
TEFLON 
2.06 | | 0.00034 | | 1.97 | | 0.00036 
2.01 2.5 | 0.9 | 0.00020 | 48 | 16 2.06 4.5; 1.1 | 0.00023 | 164 | 42.5 
2.02 | 0.00034 | | 2.05 | | 0.00090° 
| | 2.03 | 0.00023 | 
| | | 2.04 | | | 0.00034 | 
* Obviously erroneous results are italicized. 
_ Measurements were contributed by: New York Naval Shipyard ed \Ofoed oo 
General Radio Co. a 
Federal Telephone and Radio Co. Acknowledgments: 
General Electric Co. 3 wee 
Research Laboratory ne criticism and encourage- 
General Engineering Laboratory ment have been received from Messrs. 
Westinghouse Electric Co. _ Ivan G, Easton, F. Y. Speight, R. R. 
Princeton University Winans, S. I. Reynolds, C. N. Works, 
National Bureau of Standards and F. A. Muller. 
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ON 
SHIPPING CONTAINERS* 


Committee D-10 on Shipping Con. 
tainers held two meetings during the 
year: in New York, N. Y., on September 
23, 1955, and in Atlantic City, N. J., on 
April 12, 1956. 

The following officers and members of 
the Advisory Committee elected for the 
ensuing term of two years are as follows: 


Chairman, Gordon E. Falkenau. > 


Vice Chairman, Earl R. Stivers. 

Secretary, Robert F. Uncles. 

Advisory Committee, A. V. Grundy 
and C. E. Miller. 

The committee consists of 104 mem- 
bers, of whom 36 are classified as pro- 
ducers, 42 as consumers, and 26 as 
general interest members. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives, which have stood 
without revision for two or more years, 
be continued as tentative: : 


Tentative Methods of: 


Vibration Test for Shipping Containers (D 999 - 
48 T), 

Testing Pallets (D 1185 - 51 T), 

Test for Water Vapor Permeability of Packages 
by Cycle Method (D 1251 - 53 T), and 

Test for Water Vapor Permeability of Shipping 
Containers by Cycle Method (D 1276 - 53 T). 


There has been no report of field ap- 
plication to establish the adequacy of 
Methods D 1185, D 1251, and D 1276. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
11955 Book of ASTM Standards, Part 7. 


Method D 999 is still under review by a 
special task group. In addition, Methods 
D 1251 and D 1276 are now subject to 
review in the light of inadequacies being 
revealed by Subcommittee III in the 
Method of Test for Water Vapor Per- 
meability of Shipping Containers 
(D 1008 — 51). 


REVISION OF STANDARD AND © 
REVERSION TO TENTATIVE 


The committee recommends that the 
Standard Definitions of Terms Relating 
to Shipping Containers (D 996 - 50)! be 
revised by the addition of the following 
terms and reverted to tentative status: 


Blank, Paperboard.—Any die-cut, corner cut, 
scored, or otherwise partially prepared 
section of paperboard in the flat to be 
formed into a box or parts thereof, or 
further cut and scored. 

Boxboard.—A general term designating the © 
grades of paperboard used for fabrication 
of folding and set-up boxes. Customarily 
shipped in sheets. 

Canvas; Canvas Sling.—A heavy closely 
woven strong fabric, usually made of 
cotton, produced in sheets or bands; a — 
sling made of canvas. ; 

Carload.—A railroad term defined in Rule 14, 
Uniform Freight Classification. Usually a — 
load of one kind of article or commodity or _ 
of mixed articles or mixed commodities, the 
weight of which is equal to, or in excess of 
the published minimum weights, for the 
articles or commodities, or mixtures. 

Corner Buffer.—Various materials, cut or 
formed to fit into corners of a container and © 
designed to support or cushion the contents. 

Die-Cut.—A method of preparation in which | 
part or container has been cut, slotted = 
and/or scored by custom made dies. = 
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Dividers.—A device, ‘made of various ma- 
terials, which separates the space within a 
container into two or more spaces, cells, 
compartments, or layers. Dividers may be 
plain, interlocking, scored, horizontal, 
vertical, or diagonal. The primary purpose 
of dividers is to separate the articles and/or 
to furnish cushioning. 

Dry Finish.—Term descriptive of the surface 
of a paper or paperboard which in process 
of manufacture has not been dampened 
prior to calendering. Resulting therefrom is 
a surface which is dull and relatively rough. 
Material is less dense than “water finish.” 
(See Water Finish.) 

_ Elmendorf Test.—A method of determining 

: the ability of paper, fabric, or other sheet 
material to resist internal tearing. Testing 
is by mechanical means and results are 
evaluated in units of energy indicated by 
scale and expressed as the force in grams 
required to tear a specimen of standard 
size. 

Excelsior—Curled shreds of wood, usually 
soft woods; may be loose, wadded, or made 
into pads. 

Filler Pads.—Used to fill space; sometimes 
applied to a soft flexible pad made with 

: various loose filling materials to provide 

cushioning effects. 

Fillers—Any material or combinations of 
materials used to fill otherwise unused 
spaces. 

Flange, Fibreboard.—A narrow panel attached 
to a comparatively wide panel and in use 
folded at an angle. Usually made of scored 
fibreboard, but panels may be otherwise 
joined. 

French Wrap.—See Wrapper, Extension. 

2 Incline Impact Tester.—A device for applying 
controlled impacts to a fully packed ship- 
ping container. The device consists of an 
inclined track having an angle of 10 deg 
to the horizontal; a rigid backstop or 
bumper positioned at 90 deg to the incline, 

i. and a dolly mounted on wheels which run 

on the track. The intensity of the impact is 

varied by the distance of movement from 
the point of release, up the incline. The 

device may be operated by hand or by a 

power driven chain with an automatic re- 

lease. Known also as the Conbur Incline 

Impact Tester. 

Joined Liner.—Any type of box liner having 
its ends joined by various means. 

Kraft (Cylinder)—Kraft paper 
factured on a cylinder-type machine) 
having a characteristic grain direction. 
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Kraft (Fourdrinier)—Kraft paper (manu- 
factured on a Fourdrinier-type machine) 
having only minor grain characteristics. 

Liner (Facing).—The inner and outer sheet of 
fibreboard. 

Macerated Paper.—Generally waste paper 
torn up mechanically for use as a cushion- 
ing material. 

Molded Pulp.—Wet paper formed to pre- 
determined shape and then dried. Used for 
packaging of such items as eggs, fruit, and 
fragile articles. 

Neck, Paperboard.—A sheet or tube inserted 
in base of package and extending above 
base into lid when package is closed. Held 
in position by adhesive or friction. 

Nest.—A group of articles, cans, baskets, or 
boxes, of various sizes, which fit one 
within the other. 

Pail.—A vessel commonly circular in section 
with or without a bail handle, and often 
fitted with a cover. 

Panel.—Any area (flat) between scores and/or 
edges of a box, carton, or interior part. 

Paperboard.—A broad term designating any 
paper stock, ranging from 0.009 to 0.030 in. 
in caliper, used for fabricating containers or 
components thereof. Used also for various 
purposes not related to packaging. 

Retainer.—A term applied to any device 
which prevents egress of an article from its 
intended position. 

Score.—Impression or crease in paperboard to 
facilitate folding. Set-up boxes made of non- 
bending paperboard are generally partially 
cut through at score lines and may be re- 
inforced by gummed paper stays. 

Separator.—Any material interposed between 
articles or packing components. 

Shell.—A form of various materials enclosing 
an item; may be entirely closed or open at 
one or both ends, square, cylindrical, or 
conforming to the shape of the item. 
Synonymous with Sleeve (which see). 
Also applied to unlined caps for containers. 

Sleeve.—A form of various materials, usually 
open at both ends, made in various shapes, 
which are slipped over an item. 

Spacer—A device made of any material 
which serves to maintain a predetermined 
distance between any two points in a ship- 
ping container, or between any interior part 
and articles contained therein. 

Spring Pad.—A term loosely used to describe 
any piece of multipaneled (3 or more) 
corrugated fibreboard scored and reverse 
folded alternately and which exerts a spring 

action when compressed. 
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Stay, Paper or Metal.—Material used to join 
parts of a box together at a corner or to 
reinforce a cut-score on solid paperboard. 
Most commonly used for set-up boxes. 

Step, Paperboard.—Term applied to trays, 
shells, or platforms positioned inside a con- 
tainer to raise one portion of contents 
higher than others. May be attached to a 
lid for purpose of holding certain articles in 
position when lid is in closed position. 

Stitching.—The process of effecting manu- 
facture or closure of containers or parts, 
and assembly of containers by means of 
metal fasteners, thread or cordage. 

Stop, Paperboard.—Pieces of paperboard at- 
tached inside of ends of lid to hold it in 
proper position when depth of base is less 
than lid. Commonly used in cosmetic 
boxes of solid board and millinery and 
flower boxes made of corrugated board. 

Tension Test.—A test to determine the force 
required to break a strip of paper, fibre- 
board, wood, metal, wire, or other materials 
when subjected to pulling force. 

Tray.—A shallow open form, with a low rim, 

used asa space filler or as a support, in 

interior packing. May have two or more 
flanges, and be used horizontally, vertically 
or inverted. 

V” Board.—A form of weather-resistant con- 

tainer board made in solid and corrugated 

form. Components are heavily sized, dense 
and highly water resistant. Refer to current 
government specification for construction 
details and performance requirements. 

Used primarily for export or other similar 

severe service involving possible exposure 

to weather. 

“W” Board.—A form of container board 
having characteristics similar to “V” 
board, but meeting lower test requirements. 
Used previously for interior packing in 
export shipments. Refer to current govern- 
ment specification. 

Water Finish—Term descriptive of the 
surface of paper or paperboard which, in 
process of manufacture, has been dampened 
on one or both sides prior to calendering. 

Wet Strength Paper.—Papers treated chemi- 
cally to provide a retention of physical 
characteristics, such as tensile strength, 
tearing resistance, etc., when the paper is in 
a damp or wet condition as compared to 
the same characteristics of the paper when 
dry. 

Wood Wool.—Finely shredded excelsior free 
from knots, splinters and coarse pieces; 
plain, wadded or in pads. 
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On SHIPPING CONTAINERS 


Wrapper, Extension.—The extension of the 
liner beyond the ends of the corrugations 
on a sheet of single faced corrugated board. 

Wrapper, Paperboard.—Generally single faced 
corrugated used to wrap or sleeve articles 
prior to placing in a shipping container. 

Unit Load.—A plurality of containers or 
articles secured as a group by a binding or 
bonding medium; the containers or articles 
may be on pallets or skids. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Definition of Terms 
(G. S. Mustin, chairman) prepared the 
56 definitions set forth above for inclu- 
sion in Definitions D 996 — 50. Additional 
groups of terms are under consideration. 

Subcommittee II on Methods of Testing 

(J. G. Turk, chairman), 

Subcommittee IV on Performance 

Standards (C. R. Gustafson, chair- 
man), and 

Subcommittee V on Correlation of Tests 

and Test Results (R. C. McKee, 
chairman). 

These three subcommittees continued 
to function as a joint committee con- 
sisting of four task groups, each investi- 
gating separate test methods, whose 
reproducibility has been in question. 
Although further collaborative work has 
yet to be accomplished before these task 
groups can be discharged, the revolving 
drum test, drop test, and vibration test 
groups are now arriving at a basis for 
the revision of their respective test 
methods (D 782, D 775, and D 999). The 
stacking test group is writing a method 
of test for stacking of shipping con- 
tainers, based on its collaborative test 
program. 

Subcommittee III on Water Vapor Re- 

2 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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sistance (H. A. Bergstrom, chairman) 
has completed a second cooperative test 
program in connection with its study of 
the Method of Test for Water Vapor 
Permeability of Shipping Containers 
(D 1008 - 51). It is believed the impor- 
tance of several factors not specified in 
the present standard have been estab- 
lished and a third collaborative test pro- 
gram, incorporating these specific in- 
structions, will be conducted as a final 
check before drafting a revision of the 
standard. It is anticipated that related 
standards will be reviewed following the 
conclusions of this investigation. 
Subcommittee VI on Interior Packing 
(S. L. Swenson, chairman) established 
that the characteristics of cushioning of 
primary interest were (1) resilience, (2) 
dusting and breakdown under repeated 
impact, (3) method of evaluation for use 


as dunnage, and (4) reaction with other 
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materials and finishes. Task groups were 
appointed to explore these areas. The 
task group on Dynamic Testing reported 
considerable activity in its program 
aimed at developing a satisfactory test 
method for dynamic load deflection 
properties of cushioning materials. Work 
continues on the compilation of a bibliog- 
raphy of cushioning studies. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 104 members: 56 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
G, E. FALKENAU, 
Chairman. 
R. F. Uncles, 
Secretary. 
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Committee D-11 on Rubber and 
Rubber-Like Materials and eighteen of 
its subcommittees held meetings in 
Buffalo, N. Y., on February 29 to March 
2, 1956, during ASTM Committee 
Week. Some of the subcommittees also 
have held separate meetings during the 
year, and the SAE-ASTM Technical 
Committee on Automotive Rubber, 
with its various sections, has met in 
Detroit, Mich., on a quarterly basis. 

The committee has continued its ac- 
tivity in the work of ISO Technical 
Committee 45 on Rubber of the Inter- 
national Organization for Standardiza- 
tion. This international group met in 
Diisseldorf, Germany, September 5 to 
10, 1955, and Committee D-11 was 
represented by R. D. Stiehler (chairman 
of the American delegation), National 
Bureau of Standards; R. S. Havenhill, 
St. Joseph Lead Co.; and R. F. Shaw, 
U. S. Dept. of the Army, Rock Island 
Arsenal. Agreement has been reached on 
a method for determining the indenta- 
tion hardness of rubber which is recom- 
mended later in this report for publica- 
tion as tentative, and work is in progress 
on standardization of numerous other 
methods of testing rubber and latices. 

In connection with the coordination 
of its activities with those of other ASTM 
technical committees, Committee D-11 
has made several changes in liaison repre- 
sentatives during the year: S. S. Kurtz, 
Jr., Sun Oil Co., was appointed to repre- 
sent the committee on Technical Com- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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mittee D-16 on Industrial Aromatic 
Hydrocarbons, replacing J. F. Anderson 
who resigned. Because of increasing use 
of elastomeric plastic materials in in- 
sulated wire and cable, E. G. Driscoll, 
Harbishaw Wire and Cable Div., was 
appointed as an additional representa- 
tive on Committee D-20 on Plastics. 
W. P. Tyler has been appointed to a new 
Subcommittee on Microchemical Ap- 
paratus of Committee E-1. H. G. Bim- 
merman, E. I. du Pont de Nemours & 
Co., Inc., G. H. Barnes, Goodyear Tire 
and Rubber Co., and C. S. Yoran, Brown 
Rubber Co., Inc., were appointed to 
represent Committee D-11 on the newly- 
formed ASTM Coordinating Committee 
on Cellular Materials. 

ASTM is endeavoring to improve co- 
ordination of its activities with the 
standardization work in progress in 
various departments of the Federal 
Government and L. V. Cooper, Firestone 
Tire and Rubber Co. has been appointed 
to serve as liaison for the committee in 
this connection. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Simon Collier. te 

Vice Chairman, H. G. Bimmerman. 

Secretary, J. J. Allen 


RECOMMENDATIONS ACCEPTED BY THI 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet 
ing, Committee D-11 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations- 
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Chemical Analysis of 


Cie of Tentative Methods for: 
(D 297 54 T). 


Rubber Products 


_ Revision of Tentative Method of Test for: 


_ Indentation of Rubber by Means of a Durometer 
(D 676 - 49 T), 
_ Resistance to Accelerated Light Aging of Rubber 
Compounds (D 750-55 T), 
Viscosity of Rubber and Rubber-Like Mate- 
rials by the Shearing Disk Viscometer 
(D 927 - 53 T), 
Curing Characteristics of Vulcanizable Mixtures 
During Heating by the Shearing Disk Vis- 
cometer (D 1077 - 49 T), and 
_ Accelerated Ozone Cracking of Vulcanized 
Rubber (D 1149 - 51 T). 


Revision of Tentative Specifications for: 

P Elastomeric Compounds for Automotive Ap- 
plications (D 735 54 T), and 

"Sheet Rubber Packing (D 1330 - 54). 


The revision of Method D 1149 was 
accepted by the Standards Committee on 
January 23, 1956, the remaining recom- 
mendations were accepted on December 
19, 1955. The revised methods and 
specifications appear in the 1955 Book 
_ of ASTM Standards, Part 6, bearing the 
designations indicated above, and in the 
May, 1956 compilation of ASTM Stand- 
ards on Rubber Products. 

On May 2, 1956, the following recom- 
mendations submitted by Committee 
_ D-11 were accepted by the Administra- 
tive Committee on Standards: 


_ New Tentative Method of Test for: 


Stress Relaxation of Vulcanized Rubber in 
Compression (D 1390 56 T). 


Revision of Tentative Specifications for: 


Rubber Insulating Sleeves (D 1051 - 49 T), and 
Construction of Rubber Insulated Wire and 
Cable (D 1350 - 54 T). 


_ Revision of Tentative Recommended Practice for: 


Conditioning of Elastomeric Materials for 
Low-Temperature Testing (D 832 -46T). 


This new method of test and the 
€ revised specifications and recommended 
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practice appear in the 1956 Supplement 
to Book of ASTM Standards, Part 6. 

The revision of the Tentative Methods 
for Chemical Analysis of Rubber 
Products (D297) adds needed pro- 
cedures for the determination of iron in 
crude rubber. The change in the Tenta- 
tive Method of Test for Indentation by 
Means of a Durometer (D 676) adds a 
paragraph on the number of readings 
and the manner of taking them. This 
improvement defines the standard meas- 
urement as the median of a minimum of 
five readings. In the Tentative Method of 
Test for Resistance to Accelerated Light 
Aging of Rubber Compounds (D 750), 
the black-panel temperature of 145 + 5 F 
previously adopted as standard was 
found to be unsuitable for certain 
products such as automobile floor mats. 
Addition of a note permitting use of 
other temperatures when required, pro- 
vides the necessary flexibility in the 
method. The revisions of the Tentative 
Methods of Test for Viscosity of Rubber 
and Rubber-Like Materials by the 
Shearing Disk Viscometer (D 927) and 
for Curing Characteristics of Vulcani- 
zable Mixtures during Heating (D 1077) 
incorporate changes in the methods and 
the Mooney Viscometer, which resulted 
from extensive investigations of the 
National Bureau of Standards carried 
out in connection with the Government 
Synthetic Rubber Program. The changes 
permit use of radial grooved dies, provide 
for improved temperature measurement, 
and give precautions when testing high 
molecular weight materials. 

The revision of the Tentative Specifi- 
cations for Elastomeric Compounds for 
Automotive Applications (D 735) sim- 
plifies the title and changes the scope 
accordingly. The sections dealing with 
the testing of finished products were re- 
written and rearranged for better clarity. 
Asterisks were again added to indicate 
the most frequently used grades in Tables 
I, III, and IV, and four new silicone 
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grades were added in Table V. In the 
Tentative Specifications for Sheet 
Rubber Packing (D 1330), the revision 
provides for an additional grade of 
commercial packing which is widely used 
and slightly raises the quality of the 
present grade I materials. 

The revision of the Tentative Method 
of Test for Accelerated Ozone Cracking 
of Vulcanized Rubber (D 1149) changes 
the scope to incorporate a statement 
concerning limitations in reproducibility 
and use for purchase specifications pre- 
viously given in a note. Work is in 
progress to improve the method though 
in its present form, it is considered the 
best available and is widely used. 

The new Tentative Method of Test 
for Stress Relaxation of Vulcanized 
Rubber in Compression (D 1390 — 56 T) 
describes a procedure for measuring a 
very significant property in evaluating 
gasket materials. The method has been 
used successfully for several years by 
the Materials Laboratory of the New 
York Naval Shipyard where it was 
developed and it has been found to have 
satisfactory reproducibility in other 
laboratories. : 

The revision of the Tentative Speci- 
fications for Rubber Insulating Sleeves 
(D 1051) provides for additional sizes 
and styles of sleeves in line with present 
commercial practice. Some of the test 
procedures are also clarified and aging 
requirements are slightly modified. The 
revision of the Tentative Specifications 
for Construction of Rubber Insulated 
Wire and Cable (D 1350) makes manda- 
tory the use of a protective tape between 
metallic shields and insulation and also 
brings the thickness of various non- 
metallic sheaths into agreement. 

The Tentative Recommended Prac- 
tice for Conditioning of Elastomeric 
Materials for Low-Temperature Testing 
(D 832) has been completely rewritten 
to incorporate the results of research 
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during the past ten years in the field of 
low-temperature behavior of rubber. 
This revision was much needed and 
brings the recommended practice in line 


with present knowledge. ath 


New TENTATIVES “tte 


The committee recommends that the 
following methods of test and recom- 
mended practices be accepted for publi- 
cation as tentative as appended hereto.! 


Tentative Method for Tension Test- 
ing of Rubber O-Rings:’ 


This method is needed for reference in 
specifications for O-rings currently in 
use. It is considered impractical to 
incorporate the method in the general 
Methods for Tension Testing of Vul- 
canized Rubber (D 412). Also, this new 
tentative may later be expanded to 
include other tests for this particular 
rubber product. 


Tentative Method of Test for Inter- 
national Standard Hardness of Vulcan- 
ized Natural and Synthetic Rubbers: 


This method has been developed by 
the ISO Technical Committee 45 and 
uses a dead-weight indentation hardness 
instrument originally employed by the 
British Admiralty. The equipment has 
been modified and now has a scale which 
agrees throughout its range within 2 
points with that of the Shore type A 
durometer (see Method D 676). The 
method has been accepted by the ISO 
member bodies including the United 
States representatives, and Committee 
D-11 now requests its acceptance by 
ASTM. 


1 These new tentatives, with the exception of 
the Methods of Testing O-Rings, appear in the 
1956 Supplement to Book of ASTM Standards, 
Part 6. 

2 In view of the negative votes cast in Com- 
mittee D-11 on the acceptance of this method 
it was withheld from publication. 
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Tentative Methods for Chemical 
Analysis of Synthetic Elastomers (Solid 
Butadiene-Styrene Copolymers): 


These methods include a method of 
sampling and eight test procedures for 
chemical characteristics of synthetic 
elastomers. The methods developed 
originally in the Government synthetic 
rubber program, have been reviewed and 
revised where necessary by Subcom- 
mittee XIII and are recommended for 
publication by ASTM. 


Tentative Methods of Testing Syn- 
= Rubber Latices (Butadiene-Sty- 
rene Copolymers): 


These methods include procedures for 
sampling and for determining total 
solids, residual styrene, pH, surface ten- 
sion viscosity, coagulum, and bound 
styrene. The basic procedures, developed 
in the government synthetic rubber 

_ program, have been reviewed and revised 
by Subcommittee XIII, and are recom- 
mended for publication by ASTM. 


Tentative Recommended Practice for 
Nomenclature for Synthetic Elastomers 
and Latices: 


_ This tentative recommends (/) the 
designation “Styrene Rubbers” and the 
abbreviations “SR” and “SR Latex” 
to replace the term GR-S for those 
GR-S_ type rubbers which contain 
styrene; and (2) the designation 
‘ “Butadiene Rubbers” and the abbrevi- 
ations “SBR” and “SBR Latex” to re- 
place the term GR-S for those GR-S type 
_ rubbers which contain butadiene only. 
_ This is proposed by Subcommittee XIII 
_ because the term “Government Rubber- 
Styrene,” (GR-S) is now obsolete. 


Tentative Recommended Practice for 
_ Description of Types of Styrene Buta- 
diene Rubbers (SBR): 


Included in tabular form are the 
_ properties of various synthetic polymers 
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according to numbered types. These 
numbers are the same as those used by 
the Office of Rubber Reserve, Recon- 
struction Finance Corp., in the govern- 
ment program. The table is not intended 
to serve as a specification but merely 
to establish types of synthetic rubbers 
to avoid confusion between producers 
and users. It is believed that this will be 
helpful, especially during the present 
transition period. 


Tentative Recommended Practice for 
Description of Types of Styrene Butadi- 
ene Rubber (SBR) and Butadiene Rub- 
ber (BR) Latices: 


This tentative corresponds to the 
previous one covering the solid polymers 
and has been developed for the same 
reasons. 


Tentative Recommended Practice for 
Interlaboratory Testing of Rubber and 
Rubber-Like Materials: 


This tentative gives the concepts and 
basic principles necessary for design of 
interlaboratory test programs from which 
data can be analyzed statistically. It 
has been developed by Subcommittee 
XXVIII and is expected to improve 
the significance of round-robin testing 
programs. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following five tentatives be revised as 
indicated and continued as tentative: 


Tentative Methods of Test for Ad- 
hesion of Vulcanized Rubber to Metal 
(D 429 — 55 T):* 

Change Method A to read as appended 
hereto.! 

This revision changes the thickness of 
rubber in the standard ASTM test 
specimen from 3 in. to } in., serving to 
reduce the deformation of the rubber 

31955 Book of ASTM Standards, Part 5. 
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during test and presumably to lessen the 
introduction of cross forces which affect 
the adhesion results. The thinner speci- 
men is an improvement as indicated by 
results of several round-robin | test 
programs. 


Tentative Methods of Testing Rubber 
and Thermoplastic Insulated Wire and 
Cable (D 470 54 T):? 

Section 7.—Change Paragraph (c) to 
read as follows: 


(c) For all physical tests, specimens except 
those of polyethylene shall be marked with gage 
marks 2 in. apart and placed in the jaws of the 
testing machine with a maximum distance be- 
tween jaws of 4 in. For polyethylene specimens, 
the gage marks shall be 1 in. apart and the 
distance between jaws 2 in. 


Section 36.—Change the second sen- 
tence of Paragraph (a) to read: “Dry the 
specimen for 48 hr in a vacuum of 5 mm 
of mercury or less over calcium chloride 
at 70 + 2 C.” 

Replace the last sentence of Para- 
graph (b) with the following: “Dry the 
specimen for 48 hr in a vacuum of 5 
mm of mercury or less over calcium 
chloride at 70 + 2 C. Find the weight, 
C, of the specimen to the nearest 
milligram.” 

These changes provide for the large 
elongation of polyethylene which other- 
wise might exceed the test machine 
travel in the tension test and make uni- 
form the drying procedures in the water 
absorption test. 


Tentative Specifications and Methods 


of Test for Latex Foam Rubbers 
(D 1055 54 
Section 12.—Change the heading, 


“Low-Temperature Test, Suffix F,” to 
read, “Low-Temperature Test, Suffixes 
F 1 and F2.” 

Delete the paragraph headed “Com- 
pression-Defiection.”’ 

Section 13 (c).—Change the first para- 
graph to read as follows: 


(c) When the finished product does not lend 
itself to testing or to the taking of test speci- 
mens because of complicated shape or other 
reasons, the manufacturer and the purchaser 
shall agree on the preparation of a suitable test 
specimen. 


Section 14 (c).—Change to read as 
follows: 


(c) The steel scale or tape used to measure 
length or width shall be graduated to 3; in. The 
dial gage for measuring thickness shall be gradu- 
ated to 0.001 in. The calipers used for measuring 
thickness shall be graduated to 0.005 in. 


Section 17.—Change the last sentence 
to read as follows: ‘The thickness of the 
test specimen may vary, but shall be not 
less than 2 in. for slab or uncored stock. 
The thickness shall be measured and 
stated in the report.” 

Section 17.—Change the heading 
above this section to read: ‘“Compres- 
sion Set Under Constant Deflection. 
(Calculations are Based on Amount of 
Deflection.)” 

Section 22.—At the end of this section, 
add the following sentence: ‘The full 
thickness of the product shall be used.” 

New Section——Under “Flexing Test” 
add a new Section 25, as follows, re- 
numbering the subsequent sections ac- 
cordingly: 


25. Test Specimen.—The test specimen shall 
consist of the entire product sample or a suitable 
portion of it as agreed upon by the manufacturer 
and the purchaser. The full thickness of the 
product shall be used. : 


Section 26.—Change the heading above 
this section to read: ‘““Low-Temperature 
Test (Sufix F; — 40F) (Sufix F, 
— 65 F).” 

Section 27.—Change to read as follows: 


27. Cylinders 1.129 in. in diameter shall be 
used for this test. The minimum thickness shall 
be ? in. The thickness shall be measured and 
recorded. Specimens shall be dried in a desiccator 
for not less than 16 hr before testing. 


Section 28.—In the second sentence re- 
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place the words, “at a temperature of 
—40F,” with, “at required tempera- 
ture.” 

Section 29.—Change the last line to 
read: “E = deflection at temperature of 
test.” 


Tentative Specifications and Methods 
of Test for Sponge and Expanded Cel- 
lular Rubber Products (D 1056 — 54 T):° 


Section 13.—Change the heading, 
“Low-Temperature Test, Suffix Fi,” to 
read, “Low-Temperature Test, Suffixes 
F, and F».” 

Delete the paragraph headed “Com- 
pression-Deflection.”’ 

Section 15.—Change the last sentence 
to read: “The thickness shall be meas- 
ured as described in Section 17 (6).” 

Add the following sentence at the end 
of the section: 


As stated under the test methods, the mini- 
mum thickness of test specimens is } in. Plied-up 
samples may be used as indicated in the test 
methods for compression set and compression 
deflection (See Note 1 under Section 21). 


Section 17 (c).—Change to read as 
follows: 


(c) The steel scale or tape used to measure 
length or width shall be graduated to # in. The 
dial gage for measuring thickness shall be gradu- 
ated to 0.001 in. The calipers used for measuring 
thickness shall be graduated to 0.005 in. 


Sections 21 and 24.—Add the following 
two sentences at the end of both sections: 
“The minimum thickness shall be } in. 
Thin samples may be plied-up to obtain 
this thickness, or a standard test slab 
may be used if agreed upon by the manu- 
facturer and the purchaser (Note).”’ 

Add the following Note 1 after Section 
21, and renumber the present note as 
Note 2. 


Note 1.—Using the same compound thin 
sections (under } in.) do not blow in the same 
manner as those over } in. The thinner sections 
are usually higher in compression-deflection and 
density. 
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Section 22.—At the end of the Section 
add the following reference: “(See Note 1 
under Section 21).” 

Section 24.—Change the heading above 
this Section to read: ‘Compression Set 
Under Constant Deflection (Calcula- 
tions are Based on Amount of Deflec- 
tion.” 

Section 29.—Change the heading 
above this Section to read: “Low-Tem- 
perature Test (Suffix F; — 40 F) (Suffix 
F, — 65 F).” 

Section 30.—Change to read as follows: 

30. Standard test specimens shall be used 
for this test. The thickness shall be measured 
and stated in the report. The minimum thick- 
ness shall be } in. Plied-up samples are not 
satisfactory. The specimen shall be dried in a 
desiccator for 16 hr before testing. 

Section 31.—In the second sentence re- 
place the words, “at a temperature of 
—40F,” with, “at required tempera- 
ture.” 

Section 32.—Change the last line to 
read: “E = deflection at temperature of 
test.” 

Table I.—After the column headed 
“Suffix F;,” add a new column headed 
“Suffix F2,’’ which permits a maximum 
change of 25 per cent for all grades R-10 
to R-15 after being subjected to a low- 
temperature test at —65 F. 


The above revisions clarify these two 
tentatives and make them more specific. 
Low-temperature tests at —65F are 
also added. 


Tentative Method of Test for Com- 
pressibility. and Recovery of Gasket 
Materials (D 1147 — 53 T):* 


Section 3.—Add the following to the 
end of this Section: “If applied to speci- 
mens having thicknesses greater than 
} in., the results shall be regarded merely 
as indicative. The specimens shall con- 
tain no joint or separation within the 
minimum test area.” 

Table I.—Add a new first column 
headed “Procedure” in which the eight 
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lines in the table are labeled, respectively, 
A to H. Also, change the heading of the 
last column to “Total Load (sum of 
major load and pre-load), lb.” 

Section 6.—In the second sentence, 
change the word “full” to “total.” In the 
fourth sentence, change the word 
“major” to “total.” 


ADOPTION OF TENTATIVE AS STANDARD 
WITH REVISION 


The committee recommends that the 
Tentative Method of Test for Plasticity 
and Recovery of Rubber and Rubber- 
Like Materials by the Parallel Plate 
Plastometer (D 926 — 47 T)* be approved 
for reference to letter ballot of the 
Society for adoption as standard, with 
the editorial revision consisting of con- 
version to metric units of values given in 
English units. Sections 2(a), 2(e), 3(a), 
3(b), and dimensions in Fig. 2. The 
method has long been used without com- 
ment or criticism. 


ADOPTION OF ‘TENTATIVE REVISION 
AS STANDARD 


The committee recommends that the 
tentative revision issued in January, 
1948, of the Standard Methods of Test 
for Indentation of Rubber by Means of 
the Pusey and Jones Plastometer 
(D 531 — 49) be approved for reference 
to letter ballot of the Society for adoption 
as standard. The tentative revision, re- 
quiring the reporting of the time interval 
for readings, should have been incorpo- 
rated in the method in the 1949 revision. 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION it 


The committee recommends for im- 
mediate adoption the replacement of the 
Standard Specifications for Cotton Rub- 
ber-Lined Fire Hose for Public and 
Private Fire Department Use (D 296 - 
49)° by the Revised Specifications for 
Woven Jacketed Rubber-Lined Fire 
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tentatives under its jurisdiction, other 


Hose, appended hereto,‘ and accordingly 
requests the necessary nine-tenths affirm- 
ative vote at the Annual Meeting in order 
that the revision may be referred to letter 
ballot of the Society. 

Adoption is very desirable because 
wide-spread use of dacron and nylon in 
fire hose in this country and Canada has 
rendered obsolete the existing standard 
for cotton-jacketed hose. The revision 
will bring the ASTM standard in line 
with that of the Underwriters’ Labora- 
tories. The revised specifications have 
received thorough study in the Subcom- 
mittee on Hose and are considered to 
represent the best modern practice. The 
change in title is incident to the replace- 
ment of cotton by synthetic fibers in the 
construction of the hose. 


EDITORIAL CHANGE 


The committee recommends the fol- 
lowing editorial change in the Tentative | 
Methods of Test for Change in Proper- 
ties of Elastomeric Vulcanizates Result- 
ing from Immersion in _ Liquids 
(D 471 55 

Table II.—Add the following Foot- 
note 6: 


6 Reference fuels Nos. 1 and 2 (formerly in- | 
cluded in Method D 471 - 51 T) which are still 
specified in the Specifications for Non-Metallic 
Gasket Materials for General Automotive and | 
Aeronautical Purposes (ASTM Designation: 


D 1170) are available from Phillips Petroleum __ 


Co., Bartlesville, Okla. 


TENTATIVES CONTINUED WITHOUT | 


REVISION 


The committee recommends that all 


than those mentioned in this report, be 
continued as tentative. They have been | 

reviewed by the various subcommittees _ 
and many are under consideration for _ 


revision. The results of this work will be | T 5 


* The revised specifications appear in the 1956 _ 
— to Book of ASTM Standards, Part 
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presented to the Society as it is com- 
pleted. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


ACTIVITIES OF SUBCOMMITTEES 


R. A. Bonnell, The Goodyear Tire and 
Rubber Co., has been appointed chair- 
man of Subcommittee I on Mechanical 
Rubber Hose replacing C. P. Mullen who 
resigned. R. H. Titley resigned as chair- 
man of Subcommittee IX on Insulating 
Tape because of retirement and has been 
succeeded by C. W. Pickells, Consoli- 
dated Edison Co. of New York, Inc. In 
Subcommittee XVIII on Flexing Tests, 
B. S. Garvey, Jr., resigned as chairman 
because of his activities as chairman of 
Subcommittee XIII, and Howard 
Tangenberg, The B. F. Goodrich Co., 
has been appointed to replace him. W. J. 
Dermody, Stokes Molded Products Co., 
is now chairman of Subcommittee XXIII 
on Hard Rubber, replacing C. P. Morgan 
who resigned. 

Of the many interesting and important 
projects in progress in the subcommit- 
tees of Committee D-11, only a few can 
be mentioned here. 

Subcommittee I on Hose (R. A. Bon- 
nell, chairman), having completed the 
revision of the fire hose specification 
presented in this report, is now well 
advanced ona revision of the Tentative 
Methods of Testing Rubber Hose 
(D 380) which will probably be presented 
to the Society next year. 

Subcommittee V on Insulated Wire and 
Cable (J. T. Blake, chairman) expects 
soon to complete revisions of the specifi- 
cations for neoprene sheaths for wire and 
cable. The specification for heavy-duty 
material (D752) will be restricted to 

5 The letter ballot vote on these reeommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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black neoprene jackets, and the physical 
test requirements of the specification for 
light-duty material (D753) will be 
changed so that it may be used for 
general-purpose colored neoprene jackets. 
The subcommittee is also studying 
proposals to include detailed specifica- 
tions on knitted coverings, wrapped 
coverings, and nylon-, rayon- and glass- 
braid covering in the Wire and Cable 
Construction Specification (D 1350). 

Subcommittee VIII on Nomenclature 
(H. L. Fisher, chairman) has completed 
final revision of the Glossary of Terms 
Relating to Rubber and Rubber-Like 
Materials. This valuable glossary is being 
published by the Society as Special 
Technical Publication No. 184. 

Subcommittee IX on Insulating Tape 
(C. D. Pickells, chairman) expects soon 
to complete revisions in the Specifications 
for Friction Tape (D 69), for Rubber In- 
sulating Tape (D 119), and for Ozone- 
Resistant Tape (D 1373). These changes 
will improve the procedures for sampling 
and rejection and will make some changes 
in test methods. 

Subcommittee X on Physical Testing 
(L. V. Cooper, chairman) is considering 
a proposed tentative method for tension 
testing of rubber by means of the strain 
tester developed by the National Bureau 
of Standards. If approved this will be 
presented to the Society later through 
the Administrative Committee on Stand- 
ards. 

Subcommittee XV on Life Tests (G. C. 
Maassen, chairman) is revising the 
Standard Method of Test for Resistance 
to Light Checking and Cracking 
(D 518 —- 44) by the addition of a new 
method C using a different and improved 
type of specimen. If completed prior to 
the next Annual Meeting, this revision 
will be presented to the Society through 
the Administrative Committee on Stand- 
ards as a tentative revision of the 
standard. 
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Subcommitiee XXIII on Hard Rubber 
(W. J. Dermody, chairman) has decided 
to eliminate its section on asphalt battery 
containers and to combine those activi- 
ties with the work on hard rubber. This 
subcommittee is starting an extensive 
program on revision of the hard rubber 
test methods D530.' Among other 
changes, the addition of a hardness test 
using the Type D Shore durometer and 
the substitution of a heat distortion test 
for the present softening point test are 
being considered. 

Subcommitiee XX IX on Compounding 
Ingredients (A. E. Juve, chairman) is 
developing a set of recipes for testing 
carbon blacks in rubber. Two series of 
round-robin tests have been completed 
and further work is in progress. The sub- 
committee is also working on revision of 
the Tentative Methods of Sample Prepa- 
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ration for Physical Testing (D 15) to in- 
corporate modifications which recent de- 
velopments have shown to be desirable. 
The subcommittee has announced that 
an additional standard reference material 
—an SRF carbon black—has been added 
to the list of those provided by the 
National Bureau of Standards. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 243 members; 102 members re- 
turned their ballots, of whom 88 have 
voted affirmatively and 0 negatively. at 

Respectfully submitted on behalf of 

the committee, 
S. COLLIER, 
Chairman. 
ARTHUR W. CARPENTER, 
Secretary. 
mie why. 
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- Committee D-12 on Soaps and Other 
Detergents held one meeting during the 
year: on March 19 and 20, 1956, in New 
York City. 

A resignation regretfully accepted was 
that of Fred Krassner, Vice-Chairman of 
the committee and chairman for many 
years of Subcommittee S-1. Announce- 
ment of the loss by death of two valued 
and highly respected members of the 
committee, Clyde Hayward and E. A. 
Robinson, was received with much 
regret. 

On the recommendation of the com- 
mittee, W. H. Joy has been appointed 
as an ASTM representative to ASA 
Sectional Committee K63 on Institu- 
tional Cleaning and Maintenance Mate- 
rials. 

M. G. Kramer was appointed chair- 
man of Subcommittee T-5, succeeding 
A. M. Schwartz. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Jay C. Harris. 

Vice-Chairman, W. H. Koch. 

P Secretary, E. W. Colt. 

The committee consists of 118 mem- 
bers, of whom 53 are classified as pro- 
ducers, 35 as consumers, and 25 as gen- 
eral interest members, with 5 consulting 
members. 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Methods for Sampling and 
— of Sodium Triphosphate 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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(D 501 - 55 T)! be revised by the addi- 
tion of a procedure for determining 
orthophosphate as appended hereto.? 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following tentative methods be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision: 


Tentative Method of Test for: 


pH of Aqueous Solutions of Soaps and De- 
tergents (D 1172 - 54T),! and 

Surface and Interfacial Tension of Solutions of 
Surface-Active Agents (D 1331 - 54 T).! 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
of the Standard Definitions of Terms Re- 
lating to Soaps and Other Detergents 
(D 459 -55),! and accordingly requests 
the necessary nine-tenths affirmative 
vote at the Annual Meeting in order that 
the revisions may be referred to letter 
ballot of the Society: 

Change the definitions for soil, de- 
tergent, and detergency to read as 
follows: 


Soil.—Matter out of place. 

Detergent.—A composition that removes 
soil. 

Detergency.—The removal of soil using a 
detergent. 


11955 Book of ASTM Standards Part 7. 

2 The revised tentative appears in the 195t 
Supplement to Book of ASTM Standards, Part 
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TENTATIVES CONTINUED WITHOUT 
REVISION 
The committee recommends that the 


following methods be continued as 
tentative without revision: 


Tentative Method of: 


Test for Buffering Action of Metal Cleaners 
(D 1279 - 53T), 

Total Immersion Corrosion Test for Soak Tank 
Metal Cleaners (D 1280 - 53 T), and 

Test for Rinsing Properties of Metal Cleaners 
(D 1281 -53T). 


ay 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


SUBCOMMITTEE ACTIVITIES 


Subcommittee T-2 on Analysis of Soaps 
and Synthetic Detergents (J. C. Harris, 
chairman): 

Task Group 1, Problem Advisory 
Group (C. A. Gerardi, chairman) is 
considering the current needs for new 
and revised methods for analysis of 
soaps and synthetic detergents for the 
purpose of determining which projects 
should next be developed. 

Task Group 2 on Rapid Spectrophoto- 
metric Determination of Copper in Soap 
(E. W. Blank, chairman).—Cooperative 
tests made with two samples of milled 
soaps containing two ranges of copper 
yielded an unsatisfactory estimate of 
precision which was attributed to lack 
of homogeneity in distribution of the 
copper salt. New analyses are planned 
on soap to which accurately weighed 
amounts of copper are added at the time 
and place of analysis. 

Task Group 3 on Bibliographical Ab- 
stracts on Analytical Methods for Sur- 
factants* (J. C. Harris, chairman).—This 

3 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


5 Issued as separate publication, ASTM STP 
No. 150-A. 
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bibliography is currently being revised 
and brought up to date. 

Task Group 4 on Determination of 
Active Ingredient in Unbuilt Sur- 
factants (J. G. Miller, chairman).— 
Previous considerations indicated use of 
solvent extraction for alkylaryl sulfo- 
nates. Replies to a questionnaire indicated 
ethanol as the most satisfactory solvent, 
and Methods of Chemical Analysis of 
Soaps Containing Synthetic Detergents 
(D 820) and Method of Analysis of Oil- 
Soluble Petroleum Sulfonates (D 855) 
are considered essentially satisfactory 
for cooperative work. 

Task Group 5 on Infrared Determina- 
tion of Surfactants (P. Sadtler, chair- 
man) is continuing the development of 
methods for infrared determinations. A 
variation in technique has been sug- 
gested as a means of developing more 
effective data. 

Task Group 6 on Volumetric Method 
of Total Phosphorus Pentoxide (R. C. 
Stillman, chairman).—Cooperative tests 
indicate that this method is superior to 
gravimetric methods. A standard devia- 
tion of 0.20 per cent P.O; was considered 
realistic for PO; contents up to 60 per 
cent. 

Task Group 7 on Glycerol in Soap by 
Periodate Oxidation (C. A. Snell, chair- 
man) has obtained samples of soaps for 
cooperative test purposes and coopera- 
tive testing will begin shortly. 

Task Group 8 on Determination of 
CMC (Jj. L. Darragh, chairman).—A 
survey of methods is under way. 

Task Group 10 on Sulfate Content in 
Presence of Phosphates (A. K. Light, 
chairman).—Preliminary work on this 
problem has been undertaken. . 

Task Group 11 on Determination of 
Active Ingredient by Ultraviolet Ab- 
sorption (C. W. Parkert, chairman).— 
Sodium dodecyl benzene sulfonates were 
prepared from four different dodecyl | 


benzenes by a standard sulfonation 
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procedure. They were analyzed by 
standard methods and then by ultra- 
violet analysis at both 224 my and 261 
my. The results were circulated to Task 
Group 11 for consideration. Similar 
‘ samples are to be circulated to the 
members of the task group to obtain 
comparative data. 

A background of qualitative ultra- 
violet data for the three classes of sur- 
factants—anionic, cationic, and non- 
ionic—is to be collected in the near 
future. 

Task Group 13 on Determination of 
Tripolyphosphate (B. N. Rockwood, 
chairman).—lIt is expected that work by 
this group will be based upon the 
chromatographic method. 

Task Group 14 on Rapid Determina- 
tion of Moisture by Infrared Lamp 
(O. L. Sherburne, chairman).—Pre- 
liminary work is under way. 

Task Group 15 on Determination of 
Active Ingredient in Soaps Containing 
Synthetic Detergents by Cationic Titra- 
tion (L. E. Weeks, chairman).—A 
survey indicates use of both the #-tolu- 
idine hydrochloride and the cationic 
method. Cooperative tests on a standard 
detergent are under way. 

Task Group 16 on Qualitative Method 
for Identification of Surfactants and 
Organic Builders (R. J. Steele, chair- 
man).—Preliminary evaluation of pos- 
sible methods is under way. 

Task Group 17 on Critical Review of 
Methods for Analysis of Inorganic 
Builders (A. Mankowich, chairman).— 
The survey indicates the titrimetric 
method for P.O; as most favorable. 
Interference by phosphates in determina- 
tion of sulfates causes erroneous results. 
Other builder methods are being evalu- 
ated. 

Task Group 21 on Detergent Alkylate 

(J. C. Harris, chairman) is considering 
allots for distillation range, flash 


Report or Commitree. D-12 


point, viscosity, water or moisture, sedi- 
ment, aniline point, bromine number, 
refractive index, specific gravity, Say- 
bolt color, and doctor test. 

Subcommiitee T-3 on Analysis of Dry 
Cleaning Materials (G. P. Fulton, chair- 
man) is being reorganized. 

Subcommitiee T-4 on Analysis of 
Alkaline Detergents (W. H. Koch, 
chairman).—Collaborative work on the 
analysis for tripolyphosphate content by 
the cobalt complex of Weiser has been 
encouraging but does not warrant adop- 
tion without further work. 

Task groups have been set up on (1) 
Assay of Triphosphate by Tris(ethylene- 
diamine) Cobalt (III) Chloride, M. V. 
Trexler, chairman, and (2) Chromato- 
graphic Analysis of Triphosphate, C. F. 
Callis, chairman. 

Subcommittee T-5 on Physical Testing 
(A. M. Schwartz, chairman): 

Task Group 1 on Measurement of Soil 
Redeposition (M. G. Kramer, chair- 
man).-~—Cooperative testing is under 
way. The Annotated Bibliography by 
L. E. Weeks has been published, and a 
list of additional references was dis- 
tributed. 

Task Group 2 on Measurement of 
Wetting Power (C. A. Gerardi, chair- 
man) is investigating the reproducibility 
of Draves skeins and Shapiro tapes. 

Task Group 3 on Measurement of Re- 
flectance of Test Fabrics (R. B. Diaz, 
chairman).—Cooperative testing is now 
in progress. 

Task Group 4 on Measurement of Re- 
wetting Power (H. J. Ranauto, chair- 
man).—Cooperative testing is being 
initiated. 

Task Group 5 on Brightener Evalua- 
tion (O. C. Bacon, chairman).—Co- 
operative evaluation tests are under way. 

Task Group 6 on Methods for Meas- 
urement of Detergency (W. J. Hart and 
E. B. Ashcraft, Co-chairmen).—Pre- 
liminary work has been initiated. 
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The following new task groups have 
been formed: 

Task Group 7 on Radiotracers in 
Detergency (E. B. Ashcraft, chairman). 

Task Group 8 on Methods for Evalua- 
tion of Rug Cleaning Detergents (J. W. 
Rice, chairman). 

Task Group 9 on Methods for De- 
termination of Cloud Points of De- 
tergents. 

Subcommitiee T-6 on Metal Cleaning 
(H. A. Kafarski, chairman).—A new 
task group will be formed to evaluate 
and improve the Methods for Chemical 
Analysis of Industrial Metal Cleaning 
Compositions (D 800 - 45). 

The task group on Automotive 
Industries Cleaning has about com- 
pleted the development of a laboratory 
test to evaluate detergents for spray 
power washers. Several new task groups 
are being organized. 

A paper by Harris, Kramer, and 
Trexler entitled ‘“‘A Corrosion Test for 
Vitreous Enamel Surfaces” will appear 
in the September, 1956, issue of the 
ASTM Bu ttetin. This method will be 
investigated further. 

Subcommittee G-2 on Nomenclature and 
Definitions (L. T. Howells, chairman) 
prepared the revision in D 459-55 re- 
ferred to earlier in the report. Considera- 
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tion has been given to new definitions 
for precision and accuracy. 

Subcommittee G-5, Program Planning 
(R. B. Mitchell, chairman) was re- 
sponsible for the program presented at 
the March meeting which included the 
following technical papers or presenta- 
tions: 


“Vitreous Enamel Corrosion Test” by J. C. 
Harris, M. G. Kramer, and M. V. Trexler. 
“Some Aspects of Brightener Testing” by H. W. 

Zussman, W. Lennon, and W. Tobin. 
“Measurement of Water-Soluble Soil Removal 
in Drycleaning” by G. P. Fulton, A. C. Lloyd, 
F. Loibl, G. Moore, and D. Reichard. 
“Detergency Evaluation” by W. Craig White. 
A demonstration of ultrasonic cleaning by R. 
Alan of the Industrial Scientific Products 
Div. of Curtiss-Wright Corp. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 118 members; 75 members 
returned their ballots, all of whom have 
voted affirmatively. \ 


Respectfully submitted on behalf of - | 


the committee, 


J. C. Harris, 
Chairman. 


E. W. Corr, 
Secretary. 
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- Committee D-13 on Textile Materials 
held two meetings during the year: On 
October 18 to 21, 1955, and on March 
13 to 16, 1956, both in New York, N. Y. 

At the fall meeting, Walter J. Ham- 
burger, Director, Fabric Research Labo- 
ratories, spoke on the subject “A Tech- 
nology for the Analysis, Design, and Use 
of Textile Structures as Engineering 
Materials.” Dr. Hamburger also pre- 
sented this material at the 1955 Annual 
Meeting of the Society in the form of the 
Marburg Lecture. 

Speaking before Subcommittee A-1, 
Otto Goedecke, President of the Otto 
Goedecke Co., and chairman, Committee 
on Fiber Testing and Correlation of the 
American Cotton Shippers Association, 
reported on “The Cotton Shipper’s 
Viewpoint.” The American Cotton Ship- 
pers Assn. has adopted the ASTM cotton 
fiber testing methods in its official rules 
governing commercial transactions in 
cotton. 

At the spring meeting, the Harold 
DeWitt Smith Memorial Medal for 
1956 was presented to Arthur G. 
Scroggie. Retiring Secretary William H. 
Whitcomb was presented a silver tray 
in recognition of over a quarter century 
of service to Committee D-13. This 
meeting had a record attendance of 202 
members and 51 guests. Thirty-five task 
groups and 18 subcommittees held 
meetings. 

Stanley Backer was appointed to suc- 
ceed B. L. Whittier as the “educator” 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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member of the Smith Award Committee. 
The following appointments of sub- 
committee officers were made during the 
year: Jackson Bauer, chairman, and 
Frank O’Neil, secretary of A-3; M. C. 
Bullock, chairman of A-9; George F. 
Quimby, secretary of A-5; B. S. Sprague, 
chairman, and Donald J. Leitgeb, sec- 
retary of B-7; W.J. D. van Dobbenburgh, 
secretary of B-8; T. D. Lewis, Jr., sec- 
retary of B-9. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, B. L. Whittier. 

First Vice-Chairman, S. J. Hayes. 

Second Vice-Chairman, K. L. Hertel. 

Secretary, H. A. Ehrman. © — 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee D-13 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Methods of: 


Testing Spun and Filament Yarns Made Wholly 
or in Part of Man-Made Organic Base Fibers 
(D 1380-55 T), 

Test for Stiffness of Fabrics (D 1388 - 55 T), 


Revision of Tentative Specifications for: 


Fire-Retardant Properties of Treated Textile 
Fabrics (D 626-55 T), 


Revision and Reversion to Tentative of Standard 
Methods of: 


Quantitative Analysis of Textiles (D 629 - 55 T), 
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Withdrawal of Methods of: 


Testing Continuous Filament Man-Made Or- 
ganic Base Yarns (D 258 - 52 T), 

Testing and Tolerances for Spun Rayon and 
Acetate Yarns and Threads (D 507 - 44), and 

Testing and Tolerances for Yarns Spun from 
Mixed Fibers (D 508 - 53). 


The new Method D 1388, and the 
revisions of Specifications D 626 and 
Methods D 629 were accepted by the 
Standards Committee on January 4, 
1956; the remaining recommendations 
were accepted on September 9, 1955. 
The new and revised tentatives appear 
in the 1955 Book of ASTM Standards, 
Part 7. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for pub- 
lication 1 proposed method as informa- 
tion, 5 new tentatives, revisions of 5 
tentatives, tentative revisions of 1 
standard, revision and reversion to tenta- 
tive of 1 standard, adoption of 5 tenta- 
tives as standard, revisions for immediate 
adoption of 2 standards, and editorial 
revisions of 1 tentative. 

The standards and tentatives affected, 


EDITORIAL NOTE 


~~ a Subsequent to the Annual Meeting, Committee D-13 presented to the So- 
ciety through the Administrative Committee on Standards the following rec- 


together with the revisions recom- 
mended, are listed in detail in the 
Appendix. 

All other standards and tentatives not 
specifically referred to are being actively 
studied by the respective subcommittees 
and it is recommended that they be con- 
tinued in their present status. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


This report has been submitted to 
letter ballot of the committee, which 
consists of 372 members; 153 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of __ 
the committee, 
D. APPEL, 
Chairman. 
H. A. EXRMAN, 
Recording Secretary, 


1 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


ommendations: 
Tentative Tolerances for: 
Spun Rayon and Acetate Yarns (D 1453 —56 T), and 7 
Yarns Spun from Mixed Fibers (D 1454-56 T). or 
These recommendations were accepted by the Standards Committee on b 
September 5, 1956, and the new tentative tolerances appear in the 1956 Sup- 


plement to Book of ASTM Standards, Part 7. 
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APPENDIX I 


——) 


RECOMMENDATIONS AFFECTING STANDARDS FOR 


TEXTILE MATERIALS 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tives covering textile materials. These 
standards and tentatives appear in their 
present form in the 1955 Book of ASTM 
Standards, Part 7. 


PROPOSED METHOD TO BE PUBLISHED 
AS INFORMATION 


The committee recommends that the 
Proposed Method of Test for Strength of 
Cotton Fibers Using a Finite Gage 
Length (Flat Bundle Method) be ac- 
cepted for publication as information 

1 
only, as appended hereto. 
NEw TENTATIVES | 


The committee recommends that the 
following methods be accepted for pub- 
lication as tentative, as appended hereto:? 


Tentative Methods of: 


Test for Non-Lint Content of Cotton (Shirley 
Analyzer Method), 

Test for Twist in Single Spun Yarns (Untwist- 
Twist Methods), 

Test for Twist in Single Spun Yarns (Direct- 
Counting Method), 

Test for Unevenness of Textile Strands, 

Test for Tear Resistance of Woven Fabrics by 
Falling-Pendulum Method. 


REVISION OF TENTATIVES 


- The committee recommends that the 
following five tentatives be revised as 
indicated and continued as tentative: 


1This method appears in the 1956 Compila- 
tion of ASTM Standards on Textile Materials. 
2 The new tentative appears in the 1956 Sup- 
plement to Book of ASTM Standards, Part 7. 


Tentative Methods of Quantitative 
Analysis of Textiles (D 629 — 55 T): 


New Section.—Add the following pro- 
cedure for determining Acrilan in mix- 
tures with wool as a new Section 15 with 
a new Note 15, renumbering the present 
sections and notes accordingly: 


15. Acrilan: (a) A pplication.—This procedure 
is applicable to mixtures of Acrilan with wool. 
Wool is removed completely by a boiling sodium 
hydroxide solution (5 per cent), whereas Acrilan 
acrylic fiber is substantially unaffected by the 
procedure specified. 

(b) Apparatus: 

(1) Pyrex Beaker, 250-ml capacity. ann 

(2) Glass Stirring Rod. -0 

(3) Fritted Glass Filtering Crucible, coarse 
porosity. 

(4) Weighing Bottle, suitable for containing 
fritted glass filtering crucible. 

(5) Suction Flask with suitable adapter. 

(c) Reagents: 

(1) Sodium Hydroxide Solution (5 per cent). 
—Dissolve 50 g of sodium hydroxide (NaOH) 
in 950 g of water. 

(2) Acetic Acid Solution (5 per cent).— 
Dissolve 50 g of glacial acetic acid 
(CH;-COOH) in 950 g of water. 

(d) Test Specimen.—A test specimen weighing 
approximately 1 g shall be analyzed. Remove 
nonfibrous materials in accordance with the 
procedure described in Section 5 and determine 
the oven-drv weight of the clean fiber residue, 
weight C. Before making the analysis cut the 
specimen into approximately }-in. squares to 
facilitate dissolving the wool. 

(e) Prucedure-—Immerse the specimen in 100 
ml of boiling NaOH solution (5 per cent) and 
boil for 10 min. Stir the solution frequently 
during this period and then filter through a 
fritted glass filtering crucible using suction to 
remove excess liquid. Wash the fiber residue 
twice with 100-ml portions of NaOH solution 
(5 per cent), three times with 150-ml portions of 
distilled water, twice with 100-ml portions of 
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acetic acid solution (5 per cept) and three times 
with 150-ml portions of distilled water. Drain 
with the aid of suction, place the crucible in a 
weighing bottle and dry the residue to constant 
weight in an oven at 105 to 110 C, weight N. 

(f) Calculation.—Calculate the Acrilan con- 
tent from Eq (22), Section 15 (Note 15). 

Note 15.—Interlaboratory analyses have 
shown that this method may be used to deter- 
mine the Acrilan content of Acrilan-wool blends 
with a 95 per cent confidence range of +0.7 per 
cent for the mean of two determinations. 


Section 15.—Add the following new 
Eq 22 and renumber the present Eqs 22 
and 23. Change references to these equa- 
tions in the text accordingly. 


N 
Acrilan, per cent = C X 100 ....(22) 


Section 16 (d).—Renumber the equa- 
tions. 


Tentative Method of Test for Tensile 


Strength of Wool Fiber Bundles 
(D 1294-53 T): 
Revise as appended hereto.” 


Tentative Methods of Testing and 
Tolerances for Rayon Tire Cord 
(D 885 54 T): 

Section 19(a).—Change rate of force 
from “16 + 0.5 g per denier per min” 
to “18 + 2 g per denier per min.” 


Tentative Methods of Testing and 
Tolerances for Yarns Containing 
Wool (D 1285 - 53 T): 

Section 10(b).—Change to read as 
follows: 


(6) Worsted Yarn.—The yarn number of 


worsted yarn shall be within the following 
tolerances: 


Yarn Number 


Tolerances 
Single yarn, coarser than No. 23.. +6.5 
Single yarn, No. 23 and finer.... +5.5 
Plied yarn, all numbers......... +8.0 


Vote 2.—Change to read as follows: 


Note 2.—The tolerances here set forth are 
recommended for use in the arbitration of dis- 
putes. These tolerances apply to material in the 
form of spun yarn only. They are not applica- 
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ble to yarn in fabric or garments or in any 
state in which its form has been changed from 
the spun yarn. 


Tentative Methods of Testing Spun 
End Filament Yarns Made Wholly or 
in Part of Man-Made Organic Base 
Fibers (D1380-55T): Delete all 
references to the Typp system of 
yarn number. 


TENTATIVE REVISIONS OF STANDARDS 


The committee recommends tentative 
revisions of the Standard Definitions of 
Terms Relating to Textile Materials 
(D 123 — 55), as follows: 

Add the following definitions: 


Fiber, Natural, n.—A class name for various 
genera of fibers (including filaments) of (J) 
animal, (2) mineral, or (3) vegetable origin. 

Note: Examples.—(1) silk and wool, (2) 
asbestos, (3) cotton, flax, jute, ramie. 

Fiber, Man-made, n.—A class name for 
various genera of fibers (including filaments) 
produced from fiber forming substances which 
may be (J) polymers synthesized by man from 
simple chemical compounds, (2) modified or 
transformed natural polymers, and (3) glasses. 

Note: Examples.—(1) polyacrylic, poly- 
amide, polyester, polyethylene, polyurethane, 
and polyviny] fibers are truly synthetic, being 
formed from polymers produced by man; (2) 
alginic fibers and cellulose base fibers, such as 
acetate and rayon, are examples of fibers made 
from polymers produced by nature. 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 


The committee recommends that the 
Standard Methods of Identification of 
Fibers in Textiles (D 276-49) be re- 
vised as appended hereto? and reverted 
to tentative status. 


ADOPTION OF TENTATIVES AS STANDARD 
Wirnout REVISION 


The committee recommends that the — 


iollowing five tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 
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Tentative Method of Test For: 


Maturity of Cotton Fibers (Random Sample- 
Sodium Hydroxide Swelling Method) 
(D 1443 - 53 T), 
Cross-Sectional Characteristics of Cotton Fibers 
(D 1444-53 T), 
Fineness of 
(D 1448 -54T), 


Cotton Fibers 


Tentative Specification and Methods of Test for: 
Fineness of Wool Tops (D 472 - 55 T), and © 


Tentative Methods of: | 


Core Sampling of Raw Wool in Packages for 
Determination of Percentage of Clean Wool 
Fiber Present (D 1060-55 T). a, 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption, revisions in the follow- 
ing standards consisting of the deletion 
of all references to the Typp system of 
yarn number, and accordingly requests 
the necessary nine-tenths affirmative 

vote at the Annual Meeting in order that 
the revisions may be referred to letter 
ballot of the Society: 


Standard Methods of: 


= and Tolerances for Cotton Sewing 
Threads (D 204-42), and 
Test for Yarn Number of Yarn from Fabrics 
(D 1059-52). . 


Report oF ComMMITTEE D-13 (APPENDIX I) _ 


EpirorIAL CHANGE 


The committee recommends the fol- 
lowing editorial change in the Tentative 
Methods of Test for Stiffness of Fabrics 
(D 1388 - 55 T): 

Section I(d).—Change to read as 
follows: 


(d) The two methods may not give the same 
numerical values but both give excellent rank 
correlation with a subjective evaluation ob- 
tained by feeling the fabric. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following specifications and methods be 
continued as tentative without revision: 


Tentative Specifications and Method of Test for: 
Fineness of Wool (D 419 - 55 T), 


Tentative Method of Test for: 


Fiber Length of Wool Tops (D 519-55 T), 

Vegetable Matter and Alkali-Insoluble Impuri- 
ties in Scoured Wool (D 1113 -54T), 

Average Fiber Diameter of Wool Tops by Porous 
Plug Tester (D 1282 - 53 T), 

Wool Content of Raw Wool (Commercial 
Scale) (D 1334-54 T), and 


Tentative Method of Sampling and Testing: 


Staple Length of Wool in the 
(D 1234-54 T). 
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Committee D-14 held two meetings 
during the year: at Case Institute of 
Technology, Cleveland, Ohio, on Octo- 
ber 27 and 28, 1955, and in Louisville, 
Ky., on April 4, 5, and 6, 1956. The third 
day of the April meeting was devoted to 
field trips to Joseph E. Seagram & Sons, 
Inc., to observe the use of adhesives for 
labeling and packaging, and to the 
Mengel Co. furniture and plywood plant. 

The committee consists of 133 mem- 
bers, of whom 49 are classified as pro- 
ducers, 59 as consumers and 25 as general 
interest or consulting members. 

The following subcommittee chairmen 
have been appointed: 

Subcommittee II on Analytical Prop- 
erties, G. F. Lipsey. 

Subcommittee IV on Working Prop- 
erties, N. J. DeLollis. 

Subcommittee VI on Nomenclature, 
G. W. Koehn. 

Subcommittee VIII on 
Properties, F. Moser. 

Subcommittee IX on Editorial Re- 
view under the chairmanship of Frank 
W. Reinhart was established at the Octo- 
ber meeting. 

A section on Stress Concentration was 
established under the jurisdiction of Sub- 
committee I. Three task groups on Slip- 
page and Flow, New Applications of 
Adhesives, and New Methods of Evalu- 
ation of Adhesives were established under 
the jurisdiction of Subcommittee VII. 


Electrical 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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The officers elected for two-year terms _ 
were as follows: 3 
Chairman, R. F. Blomquist. 7 
Vice-Chairman, J. E. Rutzler, Jr. «| 
Secretary, J. J. Lamb. : 
Membership Secretary, W. W. Seder- 
lund. 


REVISIONS OF TENTATIVES eS 


The committee recommends that the 
Method for Determining the Effect of 
Moisture and Temperature on Adhesive 
Bonds (D 1151-51 T), be revised as 
follows and continued as tentative: 

Table I.—In Footnote (0), delete the 
words, “Or, alternatively immersion in 
water at room temperature (70 to 100 F) 
for a 48-hr period or until equilibrium 
(constant weight) is reached,” and after 
the words “vacuum at 20” insert “+1.” 

Section 4(b).—Place a period after the 
words “Table I,” and delete “unless 
otherwise specified by written agreement 
between the manufacturer and the pur- 
chaser of the adhesives.” 

Section 7.—In Paragraph (4), after the 
words ““Test conditions used” insert the 
phrase “any deviation from conditions 
listed in Table I.” 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following two tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision: 
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Method of Test for: 


Storage Life of Adhesives by Consistency and 
Bond Strength (D 1337-54T),' and 
Working Life of Liquid or Paste Adhesives by 
Consistency and Bond Strength (D 1338 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives, which have been 
published by the Society for two or more 
years, be continued without revision 
pending the results of further study: 


Tentative Recommended Practice for: 


Determining the Effect of Artificial (Carbon-Arc 
Type) and Natural Light on the Permanence 
of Adhesives (D 904-46 T), and 

Determining Strength Development of Ad- 
hesive Bonds (D 1144-51T). 


Methods of Test for: 


Strength Properties of Adhesives in Shear by 
Tension Loading (Metal-to-Metal) (D 1002 - 
$3T), 

Effect of Mold Contamination on Permanence 
of Adhesive Preparations and Adhesive 

Bonds (D1286-53T), and 

Adhesives Relative to Their Use as Electrical 

Insulation (D 1304 54 T). 


Method of Testing: oh, 
Cross-Lap Specimens for Tensile Properties of 
Adhesives (D 1344 - 54 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Strength Properties 
(C. E. Britt, chairman).—Current wide- 
spread interest in high-strength adhe- 
sives in the aircraft and building indus- 
tries is reflected in the subcommittee 
activities. 

Investigations are under way on rate 
~ 11955 Book of ASTM Standards, Part 7. 

? The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


of loading to be specified in the Test for 
Strength Properties of Adhesives in 
Shear by Tension Loading (Metal-to- 
Metal) (D 1002-53 T), evaluation of 
peel strength of metal-to-metal adhesive 
bonds and evaluation of creep properties 
of metal-to-metal joints in long-time 
loading. Closely related to this problem 
is the determination of the suitability of 
chambers used to conduct strength tests 
of bonded joints at high and low temper- 
atures. A recommended practice cover- 
ing this latter phase has been prepared. 

The versatility of wood as a construc- 
tion material is recognized, particularly 
when employed in bonded composite 
structures employing metals, glass, or 
rubber. The problems of evaluating such 
composite materials are being considered, 
with attention being given to the use of 
brittle lacquer coatings and electrical 
strain gages. 

Subcommittee II on Analytical Tests 
(G. F. Lipsey, chairman).—Proposed 
methods of test for amylaceous matter 
in adhesives, nonvolatile content of 
aqueous adhesives and for nonvolatile 
content, filler content, and hydrogen ion 
concentration of phenol-, resorcinol-, and 
melamine-formaldehyde resin adhesives 
have been developed. Methods for the 
nonvolatile content and specific gravity 
of solvent-type adhesives have also been 
developed. 

Subcommittee III on Tests for Perma- 
nency (D. A. George, chairman).—Plans 
have been made for collecting and re- 
viewing information on various exposure 
and service tests of adhesive bonded 
wood joints now in progress throughout 
the country. Efforts will be made to cor- 
relate the results of these long-time tests 
with short-time laboratory permanence 
tests already developed or under con- 
sideration. A study was made of two 
alternative immersion procedures for the 
Method of Test for Effect of Moisture 
and Temperature on Adhesive Bonds 
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(D 1151-51 T), resulting in a revision 
of part of this procedure. The need for 
additional test methods on the effects of 
chemical reagents and of microorganisms 
on adhesive bonds is under consideration. 

Subcommittee IV on Working Qualities 
(M. Petronio, chairman) is considering a 
stroboscopic control method for effecting 
constant rate of shear of the Stormer 
viscometer when used in accordance 
with the Tentative Method of Test for 
Consistency of Adhesives (D 1084 - 
55 T), Method C. 

A report summarizing the data ob- 
tained with the modified Interchemical 
Corp. Tackmeter is being prepared and 
will be submitted for publication. An- 
other report will summarize the results of 
a study on critical glue-line thickness. In- 
formation from a questionnaire on slip- 
page and flow will be used to guide ac- 
tivities on this subject. 

Subcommittee V on Specifications (S. L. 
Adams, chairman) has undertaken a 
program to develop an acceptable sta- 
tistical sampling ‘technique for liquid 
adhesives. The initial phase of the pro- 
gram is devoted to developing quantita- 
tive data which will permit statistical 
evaluation of variability. 

A tentative specification for room- 
temperature and intermediate-tempera- 
ture setting wood adhesives has been 
submitted to letter ballot of the subcom- 
mittee and is being reviewed in light of 
revised military specifications. A tenta- 
tive specification and method of test for 
bonding permanency of adhesives for 
labeling glass bottles has been developed 
and is being submitted to letter ballot of 
the subcommittee. Work is continuing on 
specifications for adhesives for sealing 
top flaps of shipping cases and on general 
utility adhesives. 
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Subcommittee VI on Nomenclature (F. 
W. Reinhart, chairman) is defining a 
number of new terms and some have 
been out for letter ballot. Recent atten- 
tion has been focused on terms related to 
adhesives for paper and paper containers. 

Subcommitiee VII on Research (J. E. 
Rutzler, Jr., chairman) has initiated a 
program of preparing semiannual lists of 
literature references of importance to 
workers in the fields of adhesion and 
adhesives. 

Considerable attention has been de- 
voted to the fundamentals of tack in 
order to define, classify, measure, and 
interpret this property more specifically. 
New task groups are being organized on 
the fundamentals of slippage and flow 
properties, and to assemble and consider 
new applications of adhesives and new 
methods for evaluating adhesive bonds. 
During the year, research papers were 
presented on the following subjects: 
“Progress in the Study of Tack,” by F. 
H. Wetzel; “Influence of Polymer Orien- 
tation at Interfaces on Joint Strength,” | 
by H. R. Merriman; “Adhesion of Poly- 
ethylene to Metals,” by N. J. DeLollis; 
“Forces Involved in Adhesive Bonds,” © 
by J. E. Rutzler, Jr. 


This report has been submitted to 
letter ballot by the committee, which — 
consists of 133 voting members: 71 mem- 
bers returned their ballots, of whom 62 
have voted affirmatively and 0 nega-— 
tively. 


Respectfully submitted on behalf of 
the committee, 


R. F. BLomauist, 
Chairman, 
C. K. MERRILL WINNE, 


Secretary. 
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Committee D-15 on Engine Anti- 
freezes held two meetings during the 
year: the first in New York, N. Y., on 
October 20, 1955, and the second in 
Washington, D. C., on March 22, 1956. 

There have been two resignations 
from the committee during the year. At 
present the committee is composed of 37 
members, of whom 11 are classified as 
producers, 16 as consumers, and 10 as 
general interest members. 

The officers and Advisory Com- 
mittee members elected for the ensuing 
term of two years are as follows: 

Chairman, J. M. Clark. 

Vice-Chairman, F. G. Church. 
Secretary, C. F. Graham. 
Advisory Committee: O. W. Chandler, 

C. O. Durbin, V. O. Hatch, G. Kaufman, 

R. E. Vogel. 

Unanimous approval was given at the 
March meeting to a tribute of apprecia- 
tion for H. R. Wolf the retiring charter 
chairman. The citation to be presented 
Mr. Wolf in the form of a scroll recog- 
nizes his outstanding leadership as chair- 
man. His wise counsel, his scientific 
integrity, the high regard of his friends 
and associates on the committee, have 
provided the inspiration and guidance 
for the promotion of knowledge of anti- 
freeze properties and the development of 
test methods since the founding of the 
committee. 

The Board of Directors, at a special 
presentation by President C. H. Fellows, 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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on April 25, 1956, at Detroit, Mich., con- 
ferred upon H. R. Wolf the ASTM Award 
of Merit. This Award was made in recog- 
nition of longtime, valued service to the 
Society, especially supporting standardi- 
zation and research work in Committee 
D-2 on Petroleum Products and Lubri- 
cants, and one of the organizers of Com- 
mittee D-15 on Engine Antifreezes of 
which he served as chairman from 1947 
to 1956. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


Committee D-15 recommends that the 
following tentative ‘specification and 


- methods be continued as tentative with- 


out revision: 


Tentative Specification for; 

Hydrometer Thermometer Field Test for En- 
gine Antifreezes (D 1124 — 53 T). 

Tentative Methods of Test for: 


Ash Content of Concentrated Engine Anti- 
freezes (D 1119-53 T), and pH of Concen- 
trated Engine Antifreezes (D 1278 - 53 T). 


The recommendations in this report 
have been submitted to letter ballot of 


the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Antifreeze Field 
Testers (F. G. Church, chairman) is 
revising the Tentative Specification for 
the Hydrometer-Thermometer Field 


2 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. 
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Tester for Engine Antifreezes (D 
1124 - 53 T) to include a test method for 
obtaining basic data with hydrometers 
for the initial calibration of these testers 
for primary use by antifreeze producer 
and tester manufacturers. Collaborative 
tests are in progress to establish the 
accuracy and adequacy of the test 
method. A study group on Direct- 
Reading Testers (J. J. Ondrejcin, chair- 
man) is continuing its investigation of 
other testers such as the direct-freeze 
type in which a sample of the antifreeze 
is frozen with dry ice or expanding 
CO: gas. 

Subcommittee IV on Chemical Proper- 
ties (E. G. Travis, chairman).—The 
Study Group on Karl Fischer Moisture 
Method reported the results of labora- 
tory investigation of inhibitor inter- 
ference with Karl Fischer reagent. Due 
to the complexity of the problem, the 
study group chose to discontinue the 
laboratory work, and to add a sig- 
nificance statement to the present 
method pointing out to users of the 
method the possibility of interference of 
Karl Fischer’s reagent by components of 
antifreeze. 

In addition, the study group has 
recommended changing the present 
moisture determination method to in- 
corporate the new glycol ether-base 
reagent as opposed to the older methanol- 
base reagent. 

Subcommittee V on Effect of Antifreeze 
on Rubber Hose (O. W. Chandler, chair- 
man).—Collaborative test results on a 
proposed glassware test for determining 
the effect of engine antifreezes on cooling 
system hoses indicate that the proposed 


if 
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method is satisfactory. It has been 
agreed that an appendix should be added 
to the method to explain fully the test 
significance as well as to provide a de- 
tailed discussion, illustrated by actual 
test results, of test accuracyand precision. 

Subcommittee VI on Simulated and 
Actual Service Testing (C. H. Sweatt, 
chairman).—The Study Group on Glass- 
ware Test Methods (E. L. Gibson, chair- 
man) is developing a glassware screening 
test to evaluate the foaming properties 
of engine antifreezes. 

The newly organized Study Group on 
Service Simulation Test Methods, with 
Mr. V. O. Hatch as acting chairman, is 
proceeding with the development of a 
circulating type corrosion and foaming 
test to simulate conditions encountered 
in service. Collaborative tests will be 
initiated as soon as design details are 
completed. 

Subcommittee VII on Specifications 
(J. M. Clark, chairman) was inactive 
during the year; it is awaiting the com- 
pletion of Projects in Subcommittees 
IV and VI. 


This report has been submitted to 
letter ballot to the committee, which 
consists of 37 voting members; 37 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 4 
the committee, 
Wo tr, 
Chairman, 


C. F. GRAHAM, 


Secretary. = 
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Committee D-16 on Industrial Aro- 
matic Hydrocarbons and Related Ma- 
terials and its subcommittees held 
meetings on June 27 and 28, 1955, in 
Atlantic City, N. J., and on February 
27 and 28, 1956, in Buffalo, N. Y. 

A new Subcommittee H on Alkyl 
. Aromatics for Detergent Intermediates 
was formed with S. S. Kurtz, Jr., as 

chairman. 
The present officers were re-elected 
“fee the ensuing term of two years. 


__ REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revision 
of the Standard Method of Test for 
Distillation of Industrial Aromatic Hy- 
drocarbons (D 850-55)! and accord- 
ingly requests the necessary nine-tenths 
affirmative vote at the Annual Meeting 
in order that the revision may be referred 
to letter ballot of the Society. 

Section 2 ({).—Change to read as fol- 
lows: 


Heater—An electric heater or a bunsen 
burner, fully adjustable and capable of giving 
sufficient heat to distill the product at the re- 
quired rate. When a bunsen burner is used, the 
burner shall be adjusted so as to produce an 
entirely blue flame. In case of dispute concerning 
results obtained with gas heat versus electric 
heat, gas heat shall be accepted as the standard. 


This recommendation has been sub- 
mitted to letter ballot of the committee, 


*.. Presented at the Fifty-ninth Annual Meet- 
- ing of the Society, June 17-22, 1956. 
11955 Book of ASTM Standards, Part 5. 
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the results of which will be reported at 
the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee A on Monocyclic Aro- 
matics (S. S. Kurtz, Jr., chairman) has 
prepared a revision of Specification 
for Industrial 90 Benzene (D 837). A 
method for the determination of thio- 
phene in benzene, to include values of 
less than 1 ppm, will be recommended 
for publication as information only‘ since 
the method will probably be extensively 
revised before being considered for pub- 
lication as tentative next year. Current 
projects include investigation of spectro- 
scopic methods for determining isomer 
distribution in nitration grade xylene, 
the coulometric procedure for deter- 
mining the bromine index of benzene, and 
revision of the existing potentiometric 
method. 

Subcommittee B on Polycyclic Aro- 
matics (M. Mitchell, chairman) has 
reached agreement on a method for de- 
termining color of refined naphthalene. 
Further work on methods for solidifica- 
tion point and acid wash test is planned. 

Subcommittee C on Phenolic Compounds 
(V. S. Morello, chairman) has conducted 
cooperative tests on a method for de- 
termining water content of refined phenol 
with excellent results. Progress was made 

2 The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 

3 See Editorial Note. 

* This method appears in the 1956 Compila- 


tion of ASTM Standards on Benzene, Toluene. 
Xylene, Solvent Naphtha. 
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on methods for solidification point and 
water solubility. 

Subcommittee D on Nitrogen Hetero- 
cyclics (W. Sisco, chairman) is con- 
ducting cooperative tests on methods for 
determining boiling range and water 
content of refined pyridine and refined 
quinoline. A solidification point method 
for quinoline is also being studied. 

Subcommittee E on Thermometry (K. 
H. Ferber, chairman) is working on the 
development of a series of solidification 
point thermometers, graduated in 0.1 
C, 30 deg range, 76 mm immersion. Con- 
tact with Subcommittee 17 on Thermom- 
eters of Committee E-1 on Methods of 
Testing is being maintained with the 
aim of securing official listing of the 
series as ASTM thermometers. 
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Subcommittee G on Statistical Pro- 
cedure (W. J. Tancig, chairman) is 
functioning as a consultant body to aid 
in the cooperative programs of the other 
subcommittees. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 56 voting members; 37 mem- 
bers returned their ballots, of whom 34 
have voted affirmatively, and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
D. F. Goutp, 
Chairman. 
F, J. PowE Lt, 
Secretary. | 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-16 presented to the Society 
through the Administrative Committee on Standards the recommendation that the 
Standard Specifications for Industrial 90 Benzene (D 837-50) be revised and re- 
verted to tentative status. This recommendation was accepted by the Standards 
Committee on August 9, 1956, and the tentative specifications appear in the 1956 
Supplement to Book of ASTM Standards, Part 5. 
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REPORT OF COMMITTEE D-17 


Committee D-17 on Naval Stores held 
one meeting during the year, on June 
28, 1955, at Atlantic City, N. J. 

The committee consists of 38 members, 
of whom 17 are classified as producers, 
10 as consumers, and 11 as general inter- 
est members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, V. E. Grotlisch. _ 

Vice-Chairman, J. L. Boyer. 

Secretary, W. A. Kirklin. 


_ RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee D-17 presented to the 
Society through the Administrative 
Committee on Standards the recom- 
mendation that the Standard Methods 
of Testing Tall Oil (D 803-51) be re- 
vised and reverted to tentative status. 
The revised tentative methods appear 
in the 1955 Book of ASTM Standards, 
Part 4. 


ADOPTION OF TENTATIVE AS STAND- 
ARD WITHOUT CHANGE 


The committee recommends that the 
Tentative Methods of Test for Un- 
saponifiable Matter in Rosin 
(D 1065 — 54 T)' be approved for refer- 
ence to letter ballot of the Society for 
adoption as standard without change. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
11955 Book of ASTM Standards, Part 4. 
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The recommendation ie this report 
has been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.? 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Softening Point of 
Rosin (J. M. Schantz, chairman).— 
More than 20 years have elapsed since 
the modified method of test for softening 
point by ring and ball method (now 
Method E 28-517) was published by 
Committee D-17 (see appendix to 1933 
Annual Report). Although this method 
is still important in both routine and 
referee testing of the softening point of 
rosins and related naval stores products, 
and referred to in most specifications for 
this class of material, the committee will 
begin collaborative study on the so- 
called Hercules drop method as an addi- 
tional method for testing softening point 
of rosin. This method will be discussed 
at the Annual Meeting. 

Subcommittee II on Crystallization of 
Rosin (S. R. Snider, chairman).—Sam- 
ples of gum rosin representing all areas 
of production, and made from pine gum 
collected both in summer and late fall, 
were tested in accordance with the 
proposed method for determining the 
so-called crystallization tendency of rosin 
published as Appendix I to the 1955 
Annual Report of Committee D-17.’ 
The results appeared to confirm an earlier 

? The letter ballot vote on this recommenda- 
tion was favorable; the results of the vote are on 
record at ASTM Headquarters. 


3 Proceedings, Am. Soc. Testing Mats., Vol. 
55, p. 531 (1955). 
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assumption that the tendency for gum 
rosin to crystallize is in some manner 
related to the geographical location of 
the timber stands from which the crude 
gum or oleoresin was collected. A col- 
laborative test program will be based 
upon this study. 

Subcommittee IV on Chemical Analysis 
of Rosin (R. Herrlinger, chairman).— 
Samples of mixtures of fatty and rosin 
acids of known composition were pre- 
pared for use in collaborative work to- 
ward a more reliable method for deter- 
mining fatty acids in rosin. Such a test 
has particular importance in the analysis 
of tall-oil rosin, in which fatty acids are 
usually present but must be closely con- 
trolled and held to a low value. Efforts 
to prepare known mixtures by combin- 
ing pure abietic acid with pure fatty 
acids were not successful because, when 
such a mixture cools and solidifies, the 
abietic acid tends to crystallize, thereby 
“squeezing” out the fatty acid from the 
mixture to produce a nonuniform mass 
not fully suitable as an authentic sample 
on which to carry out the proposed 
collaborative work. This difficulty was 
not encountered when the fatty acids 
were combined with refined wood rosins. 
It is planned to include both the modified 
Wolfe method, as described in the tall- 
oil test methods, and the Linder-Persson 
method, which has been recommended. 
Lack of the necessary laboratory equip- 
ment and insufficient interest has post- 
poned the study of spectrophotometric 
procedures used to identify and quantita- 
tively determine the rosin acids present 
in rosins. 

Subcommittee VII on Terpene Hydro- 
carbons and Pine Oil (R. E. Price, 
chairman).—The directions for conduct- 
ing the distillation test on turpentine, 
dipentene, and pine oil, as given in the 
several standard methods of test for 
these materials, have been reviewed 
with emphasis on the corrections applied 
to the observed initial distilling tempera- 
ture and the temperature when the 
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distillation is stopped, and to adjust the 
test for variations in atmospheric pres- 
sure. It was found that the temperature 
correction now used for turpentine, 
0.057 C per mm of mercury variation 
from standard pressure of 760 mm at 
0 C, was determined and published over 
100 years ago by the French chemist, 
Regnault. This value is not in agreement 
with the correction computed on the 
basis of the distilling range for turpentine 
by the Sydney Young equation, which 
is now generally accepted as being appli- 
cable to any distillation test. The Sydney 
Young value for turpentines is 0.052 C 
per mm of mercury, while for dipentene 
and pine oils the values are 0.054 and 
0.059, respectively. Editorial revisions 
based on this work are being prepared for 
inclusion in the dipentene Method D 801 
and pine oil Method D 802. 

The directions for performing the test 
for unpolymerized residue in turpentine 
have been reviewed in view of the fact 
that some difficulty has been reported in 
using the ASTM Standard Methods of 
Sampling and Testing Turpentine 
(D 233). High results in excess of the 2.0 
per cent permitted in the standard 
specifications for turpentine were re- 
ported by several laboratories, most 
often on steam-distilled wood turpen- 
tines, but with referee testing the poly- 
merization residues were usually found 
to be within the specification limits. 


This report has been submitted to- 


letter ballot of the committee, which 
consists of 38 voting members; 26 mem- 
bers returned their ballots, of whom 24 


have voted affirmatively and 0 nega- 


tively. 


Respectfully submitted on behalf of w 


he committee, 
Groriscn, 


: 

Chairman. 

W. A. 


Secretary. 
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_ Committee D-18 on Soils for Engineer- 
ing Purposes held its Annual Meeting at 
Atlantic City, N. J., on June 29, 1955. 
Executive Subcommittee meetings were 
held on June 27, 1955, at Atlantic City 
and on January 16, 1956, at Washing- 
ton, D. C. 

A Symposium on Judgment Factors in 
Soil Testing' was held during the 1955 
Annual Meeting to provide discussions 
on past, present, and future activities of 
the committee with respect to standard- 
izing certain soil tests. It is believed the 
discussions have done much to clear the 
way for future constructive work by the 
committee. 

A soils session also was held during the 
1955 Annual Meeting consisting of five 
papers on general soils subjects; a similar 
session is planned at the 1956 Annual 
Meeting as well as a Symposium on Vane 
Shear Testing.” 

During the 1955 Annual Meeting the 
second Hogentogler Memorial Award of 
Committee D-18 was presented to 
Messrs. H. G. Mason, J. A. Bishop, 
L A. Palmer, and P. O. Brown for their 
paper on “Piles Subjected to Lateral 


_ Thrust.” On June 28, 1955, Committee 


Chairman E. J. Kilcawley received the 
Society Award of Merit for continuous 
and outstanding service to the Society 
through Committee D-18 activities. 

Soils sessions are scheduled during the 
Second Pacific Area National Meeting of 

* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


1 See Donald M. Burmister, “Judgment and 
Environment Factors in Soil Investigations,’’ 


ASTM Bw ttetin No. 217. October, 1956, p. 55 
(TP 189). 


2 Issued as separate publication ASTM STP 
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the Society (September 16 to 22, 1956) 
in Los Angeles, Calif., and 15 papers 
have been secured.’ Responsibility for 
the sessions rests with a special com- 
mittee consisting of F. J. Converse 
(chairman), W. G. Holtz, and R. Horon- 
jeff. 

A special committee to consider re- 
visions of the procedures for soil testing 
was formed consisting of the subcom- 
mittee chairmen, with W. J. Turnbull, 
chairman. The summer of 1957 has been 
set as the deadline for the completion of 
the work. 

A review of the form of ASTM stand- 
ards for soils is to be made by a special 
committee consisting of the subcommit- 
tee chairmen and R. F. Leggett, with 
W. G. Holtz, chairman. The committee 
desires definite suggestions on how the 
standards might be improved, taking into 
account the peculiarities of standardizing 
soil tests. 

A. E. Cummings, chairman of Subcom- 
mittee R-11, and D. W. Taylor, com- 
mittee member, died during the past 
year. Both of these men have been 
active in committee work for many 
years and will be greatly missed by their 
colleagues. 

N. W. McLeod has been appointed 
chairman of Subcommittee R-4 on 
Physical Properties of Soils, and W. S. 
Housel has been appointed chairman of 
Subcommittee R-11 on Pile Load Bear- 
ing Tests. 

The committee consists of 129 indi- 
vidual members and 19 consultants. 
There are 99 voting memberships 


3 Issued as separate publication ASTM STP 
No. 206. 
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divided as follows: producers, 21; con- 
sumers, 37; and general interest, 41. 


NEW TENTATIVES 


The committee recommends that the 
following method be accepted for publi- 
cation as tentative as appended hereto:* 


Method of Testing Graded Aggregate Road 
Mixes for Certain Water Soluble Chlorides 
Present as Admixtures. (Jointly with Com- 
mittee D-4 on Road and Paving Materials; 
see D-4 Report for copy of the method.) 


REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Method of Test for Moisture- 
Density Relations of Soils (D 698 — 42 T)® 
be revised as appended hereto‘ (contin- 
gent on similar action by Committee 
D-4). 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following tentatives which have stood 
for two or more years be continued with- 


out change: — 

Tentative Method of: — ae 

Grain-Size Analysis of Soils (D 422 -54T), 

Test for Liquid Limit of Soils (D 423-54T), 
Test for Plastic Limit and Plasticity Index of 
Soils (D 424-54T), 
Testing Soil-Bituminous 

47T), 

Test for Shear Strength of Flexible Road Sur- 
faces, Subgrades and Fills by the Burgraff 
Shear Apparatus (D 916 - 47 T), 

Test for Bearing Capacity of Soil for Static Load 
on Spread Footings (D 1194-52T), 

Repetitive Static Load Tests of Soils, for Use 
in Evaluation and Design of Airport and 
Highway Pavement (D 1195 - 52 T), 

Nonrepetitive Static Load Tests of Soils, for 
Use in Evaluation and Design of Airport and 
Highway Pavements (D 1196 - 52 T), and 

Test for Load-Settlement Relationship for Indi- 
vidual] Piles (D 1143 - 50 T). 


Mixtures (D915 - 


4 The new and revised tentatives appear in 
the 1956 Supplement to Book of ASTM Stand- 
ards, Part 3. 

51955 Book of ASTM Standards, Part 3. 
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Tentative Definitions of: 


Terms and Symbols Relating to Soil Mechanics 
(D 653 - 42 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.® 


SUBCOMMITTEE ACTIVITIES 


Subcommittee G-1, Editorial (E. E. 
Bauer, chairman) reviewed the revision 
of the Tentative Method of Test for 
Moisture-Density Relations of Soils 
(D 698) referred to earlier in the report. 

Subcommittee G-2 on Special Papers 


(Paul Phelan, chairman) arranged for 


the presentation of five papers at a 
general soils session to be held during 
the 1956 Annual Meeting of the Society. 

Subcommitlee G-3 on Nomenclature and 
Definitions (C. R. Foster, chairman) has 
completed the review of approximately 
600 terms relating to soils mechanics and 
foundation engineering and plans to 
recommend their incorporation in the 
Definitions of Terms and Symbols Re- 
lating to Soil Mechanics (D 653 - 42 T). 

Subcommittee R-2 on Sampling and Re- 
lated Field Testing for Soil Investigation 
(J. O. Osterberg, chairman) prepared the 
three proposed methods for auger 
sampling, thin wall tube sampling, and 
penetration testing and splin spoon 
sampling, referred to earlier in the re- 
port. The subcommittee has arranged for 
several papers to be presented at a Sym/ 
posium on Vane Shear Testing? during 


the 1956 Annual Meeting of the Society. 


Subcommittee R-3 on Physical Charac- 
teristics of Soils (E. E. Bauer, chairman) 
prepared the revisions of the Tentative 
Method of Test for Moisture-Density 
Relations of Soils (D 698) referred to 
earlier in the report. 


6 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Section D is sponsoring a cooperative 
testing program to determine the best 
procedure to be used for maximum and 
minimum void ratio values required for 
relative density determinations. A survey 
is being conducted to determine the use 
being made of the Method of Test for 
Centrifuge Moisture Equivalent of Soils 
(D 425 - 39), and Method of Test for 
Field Moisture Equivalent of Soils 
(D 426-39). Consideration is being 
given to suggestions for revisions of the 
Method of Grain-Size Analysis of Soils 
(D 422 - 54 T). 

Subcommittee R-5 on Structural Proper- 
ties of Soils (D. M. Burmister, chairman) 
is considering which structural property 
tests might be standardized in view of 
the necessity to consider environmental 
influences in interpreting the test results. 
Section C plans to work on a method for 
unconfined compression testing. 

Subcommittee R-7 on Identification and 
Classification of Soils (A. A. Wagner, 
chairman) is reviewing the number of 
classification systems to be included in 


the revised edition of the Procedures for 
Testing Soils. 


—_ 
= 
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Subcommittee R-9 on Dynamic Proper-— 
ties of Soils (R. K. Bernhard, chairman). 
—The Bibliography on Soil Dynamics is 
being brought up-to-date, and a discus- 
sion of some current dynamic research 
projects is planned for the next meeting. 
A glossary of terms and definitions relat- 
ing to soil dynamics has been referred to 
Subcommittee G-3. 

Subcommittee R-11 on Pile Load Bear- 
ing Tests (W. S. Housel, chairman) is 
considering revisions of the Method of 
Test for Load-Settlement Relationship 
for Individual Piles (D 1143 - 50 T). 


This report has been submitted to 
letter ballot of the committee, which 
consists of 100 voting members; 65 mem- 
bers returned their ballots all of whom 
voted affirmatively. 


Respectfully submitted on_ behalf of 
the committee, 


E. J. KILCAWLEY, 
Chairman. 
W. G. Hotzz, 
Secretary. 
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Be 


Committee D-19 on Industrial Water 
and its subdivisions held meetings on 
June 29 to July 1, 1955, in Atlantic City, 
N. J., and on January 23 to 25, 1956, 
in Biloxi, Miss. 

A Symposium on High-Purity Water 
Corrosion, sponsored by the committee 
at the 1955 Annual Meeting of the So- 
ciety, has been published as ASTM STP 
179. 

A Symposium on Industrial Water’, 
consisting of the papers listed below, will 
be sponsored by the committee during 
the Second Pacific Area National Meet- 
ing of the Society (September 16-22, 
1956) at Los Angeles, Calif.: 


“Industrial Waste Problems in Southern Cali- 
fornia,” by T. C. Wilson, Los Angeles Bureau 
of Standards. 

“Water Pollution Control in the Los Angeles 
Area,” by C. B. Johnston, Los Angeles Re- 
gional Water Pollution Control Board No. 4. 

“Sea Water Purification,” by O. M. Elliott, 
Sun Oil Co. 

“Committee D-19: The First Quarter Century,” 
by R. C. Adams, U. S. Naval Engineering 
Experiment Station. 

“The Use of Organic Flocculants and Flocculat- 
ing Aids in the Treatment of Industrial Water 
and Industrial Waste Water,” by J. K. Rice, 
Cyrus Wm. Rice & Co. 


This symposium has been arranged 
by L. Drew Betz, Chairman of Sub- 
committee VII on Industrial Waste 
Water. 

Committee D-19 is very much in- 
terested in the Symposium on Steam 

* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


1 Issued as a separate publication ASTM STP 
No. 207. 
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Quality? which is being sponsored by the 
Joint Research Committee on Boiler 
Feedwater Studies at the 1956 Annual 
Meeting of the Society. The following 
papers comprise the symposium: 


“Measurement and Purification of Steam to 
0.01 ppm Total Dissolved Solids,” by W. B. 
Gurney, Gulf States Utilities Co. 

“Steam Purity Determination by Tracer Tech- 
niques,” by Earl E. Coulter, the Babcock & 
Wilcox Co. 

“Comments on Corrections to Steam Con- 
ductivity Measurements,” by R. O. Parker, 
Griscom-Russell Co. 

“Construction and Operation of Larson-Lane 
Steam Purity and Condensate Analyzers,” 
by A. B. Sisson, Commonwealth Edison Co., 
F. G. Straub, University of Illinois, and R. W. 
Lane, Illinois State Water Survey. 


The committee is continuing prepara- 
tion of a new edition of the Manual on 
Industrial Water as discussed in detail 
in the report of Subcommittee II. 

Committee D-19 consists of 131 mem- 
bers; they are not classified. 

As of July 2, 1955, there were 70 task 
groups of the committee allocated among 
the Advisory Committee and the six 
technical subcommittees. 

The printed Guide for the Administra- 
tion and Operation of Committee D-19 
on Industrial Water was distributed to 
the members in April, 1956. The edition 
includes Part I, “Regulations Governing 
the Committee;” Part II, ‘‘Administra- 
tion and Operation;” and Part III, 
“Recommended Form of Committee 
D-19 Methods and Specifications.” 


2 Issued as a separate publication ASTM STP 
No. 192. 
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Two of the committee members were 
honored in 1955. They are Robert C. 
Adams, vice chairman of the committee, 
the recipient of the ASTM Award of 
Merit, and Everett P. Partridge, the 
recipient of the 1955 Max Hecht Award. 

John E. Kinney, Consulting Sanitary 
Engineer, and Claude K. Rice, of the 
Gulf Oil Corp., were appointed as the 
Society representatives to serve on the 
newly organized Joint Committee on 
Uniformity of Methods of Water Exam- 
ination.* With the organization of this 
joint committee, the Committee D-19 
Informal Task Group on Uniformity of 
Methods was discharged. 

The officers elected by virtue of the 
letter vote on this report, to serve for 
the two-year term starting June 22, 1956, 
are as follows: 

Chairman, Max Hecht. 

_ Vice Chairman, Robert C. Adams. 
Vice Chairman, Fred R. Owens. 
Secretary, Orrin M. Elliott. 
Committee members elected to serve 

on Subcommittee I Advisory for the 

three-year term starting June 22, 1956, 

are as follows: 

Robert E. Price. 

J. F. J. Thomas. 


PROPOSED METHODS TO BE PUBLISHED 
AS INFORMATION 


The committee recommends for pub- 
lication as information the Proposed 
Method of Test for Appearance Proper- 
ties of Industrial Water and Industrial 
Waste Water, as appended hereto. 


> 


i, 


NEw TENTATIVES 


The committee recommends that the 


following four methods be accepted for 


3See ASTM Bu ttetin, July, 1956, p. 44. 

* Published in Third Printing of the ‘Manual 
on Industrial Water,’”’ (1957). Issued as separate 
publication ASTM STP No. 148B. 


REPORT OF COMMITTEE D-19 


publication as tentative, as appended 
hereto: 


Methods of Test for: 


Ammonia in Industrial Water and Industrial 
Waste Water, 

Sodium and Potassium Ions in Industrial Water 
and Water-fermed Deposits by Flame 
Photometry, 

Specific Gravity of Industrial Water and In- 
dustrial Waste Water, and 

Residual Chlorine in Industrial Waste Water. 


Supporting data for the Method of 
Test for Ammonia is given in the Ap- 
pendix to this report.® 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
following two tentatives be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision: 

Tentative Specifications for Reagent Water 

(D 1193-55 T),’? and 


Tentative Methods of Test for Oily Matter in 
Industrial Waste Water (D 1340-54T).’ 


REVISION OF STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption the following revisions 
of Standard Definitions of Terms Re- 
lating to Industrial Water and Industrial 
Waste Water (D 1129-55)’ and ac- 
cordingly asks for the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society: 

Add the following new definitions: 


Precision.—The degree of agreement of re- 


peated measurements of the same property, 


expressed in terms of dispersion of test results 
about the arithmetical mean result obtained 
by repetitive testing of a homogeneous sample 
under specified conditions. The precision of a 
method is expressed quantitatively as the 


5 The new tentatives appear in the 1956 Sup- 
plement to Book of ASTM Standards, Part 7 
® See p. 355. 
71955 Book of ASTM Standards, Part 7. 
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standard deviation computed from the results 
of a series of controlled determinations. 

Specific Gravity.—The ratio of the weight in 
air of a given volume of the sample to the weight 
in air of an equal volume of reagent water, both 
being determined at the standard reference tem- 
perature of 15.6 C (60 F). It is expressed as 
follows: 

Specific Gravity, 15.6/15.6 C (60/60 F)... 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that all 
tentative methods and specifications 
under its jurisdiction be continued as 
tentative with the exception of those 
recommended for adoption as mentioned 
earlier in the report. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I, Advisory (Max Hecht, 
chairman).—The over-all activities of 
the subcommittee included coordination 
of methods production, approval of the 
Manual project (covered under Sub- 
committee II), approval of the sym- 
posium for the Second Pacific Area 
National Meeting, and the implementa- 
tion of the final phase of the committee 
reorganization which was effective July 
2, 1955. 

The recommendations set forth pre- 
viously in this report indicate the ac- 
tivity of the committee during the cur- 
rent year on methods _ production. 
Sixty-six of the task groups of the com- 
mittee are engaged in studies for the 
preparation of proposed methods and of 
proposed revisions of published methods. 
As of June, 1955, a total of 50 methods 
and specifications prepared by the com- 


8 The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 


mittee had been approved by the So- 
ciety for publication.’ 

Subcommitiee II on Definitions and 
General Specifications (S. K. Love, chair- 
man).—The integrated outline of the 
nine chapters of the revised edition of 
the Manual has been approved by Com- 
mittee D-19. It is expected that the 
authors will begin writing their assigned 
chapters in the very near future. The 
chapter titles and the designated authors 
are as follows: 


Foreword and Introduction (Richard D. Hoak, 
Mellon Institute). 

Chapter I. Uses of Industrial Water (James K. 
Rice, C. W. Rice Co.). 

Chapter II. Effects of Impurities on Water 
Uses (Roy F. Weston, Weston, Eckenfelder 
and Associates). 

Chapter III. Self-Purification of Streams (George 
D. Beal, and William W. Leathen, Mellon 
Inst.). 

Chapter IV. Composition of Industrial Water 
and Water-formed Deposits (S. K. Love, 
U. S. Geological Survey). 

Chapter V. Treatment of Industrial Water and 
Industrial Waste Water (Frank N. Alquist, 
Dow Chemical Co., and Bruce W. Dickerson, 
Hercules Powder Co.). 

Chapter VI. Sampling Industrial Water and 
Waste Water (J. E. Kinney, Consultant). 

Chapter VII. Analysis of Industrial Water and 
Waste Water (James M. Seamon, National 
Aluminate Co., and W. Allan Moore, U. S. 
Public Health Service). 

Chapter VIII. Sampling and Identification of 
Water-formed Deposits (R. K. Scott, Harbi- 
son Walker Refractories Co.). 

Chapter IX. Analysis of Water-formed Deposits 
(Frank E. Clarke, U. S. Naval Engineering 
Experiment Station). 

Appendix (Dudley K. French, Consultant). 

Glossary (Richard D. Hoak, Mellon Institute). 

Index (Richard D. Hoak, Mellon Institute). 


Definitions were approved for pre- 
cision and specific gravity, as mentioned 
earlier in the report. A definition for ac- 
curacy was retained in the task group 
for further study, and definition for 
sensitivity is under consideration. 

The Specifications for Reagent Water 
(D 1193) were recommended for adop- 
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tion as standard as mentioned earlier 
in the report. 

The Task Group on Scheme for Analy- 
sis was transferred from Subcommittee 
IV. 

Subcommittee III on Methods of Sam- 
pling of Industrial W ater (E.F .Davidson, 
chairman) is studying the Tentative 
Method of Sampling Steam (D 1066 - 
54 T) and the Tentative Specifications 
for Equipment for Sampling Industrial 
Water and Steam (D 1192-51 T) with 
regard to new methods and equipment 
which may be required for supercritical 
pressure operation and monotube 
systems. The committee has been re- 
quested to study also subatmospheric 
sampling, especially of small, low-pres- 
sure, heating plant boilers. 

Some progress has been made on 
formulating a program for studying 
radioactive materials in industrial water 
and industrial waste water. The specific 
function of Subcommittee III will be 
the study of problems in connection with 
sampling methods and techniques. 

Subcommittee IV on Methods of Analy- 
sis of Industrial Water (F. E. Clarke, 
chairman) prepared methods for hydra- 
zine, silica, acidity and basicity, iron, 
fluoride, chloride, phosphate, and sulfate, 
the first three methods being prepared 
jointly with Subcommittee VII. 

Final drafts of new methods were ap- 
proved for ammonia, referred to earlier 
in the report, and for micro silica. The 
latter will be combined with the present 
silica method (D 859). 

Preliminary drafts or other important 
preliminary work have been completed 
on methods for micro iron, high nitrite, 
copper, zinc, referee sulfide, nickel, lead, 
fluoride, low sulfate, volatile amines, 
sulfite, and hydrazine. 

Subcommittee V on Methods of Testing 
(A. O. Walker, chairman) is recommend- 
ing that the Tests for Electrical Con- 
ductivity of Industrial Water (D 1125) 


and the Method for Identification of 
Types of Microorganisms in Industrial 
Water (D 1128) be retained as tentative 
since these methods are in process of 
revision. 

The work on the final draft of the 
Proposed Method for Sodium and Po- 
tassium Ions in Industrial Water and 
Water-formed Deposits, referred to pre- 
viously in the report, was completed 
at the January meeting. 

A proposed method for the determina- 
tion of gaseous hydrogen in industrial 
water is nearing completion. 

A statistical review of the results of 
the first round-robin test on surface 
tension gave inconclusive results. A re- 
vised test program, based on more sound 
statistical foundation was reviewed and 
adopted. 

A draft of the spectroscope method 
of analysis will be submitted to the task 
group for comment at the June meeting. 

Subcommiltee VI on Corrosion and 
Performance Testing (F. N. Alquist, 
chairman).—During the past year the 
task group on ion exchange has been 
working on methods for measuring cation 
exchange capacity. Other problems under 
study are resistance to aggressive at- 
tack, anion exchange capacity, and 
operating capacity. 

A task group, after two years study 
and limited field testing, has prepared 
a revised draft of a method of testing 
corrosion and deposits in tubular heat 
exchange goods. This method will be 
experimentally checked before the next 
meeting. 

A temporary task group, formed at the 
June meeting in 1954, recommended that 
Subcommittees IIT, IV, V, VI and VII 
tooperate in order to coordinate methods 
to be used to measure radioisotopes in 
industrial water. This proposal was ap- 
proved. 

The task group on radioactive tracers 
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recommended the following course of 
action to Committee D-19: 


1. 


A task group of Subcommittee V 
should be created to prepare 
methods for: 

(a) The determination of gamma 
radiation from sodium-24 or 
potassium-42 in a sample of 
water where the concentration 
range is from 1 X 10-5 micro- 
curies per ml to 1 X 10~? micro- 
curies per ml. 

(b) The determination of beta radi- 
ation from phosphorus-32 in 
a sample of water where the 
concentration range is from 
1 X 10-* microcuries per ml 
to 1 X 10-* microcuries per ml. 


. A task group of Subcommittee IV 


should be created to prepare 


_ methods for separating sodium-24, 


potassium-42, or phosphorus-32 
from water samples by ion exchange 
or chemical precipitation to achieve 
a 100 to 1000-fold concentration 


of these substances over their 


1 X 10-* to 1 X 10° microcuries 
per ml concentration in the sample. 


. The task group on radioactive 


tracers should attempt to prepare 
a method on the use of phosphorus- 
32 in steam purity determinations 
and a method for the use of sodium- 
24 or potassium-42 in testing the 
hydraulic characteristics of gravity 
separators. 


. A chairman for the task group on 


radioactive tracers should be se- 
lected from among those whose 
work involves the use of radiation 
measuring instruments or the han- 
dling of radioactive materials. 


. The task group chairmen of such 


task groups concerned with radio- 
active material, as may be created 
in Subcommittees III, IV, VI, and 
VII, should be members of the 
task group on radiation measure- 
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ment technique to be created in 
Subcommittee V. 

Subcommittee VII on Industrial Waste 
Water (L. D. Betz, chairman).—There 
are seventeen active task groups work- 
ing in this subcommittee, several of 
which are joint task groups with Sub- 
committee IV. 

The subcommittee recommended that 
the Method of Test for Oily Matter in 
Industrial Waste Water (D 1340) be 
adopted as standard. Three other 
methods, for Chlorine Requirements 
(D 1291), for Odor (D 1292), and for 
Toxicity to Aquatic Life (D 1345), were 
recommended to be continued as tenta- 
tive as reported earlier in this report. 
The Subcommittee prepared the pro- 
posed Tentative Methods of Test for 
Specific Gravity of Industrial Water 
and Industrial Waste Water referred to 
earlier in the report. 

The task group on acidity, basicity 
and pH have reviewed the revised 
method (D 1067) and have suggested 
several minor changes all of which are 
editorial in nature. 

The task group on oxygen demand, 
after considerable discussion, is now 
ready to proceed with the preliminary 
work on the B.O.D. test. 

The task group on taste and odor is 
checking into the work done by Kinney 
and Hoak on threshold odors in relation 
to phenol and the development of phenol 
odors from natural sources. 

The Task Group on Chlorine Residual 
has prepared the method for this de- 
termination referred to earlier in the 
report. 

The task group on oily matter has 
agreed that infrared and _ irridescence 
cannot be used as a means for determin- 
ing oily matter. It has, however, sug- 
gested that Subcommittee V consider 
irridescence as a means for measuring 
appearance properties. 

The task group on phenolic compounds 
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has circulated a preliminary draft of a 
procedure for determining phenol using 
4-aminoantipyrine for comments and 
suggestions. 

The task group on sampling is study- 
ing methods of sampling industrial waste 
containing floating materials, and the 
task group on gaging is working on 
methods of flow measurement and 
specifications for equipment for flow 
measurement. 

The task group on reporting has agreed 
that since practically all state, inter- 
state, and federal water pollution con- 
trol agencies require reports in parts per 
million or parts per billion, industry 
should adopt the same system of report- 
ing, except for certain in-plant opera- 
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Other task groups on sulfur com- 
pounds, cyanides, organic nitrogen, 
chromium, and detergents are diligently 
working on the development of methods 
for the determination of these substances 
in industrial waste water. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 130 members; 100 members 
returned their ballots, of whom 85 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
Max HEcar, 
Chairman. 
OrrRIN M. ELLIOTT 


Secretary. 


EpiToriaL Note 


Subsequent to the Annual Meeting, Committee D-19 presented to the Society 
through the Administrative Committee on Standards a recommendation for the revi- 
sion of the Tentative Methods of Test for Sodium and Potassium Ions in Industrial 
Water and Water-formed Deposits by Flame Photometry (D 1428-56T). This 
recommendation was accepted by the Standards Committee on September 5, 1956, and 


the revised methods appear in the 1956 Supplement to Book of ASTM Standards 


Part 7. 
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APPENDIX 


i 


TA RELATING TO THE DETERMINAT ION OF _ 


AMMONIA IN INDUSTRIAL WATER AND INDUSTRIAL 


WASTE 


In Table I, the recoveries of ammonia 
obtained at the various pH levels are 
given. An examination of the data pre- 
sented in this table shows several 
pertinent facts related to the recovery 
of ammonia. It will be noted that at low 
ammonia concentrations (0.1 mg.) the 
percentage recovery increases with in- 
creasing pH. At pH 7.4 only 75 per cent 


WATER! 


collected and an aliquot nesslerized, a 
recovery of 99 per cent of the ammonia 
was obtained. Therefore, it is preferable 
to collect an adequate volume of distil- 
late and nesslerize an aliquot instead of 
individual] 50-ml portions. Another fact 
that the data show is that the rate of 
ammonia distillation is slower at a pH 
of 7.4 than at higher pH values. 


TABLE I.—AMMONIA RECOVERY IN MILLIGRAMS. 


50-ml 0.1 mg NHs as Nz 1.0 mg NHs as Nz 10 mg NHz as N2 
Distilled at pH at pH at pH 
Portion 
Ne. 74 | 90 | 1.0] 4 | 7.4 | 9.0 | 1.0 | 4 | 74 | 9.0 | 11.0 | 14 
| 
1....|0.036 \0.056 0.056 |0.060 |0.58 |0.76 |0.74 |0.66 [5.01 |6.97 |7.30 (7.00 
2....|/0.023 |0.0165|0.017 |0.040 (0.26 (0.22 (0.245 (0.27 (2.33 1.93 1.71 {1.93 
3..../0.010 '0.0065|0 .007 0.007 |0.12 |0.052 |0.048 |0.076 |1.20 10.55 0.43 (0.70 
4....|0.006 |0 0.004 |0 0.058 |0.016 |0.024 |0.021 (0.54 (0.135 |0.106 |0.145 
5....10 0 0 0 0.025 |0.0045/0.005 |0.008 |0.28 0.030 0.025 |0.034 
0 0 0 0.005 |0 0 0.1125,0.008 |0 0.085 
0 0.004 |0 10 0 0.054 0 0 
Total (0.075 |0.079 \0.084 0.107 1.052 |1.053 |1.062 1.035 |9.55 '9.62 9.57 \9.81 


of the ammonia added is accounted for, 
and after the first 200 ml of distillate 
no more ammonia is detectable. This is 
no doubt due to a tailing off of ammonia 
in subsequent 50-ml portions in concen- 
trations too low to detect. In a subse- 
quent distillation at a 0.1 mg concen- 
tration where 300 ml of distillate was 


1 These data were obtained at the Robert A. 
Taft Sanitary Engineering Center, U. S. 
Public Health Service, Cincinnati, Ohio. 


The main reason for the acceptance of 
a pH of 7.4 has been to minimize the 
hydrolysis of organic nitrogen com- 
pounds. Such hydrolysis would result in 
an increase in the amount of ammonia 
found in a given sample. The effect of 
pH on the amount of ammonia re- 
coverable from typical organic nitrogen 
compounds that might occur simul- 
taneously with ammonia in a given 
sample was studied. The results obtained 
are shown in Table IT. 
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Glycine, the simplest of the amino 
acids, gave a recoverable ammonia nitro- 
gen of 0.018 mg out of a total of 10 mg 
at all pH values. However, the glycine 
used was not ammonia-free and by di- 
rect nesslerization 0.5 mg of ammonia 
nitrogen was obtained. It can be con- 
cluded, therefore, that in the case of 
glycine no hydrolysis took place re- 
gardless of the pH used. Glutamic acid 
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ammonia was obtained and this in- 
creased to only 17 per cent at pH 14.0, 

The use of organic nitrogen rust in- 
hibitors for boiler waters has become 
common practice. Two such inhibitors, 
octadecylamine acetate and cyclohexyl- 
amine, were subjected to distillation at 
the various pH values. No hydrolysis of 
the amino nitrogen was found at any of 
the pH values used. The initial 0.25 per 


TABLE II.—HYDROLYSIS OF ORGANIC NITROGEN COMPOUNDS. 


50-ml Glycine Glutamic Acid Acetamide Urea 
; Distilled 10 mg as Nz at pH 10 mg as Nz at pH 10 mg as Nz at pH 20 mg as Ns at pH 
Portion 
No. 7.4 9.0 11.0 14 | 7.4|9.0/11.0) 14 |7.4] 9.0 11.0 14 7.4 9.0) 11.0 14 
0 | 0 | 0 | | O |0.065/0.14/0.85 |0.205 
0 | 0 | 0 | 0} O |0.0135)0.030/2.76 |0.14 |0.17/0.135)0.32 
3... ./0.004/0 0 0 0; 01 O |0.15 |0.20/0.165)0.34 
0 0 0 0; 0] O {0.016 |0.034/0.205/0.24 |0.21/0.200/0.38 
0 0 0 0} O |0.20/0.220/0.40 
0 0 0 0; 01] O |0.21/0.24010.46 
0 0 0 O 0.21 |0.22}0.210/0.50 
0 0 0 0 \0.020 |0.050/0 0.26 |0.22/0.220/0.80 
Total 0 | 0 | 0 | | O (0.126 .405 


also showed no hydrolysis of the amino- 
nitrogen. The data for acetamide shows 
no hydrolysis at pH 7.4 and increasing 
hydrolysis with subsequent increase in 
pH. It will be noted that at pH 14.0, 
97 per cent of the acetamide was re- 
coverable as ammonia nitrogen. Urea, 
which has been considered easily hy- 
drolyzable, did not give the recoverable 
ammonia concentrations expected. At 
pH 7.4 only 7.7 per cent of recoverable 


cent of ammonia nitrogen found for 
octadecylamine acetate at pH 9.0, 
11.0, and 14.0 is probably due to im- 
purities in the compound. The most 
objectionable feature of these com- 
pounds is that they are distillable and 
produce a turbidity in the nesslerized 
sample. Even at the concentrations in 
which they are used in practice, a tur- 
bidity was obtained at the first 50-ml 
portions distilled. 
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Committee D-20 on Plastics, and its 
subcommittees, held three meetings 
during the year: at Atlantic City, N. J., 
on June 29 to July 1, 1955; at Cincinnati, 
Ohio, on November 14 to 16, 1955; and 
at Philadelphia, Pa., on February 15 to 
17, 1956. The Advisory Committee also 
met at these times. 

The committee participates in the 
work of Technical Committee 61 of the 
International Organization for Stand- 
ardization (ISO), through its American 
Group for ISO/TC 61. Representatives 
from the United States attended the 
fifth meeting of ISO/TC 61 at Paris, 
France, July 8 to 13, 1955 and will attend 
the next meeting to be held at The 
Hague, The Netherlands, September 
17 to 22, 1956. Notable progress was 
made by this committee in standardiza- 
tion for international trade. A report on 
the Paris meeting appeared in the 
October, 1955, ASTM 
page 21. 

Five Draft ISO Recommendations, 
dealing with the determinations of water 
absorption, temperature of deflection 
under load, acetone soluble matter in 
phenolic moldings, and apparent densi- 
ties of molding powders, pourable and 
non-pourable, have been distributed for 
international balloting. Committee D-20 
has ratified these five Draft ISO Recom- 
mendations and has transmitted the 
results of its letter ballot to the American 
Group for ISO/TC 61. C. H. Adams, of 
Monsanto Chemical Co., has been ap- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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pointed chairman of the American 
Group, succeeding Robert Burns who has 
resigned. 

The committee has reactivated Sub- 
committee IV on Optical Properties, 
with G. W. Ingle, chairman, because of 
renewed interest in optical measurements 
on plastics, especially films. The com- 
mittee transferred the assignment of 
preparing test methods and specifications 
for reinforced plastic pipe from Subcom- 
mittee XVII on Plastic Pipe and Fittings 
to Subcommittee XVIII on Reinforced 
Plastics in the interest of homogeneity of 
assignments and personnel. 

The committee adopted the following 
resolution: 

Whereas in Standards on plastics, the state- 
ment of test temperatures is preferably in de- 
grees Centigrade, be it resolved that Committee 
D-20 regards with favor the rounding of the 
Centigrade-scale tolerance for the temperature 
of the Standard Laboratory Atmosphere to 1 
C, and the changing of the parenthetical Fahren- 
heit equivalent to (1.8 F); and that this resolu- 


tion be communicated to Committee E-1 on 
Methods of Testing. 


The officers elected for the ensuing 
two-year term are as follows: 

Chairman, Frank W. Reinhart. 

First Vice-Chairman, A. C. Webber. 

Second Vice-Chairman, A. G. H. 
Dietz. 

General Secretary, J. B. DeCoste. 

Membership Secretary, R. H. Carey. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is presenting for pub- 
lication 6 new tentatives and is recom- 
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mending the revision of 6 tentatives, the intense activity on flammability tests 
tentative revision of 1 standard, the during the year has resulted in significant 
revision and reversion to tentative of 3 revisions of the Standard Methods of 
standards, the adoption as standards of Test for Flammability of Rigid Plastics 
6 tentatives, the revision of 1 standard over 0.050 in. in Thickness (D 635 — 44) 
for immediate adoption, and the with- and for Flammability of Plastics 0.050 
drawal of 2 tentatives. The standards in. and Under in Thickness (D 568 — 43) 
affected, together with the revisions and in completion of a Tentative Method 
recommended, are given in detail in the for Flammability of Flexible Thin 
Appendix. Plastic Sheets. The revisions of these 
The committee has considered all the methods are included in this report. 
other tentatives under its jurisdiction, Methods for determining flammability 
not mentioned in the Appendix, and of foams and ignition temperature of 
which have been published for two years plastics are under study. Important 
or longer, and recommends that they be liaison work on flammability is under 
continued in their present status until way with a NEMA switch gear com- 
further revisions in them are made as_ mittee and with ASTM Committee E-5 
contemplated. on Fire Tests of Materials and Con- 
structions. Limited interest in a stress- 
The recommendations in this report relaxation method led to dropping it. 
have been submitted to letter ballot of Work is in progress to broaden the 
the committee, the results of which will applicability of the Zero-Strength-Time 
be reported at the Annual Meeting.! = Test developed for polychlorotrifluoro- 
ethylene plastics. A task group has been 
ACTIVITIES OF SUBCOMMITTEES | formed to develop a method for flow 
Subcommittee I on Mechanical Prop- of thermoplastic materials at high shear 
erties (R. M. Berg, chairman).—In rates. Work on a parallel-plate plastom- 
progress are revisions, concerning speeds eter method has been discontinued. A 
of testing for certain plastics, in the low-temperature brittleness method for 
Tentative Methods of Test for Tensile film has been drafted for consideration 
Properties of Plastics (D 638-52T)and by the Subcommittee. A softening point 
for Flexural Properties of Plastics test based on the Vicat technique will 
(D 790 - 49 T). Development of a tensile be studied. 
impact test has been undertaken. Work Subcommittee IV on Optical Properties 
is progressing on a number of test meth- (G. W. Ingle, chairman) is undertaking 
ods applicable to films, including methods work on clarity of films and will co- 
for modulus and for tear strength of thin operate with Subcommittee V_ on 
films and methods for impact strength Permanence Properties in work on 
and for quantitative measurement of plastic color standards for calibration of 
blocking and slip. The Rockwell-J laboratory aging test apparatus. 
hardness scale and the Durometer A, the Subcommittee V on Permanence Proper- 
Durometer D, and the Barcol hardness fies (B. G. Achhammer, chairman) is 
instruments are being standardized for developing a method employing fading 
nonrigid plastics. of dyed plastic specimens for calibration 
Subcommittee III on Thermal Proper- of long-time exposures in carbon-arc 
ties (C. H. Adams, chairman).—The laboratory aging equipment. Considera- 
1 The letter ballot vote on these reeommenda- es being tage development of a 
tions was favorable; the results of the vote are test method for laboratory aging of 
Plastics by carbon-arc machines. The 
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question of incorporating a long-time 
water absorption test in the Tentative 
Method of Test for Water Absorption 
of Plastics (D570-54T) is being 
evaluated. Revision of the Standard 
Method of Test for Colorfastness of 
Plastics to Light (D 620-49), and of 
the Standard Recommended Practice for 
Accelerated Weathering of Plastics Using 
the S-1 Bulb and Fog Chamber (D 795 - 
49), in respect to specifying a shorter 
use time for the S-1 sun lamp has been 
initiated. Standardization of a laboratory 
aging method employing fluorescent 
sun lamps is being undertaken. The 
effect of angle of exposure of specimens 
in outdoor weathering tests is being 
studied. A new section on effects of 
nuclear radiation on plastics is being 
formed. 

Subcommittee VII on Analytical 
Methods (H. E. Riley, chairman) is 
continuing its efforts to prepare adequate 
analytical methods for density of poly- 
ethylene; for free formaldehyde, am- 
monia and phenol in phenolic moldings; 
and for particle size in vinyl resins. 
Consideration is being given to revision 
of Standard Method of Test for Specific 
Viscosity of Vinyl Chloride Polymers 
(D 1243 — 54 T) in order to permit use of 
an alternate solvent and to permit ex- 
pression of viscosity as inherent viscosity. 
Another active project is on the develop- 
ment of methods for determining the 
degree of dispersion and the content of 
carbon black in polyethylene. 

Subcommittee VII on Research (A. G. 
H. Dietz, chairman) has continued to 
arrange for presentation of papers on 
subjects of current interest to the com- 
mittee. There are no plans for publica- 
tion of these papers as a group. Indi- 
vidual papers may be submitted for 
publication by ASTM or elsewhere. 

At the fall meeting four papers were 
presented: 


“A Study of Modulus versus Density Rela- 


tionship for Polyethylene Resins,” by R. Supnik 
and C. H. Adams of Monsanto Chemical Co.; 

“Evaluation of Impact Properties of High 
Polymers by Tension Impact Tests,” by C. G. 
Bragaw, Jr. of du Pont Polychemicals Depart- 
ment; 

“The Effect of Notch Radius Variations on 
Izod Impact Testing,” by G. B. Jackson and 
C. H. Adams of Monsanto Chemical Co.; and 

“The Determination of Resin Content in 
Calcium Carbonate-Filled Glass Fiber Polyester 
Laminates,” by S. D. Toner and Frank W. 
Reinhart of the National Bureau of Standards. 


At the spring, 1956, meeting the 
following three papers were presented: 


“Effects of Molding Pressure on the Strength 
Properties of Some Glass Fiber Reinforced 
Plastics,” by S. D. Toner, Irvin Wolock and 
F. W. Reinhart of the National Bureau of 
Standards, 

“A Film Toughness Tester,” by R. D. 
Spangler of du Pont Polychemicals Department, 
and 

“Comparison of Some Methods for Deter- 
mining Young’s Modulus in Flexure,” by H. S. 
Loveless of American Cyanamid Co. 


Subcommitiee IX on Molds and Mold- 
ing Processes (J. L. Williams, chairman) 
is revising the Tentative Recommended 
Practice for Injection Molding of Speci- 
mens of ‘Thermoplastic Materials 
(D 1130-50T). A mold is being de- 
veloped for compression molding of 
sheet for test specimen preparation and 
a molding procedure for preparation of 
polyesters for testing is being prepared. 

Subcommitiee X on Definitions, Nomen- 
clature, and Significance of Tests (P. E. 
Willard, chairman) is continuing to add 
to and to revise the Tentative Definitions 
of Terms Pertaining to Plastics (D 883 - 
55 T) and Tentative Nomenclature of 
Descriptive Terms Pertaining to Plastics 
(D 675 -55 T) so as to keep definitions 
and nomenclature current. Definitions 
are being developed for polyetheylene, 
polymethylene, and polypropylene, as 
well as a number of other terms. 

Subcommittee XIV on Conditioning (G. 
H. Mains, chairman).—A tentative 
revision of the Standard Methods of 
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Conditioning Plastics and Electrical 
Insulating Materials for Testing (D 
618 — 54) has been completed to provide 
three additional test temperatures, and 
to explain differences in nomenclature 
and reconcile differences in temperature 
tolerances between this method and the 
methods in MIL-P specifications and 
in other ASTM methods. The work of 
this subcommittee is a joint activity 
with Committee D-9 on Electrical In- 
sulating Materials. 

Subcommittee XV on Thermoplastic 
Materials (A. C. Webber, chairman).— 
Three new specifications are being de- 
veloped: one for rigid vinyl chloride 
plastics, to include a normal and a high 
impact grade; one for styrene-rubber 
plastics; and one for polytetrafluoro- 
ethylene plastics. The subcommittee is 
revising the Tentative Specifications for 
Nylon Injection-Molding and Extrusion 
Compositions (D 789-53 T) to include 
the available commercial compositions. 
Considerable work is under way to pre- 
pare specifications and characterizing 
test methods applicable to the rapidly 
growing numbers of types of ethylene 
plastics. Work is in progress to determine 
the feasibility of developing tests for 
specifying a grade of plasticizer suitable 
for vinyl chloride plastic compounds for 
use in electrical applications. A new 
Section M is being formed as a con- 
solidation of the work on specifications 
for all cellulose ester plastics and to 
prepare specifications on _ cellulose 
propionate plastics. 

Subcommittee XVI on Thermoseiting 
Materials (G. D. Johnston, chairman) is 
preparing specifications for a new glass- 
mat filled type of polyester resin and for 
new allyl plastic. Proposed revisions in 
Tentative Specifications for Phenolic 
Molding Compounds (D 700 —- 55 T) are 
being considered, and work is in progress 
on specifications for potting compounds. 
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Subcommittee X VII on Plastic Pipe 
and Fittings (J. W. Sinner, chairman).— 
A subcommittee ballot on dimensions 
and tolerances for vinyl plastic pipe is in 
progress, and a proposed schedule for 
butyrate pipe has been voted on. A 
proposed polyethylene pipe standard is 
under study and a task group is studying 
the applicability of the Canadian pipe- 
cracking test specification. Schedules of 
Iron Pipe Size (IPA), and Solvent Welded 
Pipe, (SWP), dimensional standards are 
being prepared for styrene-rubber pipe. 
Development of specifications for the 
several classes of thermoplastic-pipe 
fittings is in progress. A task group on 
burst testing has been organized and the 
sections on burst and creep methods have 
been amalgamated into Section G on Hy- 
drostatic Pressure Testing. Section E on 
Reinforced Plastic Pipe and its work has 
been transferred to Subcommittee XVIII 
on Reinforced Plastics in the interests of 
homogeneity of projects and personnel. 
The work of this subcommittee is a joint 
effort with the Society of the Plastics 
Industry. 

Subcommitiee XVIII on Reinforced 
Plastics (R. B. Crepps, chairman) has 
prepared a number of test methods and 
specifications for subcommittee ballot. 
These include specifications for glass 
fabric reinforced epoxy resin laminates; 
dimensional standards for reinforced 
plastic pipe; methods for effects of soil 
water on pipe and evaluation of fittings; 
methods for determining light trans- 
mission of corrugated panels; acid num- 
ber of polyester resins and epoxy content 
of epoxy resins; and a loading test for 
reinforced plastic panels. Other projects 
in progress concern methods for viscosity 
of polyester and epoxy resins, curing 
characteristics of polyester resins, and 
specification requirements for glass 
fabrics, rovings and chopped strand used 
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Subcommittee XIX on Plastic Film 
and Sheeting (Bill Williams, chairman) 
has drafted a specification for nonrigid 
vinyl chloride plastic film for subcom- 
mittee ballot. Task groups are preparing 
specifications for extruded acrylic sheet 
and for rigid vinyl chloride film. The 
subcommittee is developing specifica- 
tions, for general purpose, electrical, and 
outdoor barrier types of polyethylene 
film and for styrene and styrene-acryloni- 
trile plastic sheet. Round-robin tests to 
determine ranges of property values 
needed for a styrene-rubber plastic sheet- 
ing specification have been initiated. 
The subcommittee is revising the Stand- 
ard Specifications for Cellulose Acetate 
Plastic Sheet (D 786 - 49) with respect 
to specifying optical and surface char- 


a 
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acteristics with cooperation from 
Subcommittee IV on Optical Properties. 

Subcommittee XX on Cellular Plastics 
(C. H. Alexander, chairman) is being or- 
ganized, in stand-by status, pending 
specific assignments. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 213 members; 131 members 
returned their ballots, of whom 120 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. K. Wirt, 
Chairman. 
G. M. ARMSTRONG, 
Secretary. 
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Subsequent to the Annual Meeting, Committee D-20 presented to the Society —_— 
through the Administrative Committee on Standards the following recommendations: __ 


Tentative Specifications for: al 
Tetrafluoroethylene Resin Molding and Extrusion Materials (D 1457 — 56 T). as 
Revision of Tentative Method of Test for: 
Tensile Properties of Plastics (D 638 —- 52 T), and » 
Tensile Properties of Thin Plastic Sheets and Films (D 882 — 54 T). * 
(ay 


These recommendations were accepted by the Standards Committee on December © 
17, 1956, and the new specifications and revised methods appear in the February, 1956 sf 


Compilation of ASTM Standards on Plastics. 
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RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS 


In this Appendix are listed six new 
tentatives and proposed revisions in 
certain standards and tentatives which 
are referred to earlier in this report. 
These standards and tentatives appear in 
their present form in the 1955 Book of 
ASTM Standards, Part 6. 


New TENTATIVES 


- Committee D-20 recommends that the 
following six new tentatives be accepted 
for publication as tentative as appended 
hereto:' 


Tentative Specifications for Nonrigid 
Polyvinyl Chloride and Copolymer 
Molding and Extrusion Compounds: 


These specifications are the result of 
revisions, in accordance with present 
commercial compounds, and combination 
into a single specification of the two 
tentative specifications for Nonrigid 
Vinyl Chloride-Acetate Resin Plastics 
(D 742 - 46 T) and Nonrigid Polyvinyl 
Chloride Plastics (D 744 - 49 T). 


Tentative Specifications for Polychloro- 
7 trifluoroethylene Molding and Ex- 
trusion Materials: 


_ These specifications cover four com- 
mercial grades of polychlorotrifluoro- 
ethylene plastics, and includes three new 
methods of tests developed specifically 
for identification of these grades. It is the 
intent of the committee that these 
methods be revised for more general 
applicability and that they be eventually 
separated from this specification. 

1The new and revised tentatives appear in 
the 1956 Supplement to Book of ASTM Stand- 
ards, Part 6. 


Tentative Specifications for Styrene 
Acrylonitrile Copolymer Molding and 
Extrusion Materials: 


These specifications characterize a 
general purpose type of commercial 
material. Specifications of other types 
will be added as needed. _— 


Tentative Method of Test for Flamma- 


bility of Flexible Thin Plastic Sheet- 
ing: 


This method fills a need for a flamma- 
bility test suitable for comparing relative 
burning rates of thin plastic sheeting for 
control testing or for relative flamma- 
bility rating. It is not in its present form 
suitable for specifications testing. 


Tentative Method of Test for Gas 
Transmission Rate of Plastic Sheet- 
ing: 


This method provides an apparatus 
and an operating technique for de- 
termining the rates of transmission of 
gases through plastic sheeting, a property 
of great importance in the packaging 
industry, especially the packaging of 
foodstuffs. 


Tentative Recommended Practice for 
Outdoor Weathering of Plastics: 


This practice provides a needed pro- 
cedure for exposure of plastics to weather 
with details relating to methods of ex- 
posure, general procedures recom- 
mended, and kinds of climatological! 
information to be recorded. 


i 
| 
7 
‘et 
a 
4 + 
4 | 
f 
I. 
| 
a 
i] 
; 


€ 


RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS 


REVISION OF TENTATIVES 


The committee recommends that the 
following six tentatives be revised as 
indicated and continued as tentative: 


Tentative Specifications for Polystyrene 
Molding Compounds (D 703 - 49 T): 


This revision, appended hereto as 
complete revised specifications,’ elimi- 
nates the requirements of solution 
viscosity and methanol soluble content, 
which are no longer needed; brings 
certain properties requirements into line 
with experience on present types; and 
provides for including a fourth type of 
molding or extrusion material. 


Tentative Specifications for Melamine- 
Formaldehyde Molding Compounds 
(D 704 - 55 T): 


Revise to include an additional Type 
9 as follows: 


Section 2.—Reword first sentence and 
add Type 9 as follows: 


2. These specifications cover the following 
nine types of melamine-formaldehyde molding 
compounds: 

Type 9.—A general purpose material with 
alpha-cellulose and mineral filler, suitable for 
general mechanical and electrical applications. © 


TABLE I.—DETAIL REQUIREMENTS | 
FOR COMPRESSION MOLDED ' 
TEST SPECIMENS. 


(Revision of Table I, D 704 — 55 T) 


Specific Gravity 23/23 C oe 
(73.4/73.4 F) 

Flexural Strength, min, psi........ 

Flexural Deflection, min, in 

Impact Strengh (Izod), min, ft lb per 

in. of notch 

Water Absorption (24 hr, immer- 
sion), max weight gain, per cent. 

Mold Shrinkage, max, in. per in.... 

Dielectric Strength 

{Short-time test... 


min, v per mil \Step-by-step test. 


Loss Factor, 
max 


60 cycles per sec... . 
1,000 cycles per sec. 
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Table I.—Add values for Type 9 as 
shown in the accompanying Table I. 


Tentative Specifications for Metha- 
crylate Molding and Extrusion Com- 
pounds (D 788 - 48 T): 


Revise as appended hereto.'! Changes 
comprise revisions in Sections 2, 3, 4, 
and 6 and in Table I. 


Tentative Method of Test for Resistance 
of Plastics to Chemical Reagents 
(D 543 — 52 T): 


Section 4.—Add a new Paragraph (o) 
to read as follows: 


(0) Distilled Water.—Freshly prepared. 


Tentative Nomenclature of Descriptive 
Terms Pertaining to Plastics (D 675 — 
55 T): 


Revise descriptions for the following 
terms: 


Mold Seam.—Line on a molded or laminated 
piece, differing in color or appearance from 
the general surface, caused by the parting 
line of the mold. 

Gloss.—Delete the term and the definition. 


Tentative Definitions of Terms Relating 
to Plastics (D 883 — 55 T): 
_ Add the following new definitions: 


a Cold Molding.—The shaping of compounds in 
a mold under pressure followed by transfer 
of the part to a heating medium for curing. 

_ Degradation, n.—A deleterious change in the 
chemical structure of a plastic. (See also 
Deterioration.) 

_ Extrusion, n.—A method whereby heated or 
unheated plastic forced through a shaping 
orifice becomes one continuously formed 

iece 


piece. 
Gel, n.—(1) A semisolid system consisting of 


a network of solid aggregates in which 
liquid is held. 
(2) The initial jelly-like solid phase that 
develops during the formation of a resin 
from a liquid. 


Note.—Both types of gel have very low 
strengths and do not flow like a liquid. 
They are soft, flexible and will rupture 
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under their own weight unless supported 
externally. 


_ Gel Point.—The stage at which a liquid sys- 
tem becomes a gel. (See second defini- 
tion of Gel.) 


Note.—This may be caused by such factors 
as continuing polymerization, change in 
temperature, or loss of solvent. 


_ Polyvinyl Acetate-—A resin prepared by the 
polymerization of vinyl acetate alone. 
Polyvinyl Alcohol—Polymers prepared by 
the hydrolysis of polyvinyl esters. 
Polyvinyl Chloride—A resin prepared by 
the polymerization of vinyl chloride alone. 
_ Stress-crack, n.—External or internal cracks 
in a plastic caused by tensile stresses less 
than that of its short-time mechanical 


strength. 


Note.—The development of such cracks 
is frequently accelerated by the environ- 
ment to which the plastic is exposed. The 
stresses which cause cracking may be 
present internally or externally or may be 
combinations of these stresses. The appear- 
ance of a network of fine cracks is called 
crazing. 


Syneresis.—The contraction of a gel. 


_ Note.—This is usually evidenced by the 
separation of a liquid. (See first definition 
of Gel.) 


Vinyl Acetate Plastics.—Plastics based on 
resins made by the polymerization of vinyl 
acetate or copolymerization of vinyl ace- 
tate with minor amounts (not over 50 per 
cent) of other unsaturated compounds. 

Vinyl Alcohol Plastics—Plastics based on 
resins made by the hydrolysis of polyvinyl 
esters or copolymers of vinyl esters. 

Vinyl Chloride Plastics —Plastics based on 
resins made by the polymerization of vinyl 
chloride or copolymerization of vinyl 
chloride with minor amounts (not over 50 
per cent) of other unsaturated compounds. 

_ TENTATIVE REVISION OF STANDARD 

- Committee D-20, jointly with Com- 

mittee D-9 on Electrical Insulating 

Materials, recommends a_ tentative 

revision of the Standard Methods of 

Conditioning Plastics and Electrical 

Insulating Materials for Testing (D 618 - 

54), as set forth in the D-9 Report. This 

tentative revision consists of the addition 
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of three new standard test temperatures, 
and revisions to reconcile differences in 
temperature tolerances and in nomen- 
clature between this and other condition- 
ing standards. 


REVISION OF STANDARD AND 
REVERSION TO TENTATIVE 


The committee recommends that the 
following three standards be revised as 
indicated and reverted to tentative 
status: 


Standard Specifications for Cast 
Methacrylate Plastic Sheets, Rods, 
Tubes, and Shapes (D 702 — 46): Revise 
as appended hereto.' Revisions comprise 
extensive changes in Sections 2, 3, 4, 
and 6. Revisions in Section 4 include 
changes in Table II and in Fig. 2. 

Standard Method of Test for Flamma- 
bility of Plastics 0.050 in. and Under in 
Thickness (D 568 - 43): Revise for 
improved reproducibility as appended 
hereto.' 

Standard Method of Test for Flamma- 
bility of Plastics 0.050 in. and Over in 
Thickness (D 635 — 44): Revise for 
improved reproducibility as appended 
hereto." 


ADOPTION OF TENTATIVES AS STANDARD 
WitHout REVISION 


The committee recommends that the 
following six tentatives be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard without 
revision: 

Tentative Specifications for: 
Enclosures and Servicing Units for Tests 

Above and Below Room Temperature 


(D 1197-54T), (Jointly with Committee 
D-9 on Electrical Insulating Materials.) 


Tentative Methods of Test for: 

Impact Resistance of Plastics and Electrical 
Insulating Materials (D 256 - 54 T), 

Resistance of Transparent Plastics to Surface 
Abrasion (D 1044 - 54T), 


Warpage of Sheet Plastics (D 1181 - 51 T), 
Resistance to Abrasion of Plastics Materials 


(D 1242 - and 
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Tentative Recommended Practice for: 


Long-Time Creep or Stress-Relaxation of 
Plastics under Tension or Compression Loads 
_at Different Temperatures (D 674 - 51 T). 


REVISION OF STANDARD 


IMMEDIATE ADOPTION. 


The committee recommends for im- 
mediate adoption the following revision 
of the Standard Methods of Test for 
Resistance of Plastics to Accelerated 
Service Conditions (D 756 — 50) in con- 
formity with the policy of referring test 
temperatures to the Centrigrade scale, 
and accordingly requests the necessary 
nine-tenths affirmative vote at the 
Annual Meeting in order that_ this 
revision may be referred to letter ballot 
of the Society. 

Section 3—In Paragraph change 
“plus or minus 2 F” to read “plus or 
minus 1 C (1.8 F).” In Paragraph (g), 
change “plus or minus 5 F” to read 
“plus or minus 3 C (5.4 F).” 

Section 8—In Paragraph (a), lines 3 
and 5, change “24 hr at 140 F” to read 
“24 hr at 60 C (140 F).” In Paragraph 
(c), line 3, and Paragraph (f), last line, 
change “at 140 + 2 F” to read “at 
60 + 1C (140 + 1.8 F).” 

Section 9—In Paragraph (a), line 3, 
change “72 hr at 140 F”’ to read “72 hr 
at 60 C (140 F).” In Paragraph (c), 
line 2, change “140 + 2 F” to read 
“60 + 1 C (140 + 1.8 F).” 

Section 10.—In Paragraph (a), lines 
3 and 5, change “160 F” to read “70 C 
(158 F).” In Paragraph (c), line 3, and 
Paragraph (f), line 4, change “160 + 
2 F” to read “70 + 1 C (158 + 18 
F).” 

Section 11.—In Paragraph (a), lines 3 
and 4, change “175 F” to read “80 C 
(176 F).” In Paragraph (c), line 3, and 
Paragraph (f), line 4, change “175 + 
2 F” to read “80 + 1 C (176 + 1.8 


F).” 
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Section 12.—In Paragraph (a), lines 3 
and 6, change “175 F” to read “80 C 
(176 F);” in lines 5 and 7, change ‘24 hr 
at —40 F or —70 F as specified”’ to read 
“24 hr at —40 C (—40 F) or —57 C 
(—70.6 F) as specified.” In Paragraph 
(c), line 3, change “175 + 2 F” to read 
“80 + 1 C (176 + 1.8 F).” In Para- 
graph (e), line 4, change “—40 + 4 F” 
to read “—40 + 2 C (—40 + 3.6 F);” 
in line 5, change “—70 + 4 F” to read 
“—$7 + 2 C (—70.6 + 3.6 F).” In 
Paragraph (h), line 4, change “175 + 
2 F” to read “80 + 1C (176 + 1.8 F).” 
In Paragraph (7), line 4, change ““—40 
+ 4 F or —70 + 4 F as specified” to 
read: ‘‘—40 + 2 C (—40 + 3.6 F), or 
—57 + 2C (—70.6 + 3.6 F).” 

Section 13.—In Paragraph (a), line 3, 
change “‘100 F”’ to read “38 C (100.4 F);” 
in line 5, change “140 F” to read “60 C 
(140 F).” In Paragraph (c), line 2, 
change “100 + 2 F” to read “38 + 1 C 
(100.4 + 1.8 F).” In Paragraph (f), 
line 4, change “140 F” to read “60 C 
(140 F).” 

Section 14.—In Paragraph (a), lines 3 
and 5, change “120 F” to read “49 C 
(120.2 F).” In Paragraph (c), line 2, 
change “120 + 2 F” to read “49 +1C 
(120.2 + 1.8 F).” In Paragraph (f), line 
5, change “120 F” to read “49 C (120.2 
F).” 


WITHDRAWAL OF TENTATIVES 


The committee recommends the with- 
drawal of the following two tentatives: 


Tentative Specifications for: 

Nonrigid Vinyl Chloride-Acetate Resin Plastics 
(D 742 - 46 T), 

Nonrigid Vinyl Chloride Plastics (D 744 - 49 T). 


These specifications are superseded by 
the new Tentative Specifications for 
Nonrigid Polyvinyl Chloride Molding 
and Extrusion Compounds, referred to 


earlier in the report. =: i 


S, 
in 
n- 
hy 
a 
ist 
is, ( 
ise 
de 
is 
% 
for 
= 
for + a pe 
RD 
the 
red 
ut ae 
7 
ure 
Is 
i 
face | 
rials 
4 
= 
| 


par , 


- 


Committee D-21 on Wax Polishes and 
Related Materials held one meeting dur- 
ing the year: at Buffalo, N. Y., on Feb- 
ruary 27 and 28, 1956. 

Additions and changes during the year 
brought the total membership of the 
committee to 70, of whom 33 are classi- 
fied as producers, 14 as consumers, and 
23 as general interest members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, W. W. Walton. 

Vice-Chairman, J. V. Steinle. 

Secretary, B.S. Johnson. 


THE 


= 

RECOMMENDATIONS ACCEPTED BY 

ADMINISTRATIVE COMMITTEE ON 
STANDARDS 


_ Subsequent to the 1955 Annual Meet- 
ing, Committee D-21 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Method of Test for: 


Acid Number (Empirical) of Natural Waxes 
(D 1386 - 55 T), and 

Saponification Number (Empirical) of Natural 
Waxes (D 1387 - 55 T). 


These recommendations were ac- 
cepted by the Standards Committee on 
July 25, 1955, and the new methods 
appear in the 1955 Book of ASTM 
Standards, Part 4. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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NEw TENTATIVES 


The committee recommends that the 
following methods be accepted for pub- 
lication as tentative as appended hereto:! 


Method of Test for: 
Flash Point of Solvent-Type Liquid Waxes, 
Methods of A pplication of: 


Emulsion Floor Polishes to Substrates for 
Testing Purposes. 


REVISIONS OF TENTATIVE 


The committee recommends that the 
Tentative Method of Test for Paraffin- 
Type Hydrocarbons in Carnauba Wax 
(D 1342 -54T)* be revised as follows 
and continued as tentative: 

Section 4.—In Paragraph (a), line 
10, change “hot (75 to 80 C) heptane” 
to read “heptane at its boiling point.” 

In Paragraph (0d), the first sentence, 
change “700 ml of warm (50 to 55 C) 
heptane” to read “700 ml of boiling 
heptane.” In the second sentence, place 
a period after the word “alumina” and 
delete the phrase “and adjust the stop- 
cock so that the percolate collects in a 
beaker placed under the funnel at a rate 
not exceeding 600 ml per hr.” Add the 
following as the third sentence: “Collect 
the percolate in a beaker placed under 
the funnel with the stopcock in a position 
to permit maximum flow through the 
column.” In the present third sentence, 


1The new tentatives appear in the 1956 
Supplement to Book of ASTM Standards, Part 4. 
21955 Book of ASTM Standards, Part 4. 
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change “50 to 55 C” to read “at ap- 
proximately the boiling point of hep- 
tane.” Following this sentence insert the 
following sentence: “The temperature 
of the percolate issuing from the funnel 
stem should be at 50 to 55 C.” 

In Paragraph (c), the first sentence, 
change “additional warm (50 to 55 C) 
heptane” to read “additional heptane at 
within 5 C of its boiling point.” 

In Paragraph (e), the last sentence, 
delete “with the flow rate through the 
column reduced to 400 ml per hr.” 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following methods be continued as 
tentative without revision: 


Tentative Method of Test for: 


Total Ash and Silica in Water-Emulsion Waxes 
(D 1288 - 53 T), and 

Sediment in Water-Emulsion Waxes by Centri- 
fuge (D 1290 - 53 T). 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature (J. 
T. Hohnstine, chairman) is preparing a 
glossary of terms relating to wax polishes. 

Subcommittee II on Raw Materials 
(Melvin Fuld, chairman) prepared the 
revision of the Tentative Method of 
Test D 1342 -54 T set forth previously 
in this report. 

The subcommittee is working on 
revisions of Tentative Methods D 1386 - 
55T and D1387-55T for the acid 
number and saponification number of 

3 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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natural waxes. In addition, several task 
groups are actively working on the use 
of the Pensky-Martens flash tester as a 
method of determining adulteration of 
Carnauba wax, the determination of sul- 
fur in Carnauba wax, as well as several 
other test methods. 

Subcommitiee III on Physical and 
Chemical Testing (Gerald DeNapoli, 
chairman) has developed the Method for 
Determining the Flash Point of Solvent- 
Type Liquid Waxes which is referred to 
earlier in this report for publication as 
tentative. 

The subcommittee is currently de- 
veloping a method for the determination 
of non-volatile matter in solvent waxes 
and a task group is working on a test 
method for stability of water emulsion 
polishes. 

Subcommittee IV on Performance Tests 
(C. S. Kimball, chairman).—The section 
on slip resistance is continuing its 
development of a suitable secondary 
standard for the calibration of both the 
Sigler and James slip testers. 

The section on service life is de- 
veloping a Method of Test for Water 
Spotting of Emulsion Floor Polishes 
and also is working on a method for de- 
termining the removability properties 
of floor waxes. 

The section on appearance has de- 
veloped the Methods of Application for 
Water Emulsion Waxes to Substrates 
referred to earlier in the report for pub- 
lication as tentative. The section is 
preparing a recommended practice for 
the determination of gloss of floor waxes, 

Subcommittee V on Specifications 
(William Joy, chairman) is preparing 
specifications for industrial type water 
emulsion floor waxes. Completion of this 
work awaits the development by the 
other subcommittees of test methods for 
several of the properties involved, 
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This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee, which the committee, 


consists of 70 members; 39 members 


W. W. Wa tron, 


Chairman, 
have returned their ballots, all of whom payargpS Jounson 

voted affirmatively, Secretary. way.) 

| NoTE ‘ 

“) Subsequent to the Annual Meeting, Committee D-21 presented to the Society ? 
mn through the Administrative Committee on Standards the recommendation that the 
* proposed Method of Test for 60-deg Specular Gloss of Emulsion Floor Polish be ac- 
cepted for publication as tentative. This recommendation was accepted by the Stand- 
: ards Committee on September 5, 1956, and the new tentative method appears in the ( 
1956 Supplement to Book of ASTM Standards, Part 4, bearing the designation D 1455 - : 
{ 
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Committee D-22 on Methods of 
Atmospheric Sampling and Analysis held 
two meetings during the year: on 
September 12, 1955, in Minneapolis, 
Minn., and on February 27 and 28, 
1956, in Buffalo, N. Y. 

The membership of the committee 
consists of 62 members, of whom three 
are consulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, L. C. McCabe. 

Vice-Chairman, Morris Katz. 

Secretary, W. A. Cook. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual 
Meeting, the committee presented to the 
Society through the Administrative 
Committee on Standards the Tentative 
Method of Test for Odor Concentration 
in Air and Gases (Dilution Method) 
(D 1391-56 T). This recommendation 
was accepted by the Standards ‘Com- 
mittee on April 2, 1956. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Units (F. A. Patty, chairman) is working 
on definitions for a number of terms to 
be recommended for addition to the 
Tentative Definition of Terms Relating 
to Atmospheric Sampling and Analysis 
(D 1356-55 T). Another active project 
is the development of a list of units and 
conversion factors used in air analysis. 

Subcommittee II on Methods of Sam- 
pling (Leslie Silverman, chairman) has 
completed a draft of a method of sam- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 18-22, 1956. Wii 


REPORT OF COMMITTEE D-22 
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pling for gases and vapors which is cur- 
rently under consideration. A method of 
sampling for particulate matter has been 
drafted. Included are requirements for 
dust-fall jars and for filter media. 
Stack sampling is another active project. 

Subcommitiee III on Analytical 
Methods (J. Cholak, chairman) prepared 
the Tentative Method of Test for Odor 
Concentration in Air and Gases 
(D 1391-56 T) referred to above. Ac- 
tive projects are in progress on methods 
of analysis for oxides of nitrogen, 
methods for determining fluorides in the 
atmosphere, methods for total sulfur as 
sulfate, methods of analysis for stack 
gases and particulate matter, and 
methods for determining ozone. 

Subcommittee IV on Instrumentation 
(M. D. Thomas, chairman) has drafted 
a method of test for mass concentration 
of particulate matter in the atmosphere 
(light scattering method). 

Another method for particulate matter 
based on optical dens:ty of filtered deposit 
is being drafted. An alternate method for 
continuous analysis and automatic re- 
cording of sulfur dioxide in the atmos- 
phere referred to as the electrolysis 
method is being considered as an ad- 
dition to Tentative Method D 1355. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 62 members; 43 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. C. McCase, 
Chairman. 
H. H. SCHRENK, 
Secretary. 
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Committee D-23 on Cellulose and 
Cellulose Derivatives held one meeting 
during the year: in Minneapolis, Minn., 
on September 12, 1955. The Executive 
Subcommittee met also in New York 
City on February 22, 1956. 

The committee consists of 46 members 
of whom 14 are classified as producers, 
11 as consumers, and 21 as general 
interest members. 

The officers elected for the ensuing 
two-year term are as follows: 

Chairman, F. A. Simmonds. 

Vice-Chairman, O. A. Battista. 
F Secretary, W. W. Becker. “44 


‘ The committee recommends that the 
following two methods of test be accepted 
for publication as tentative as appended 
hereto. 

Tentative Method of Test for: 


Pentosans in Cellulose, and 
Sodium Carboxymethylcellulose. 


New TENTATIVES 


Hey 


ADOPTION OF TENTATIVES AS STANDARD 
Wirtnout REVISION 


_ The committee recommends that the 
following three tentatives be approved 
for reference to letter ballot of the 
Society for adoption as standard with- 
out revision: 


Tentative Method of: 


Testing Cellulose Acetate (D 871 - 54 T),? _ 
* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
1The new tentatives appear in the 1956 
Supplement to Book of ASTM Standards, Part 4. 
2 1955 Book of ASTM Standards, Part 4. 


ri 


CELLULOSE AND CELLULOSE DERIVATIVES* 


Fee 


Testing Methylcellulose (D 1347 - 54 T),? and 
Test for Moisture in Cellulose (D 1348 - 54 T). 


ADOPTION OF TENTATIVES AS STANDARDS 
Wir REVISION 


The committee recommends that the 
following two tentatives be approved 
for reference to letter ballot of the Society 
for adoption as standard, with the follow- 
ing editorial changes and corrections: 


Specifications and Methods of Test for Sol- 
uble Cellulose Nitrate (D 301 -54T)2 


Section 4 (d).—In the last line, change “(5)” 
to “(c).” 

Section 5.—In the second line, change ‘‘4(a)” 
“4(b).” 


Section 4 (c).—Add the following note: 


Nore.—Information on the availability of a 
suitable fusible plug assembly may be obtained 
from ASTM Headquarters. 


iViscosity of Cellulose Derivatives by Ball- 
| Drop Method (D 1343 - 54 T)? 


Section 4 (a).—Replace the first sen- 
tence with the following: 


Dry the sample and prepare a solution as 
specified for the particular material. Such in- 
structions are given in Section 11 of Specifica- 
Some and Methods of Test for Soluble Cellulose 
Nitrate (ASTM Designation: D 301)5, in Sec- 
tion 12 of the Methods of Testing Cellulose 
Acetate (ASTM Designation: D 871)5, and in 
Section 32 of Methods of Testing Cellulose 
Acetate Butyrate (ASTM Designation: D 817). 


The recommendations in this report 


have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.? 

2 The letter ballot vote on these recommenda- 


tions was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Specifications (Kyle Ward, Jr., chairman) 
has prepared definitions for 70 terms 
used in the field of cellulose and cellulose 
derivatives and they are being circu- 
lated to Committee D-23 for con- 
sideration. 

Subcommittee II on Cellulose (O. A. 
Battista, chairman) has recommended 
that the Tentative Methods of Test for 
Moisture in Cellulose (D 1348 - 54 T) 
be adopted as standard. 

This subcommittee prepared the pro- 
posed tentative method of test for 
pentosans in cellulose, which is recom- 
mended for publication as tentative as 
mentioned earlier in this report. 

Interlaboratory collaborative testing 
of proposed procedures have been or- 
ganized by Sections on Absorption and 
Color of Chemical Cellulose, on Ash 
Constituents in Cellulose, and on Extrac- 
tives in Cellulose. 

Progress is being made on improved 
tests for cold alkali solubility and dis- 
perse viscosity of cellulose. A Karl 
Fischer test for moisture in cellulose is 
under consideration. 

New sections on methods of test for 
functional groups and on chromato- 
graphic techniques for cellulose have 
been organized. 

Subcommittee III on Organic Esters 
(L. B. Genung, chairman). The sub- 
committee is studying the carbanila- 
tion method for the direct measure- 
ment of hydroxyl content in cellulose 
derivatives. 

Subcommittee IV on Inorganic Esters 
(C. B. Gilbert, chairman) has recom- 
mended that the Tentative Specifica- 
tions and Methods of Test for Soluble 
Cellulose Nitrate (D301-54T) be 
adopted as standard. 

Subcommittee V on Cellulose Ethers 
(R. W. Swinehart, chairman) has recom- 


mended that the Tentative Methods of 
Testing Methylcellulose (D 1347 - 54 T) 
be adopted as standard. 

This subcommittee prepared the pro- 
posed tentative method of testing sodium 
carboxymethylcellulose which relates to 
moisture and viscosity and is recom- 
mended for publication as tentative as 
mentioned earlier in this report. 

The work on an assay procedure for 
determining the purity of sodium 
carboxymethylcellulose is continuing. 

A task group on hydroxyalky| cellulose 
has been formed with R. A. Leonard as 
chairman. 

Subcommitiee VI on Statistics (E. J. 
Delate, chairman) sponsored a round 
table discussion on the statistical aspects 
of an interlaboratory study on deter- 
mination of acetyl in cellulose acetate 
at the September meeting. It was 
brought out that a clear statement of 
the objectives of an interlaboratory test 
is important and the design of the check 
should be such that the questions asked 
can be answered with a high degree of 
confidence with minimum testing effort. 

Work on the compilation of a manual 
on statistics is in progress. An inter- 
laboratory test among five laboratories 
for evaluating two proposed assay meth- 
ods for sodium carboxymethylcellulose 
has been designed. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 46 members; 31 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of — 


the committee, ho 
F, A. Smmmonps, fa. 
Chairman. 


W. W. BECKER 
Secretary. 
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Committee E-1 on Methods of Test- 
ing held a meeting at Society head- 
quarters in Philadelphia, Pa., on May 3, 
1956. 

Meetings were held of 13 E-1 sub- 
committees and task groups during 
ASTM Committee Week in Buffalo, 
N. Y., on February 27, 28, and 29, 
1956. 

Subcommittee 17 on Thermometers 
held two meetings: in Washington, D. C., 
on October 7, 1955, and in Rochester, 
N. Y., on May 7 and 8, 1956. 

Subcommittee 21 on Metalware Lab- 
oratory Apparatus held a meeting on 
December 6, 1955, in Philadelphia, Pa. 

A new Subcommittee on Microchem- 
ical Apparatus under the chairmanship 
of A. Steyermark was organized during 
the year. Its personnel includes that of 
_ the Committee on Microchemical Ap- 
paratus of the Division of Analytical 
Chemistry of the American Chemical 
Society. Consideration will be given to 
the entire field of microchemical appa- 
ratus including glassware, metalware, fil- 
ters, etc. The design of microchemical 
apparatus is, in general, closely related 
to and determined by its manner of use. 
Later, it may be found desirable to un- 
dertake the development of microchem- 
ical methods. 

On the recommendations of Sub- 
committees 17, 18, and 19, which are 
concerned with laboratory apparatus, 
Committee E-1 is recommending active 
participation by the United States in 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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the work of Technical Committee 48 on 
Laboratory Glassware and Related 
Apparatus of the International Stand- 
ards Organization rather than as an 
“Observer Member.” 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. R. Townsend. 

Vice-Chairman, A. C. Webber. 

Committee E-1 is sponsoring two 
Symposiums on the following subjects 
at the 1956 Annual Meeting: 

Symposium on Tension Testing of Non- 
Metallic Materials,’ sponsored by Subcommittee 
4 on Tension Testing, comprising 6 papers to be 
presented on June 20. 

Symposium on pH Measurement,? sponsored 
by Subcommittee 22 on Hydrogen Ion De- 
terminations comprising 7 papers to be pre- 
sented in two sessions on June 19. 

At the 1956 Annual Meeting, there 
will also be a Papers Session on Various 
Complex Rheological Problems on June 
22. This session is being held under the 
joint auspices of the Society of Rheology 
and the ASTM. 

Plans are under way for a Symposium 
on Particle Size Measurement to be held 
at the 1958 Annual Meeting under the 
auspices of Subcommittee 11 on Sub- 
Sieve Testing. L. T. Work is chairman 
of the Symposium Committee. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 


1 Issued as separate publication, ASTM STP 
No. 194. 

2 Issued as separate publication, ASTM STP 
No. 190. 
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ing, Committee E-1 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Revision of Tentative Specification for: 
ASTM Hydrometers (E 100 - 54 T). 


Revision of Tentative Recommended Practice for: 

Characteristics of Standard Carbon Arc Ac- 
celerated Weathering Unit (E 42 - 42 T), with 
a change in title to read “Tentative Recom- 
mended Practice for Operation of Light and 
Water Exposure Apparatus (Carbon-Arc 
Type) for Artificial Weathering Tests.” 


Tentative Revision of Standard Specification for: 
ASTM Thermometers (E 1 — 55). 


The revision of E 42 was accepted by 
the Standards Committee on December 
19, 1955, and it appears in Parts 4, 6 
and 7 of the 1955 Book of ASTM Stand- 
ards. The remaining recommendations 
were accepted on September 15, 1955; 
the revision of E 100 appears in Parts 
3 and 5 of the 1955. Book of Standards, 
and the tentative revision of E 1 appears 
in Part 5. 


REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends that the 
Standard Specifications for ASTM Ther- 
mometers (E 1-55) be revised as fol- 
lows, and accordingly asks for a favor- 
able nine-tenths vote at the Annual 
Meeting in order that this recommenda- 
tion may be submitted to letter ballot 
of the Society: 

Section 5.—Add the following as 
Paragraph (6), and designate the present 
section as Paragraph (a): 

(b) In the case of the high-temperature ther- 
mometers, the bulb of the thermometer may be 
heated as now specified in Table I, provided 
that the temperatures of use do not exceed 760 F 
and that the thermometers are not continuously 
exposed to temperatures above 700 F. 


Table I.—In the ASTM Stormer Vis- 
cosity Thermometer 49 C change the 
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specified standardization temperatures 
from “At average temperature 25 C of 
emergent mercury column” to read “At 
25 C and 50 C.” 

Following the June meeting, the com- 
mittee plans to recommend a number of 
tentative thermometer specifications for 
inclusion in Standard E-1. These will 
include a set of solidification point 
thermometers, a vegetable oil flash 
point thermometer, and two tank gaging 
thermometers. 


TENTATIVES CONTINUED WitHout 
REVISION 


The committee recommends that the 
tentative methods under its jurisdiction 
which have been published for two or 
more years without revision be con- 
tinued as tentative. Action on revisions 
in several of these tentatives will be 
taken at the June meeting as men- 
tioned later under the summary of sub- 
committee activities. These revisions 
will be submitted to the Society later 
in the year through the Administrative 
Committee on. Standards. 

The recommendation in this report 
has been submitted to letter ballot of the 
committee, the results of which will be 
reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


at 

Subcommittee 1 on Calibration of 
Mechanical Testing Machines and Ap- 
paratus (B. L. Wilson, chairman).— 
Subcommittee 1 is completing revisions 
in the Tentative Methods of Verifica- 
tion of Testing Machines (E 4-55 T), 
and Verification of Calibration Devices 
for Verifying Testing Machines (E 
74-55 T). The Tentative Method of 
Verification and Classification of Ex- 
tensometers (E 83-52 T) is being con- 
tinued as tentative. 

Subcommittee 2 on Effect of Speed in 

3 The letter ballot vote on this recommenda- 


tion was favorable; the results of the vote are 
on record at ASTM Headquarters. 
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Mechanical Testing (D. E. Parsons, 
chairman).—Mr. B. L. Wilson resigned 
as secretary of Subcommittee 2 and 
chairman of the Task Group on Bibliog- 
raphy and Mr. L. K. Irwin was ap- 
pointed to these offices. 

The Task Group on Bibliography has 
started a second supplement to bring the 
bibliography up to date. This material 
may be ready for publication in 1956. 

The Task Group on Metallic Mate- 
rials (F. M. Howell, chairman) is con- 
sidering the effects of speed on stainless 
steel and is preparing a report covering 
some recent investigations. 

_ The Symposium on Speed of Testing 

of Non-Metallic Materials held at the 
1955 Annual Meeting will shortly be 
issued as Special Technical Publication 
185. 

A task group was organized with H. L. 
_ Fry as chairman to explore the possi- 
bility of defining terms such as “im- 
pact”, “high rate of straining”, “rapid 
loading”, etc. for use in specifications 
and technical reports. 

Subcommittee 3 on Elastic Strength of 
Materials.—G. R. Gohn was appointed 
as chairman to replace F. M. Howell. 
Subcommittee 3 is developing a method 
of test for the determination of Pois- 
son’s ratio for sheet material at room 
temperature. This method is_ being 
prepared by a task group under the 
chairmanship of W. Ramberg. A second 
task group under the chairmanship of 
W. N. Findley is reviewing the various 
definitions of terms applying to the 
- mechanical testing of non-metallic ma- 
terials with a view towards their in- 
corporation in Definitions E-6. 

Subcommittee 4 on Tension Testing.— 
F. M. Howell was appointed to replace 
R. L. Templin as chairman. 

A task group has been reviewing and 
studying differences in the tension testing 
procedures in Methods E 8 and A 370 
and the forthcoming revisions of Federal 


Specification QQ-M-151a, together with 
the definitions in E-6. It has prepared 
rather extensive revisions of Method 
E 8 that are intended to eliminate con- 
flicts among the various standards and 
specifications. 

The need for sub-size specimens, par- 
ticularly for testing radiated samples is 
being investigatéd. 

Subcommittee 6 on Indentation Hard- 
ness (R. H. Heyer, chairman).—A 
task group is undertaking further re- 
vision of the Rockwell Hardness 
Methods E 18, including the addition 
of recommended minimum thicknesses 
of test specimens, and corrections for 
tests on rounds using the ;-in. ball 
penetrator. 

A task group is being organized, in 
cooperation with A-1 and _ representa- 
tives of the American Society for Metals, 
Society of Automotive Engineers, the 
Armed Services, and aircraft manufac- 
turers, to reinvestigate hardness - ten- 
sile strength relationships for steel, 
especially in the high-hardness range. 

A task group is undertaking the com- 
bination of all the hardness conversions 
into a single designation, maintaining 
separate tables for each class of mate- 
rials as at present. 

Subcommittee 7 on Impact Testing 
(W. W. Werring, chairman).—Subcom- 
mittee 7 is voting on a revised draft of 
the Tentative Methods of Impact 
Testing of Metallic Materials (E 23 - 
47 T). This is draft No. 7 and there has 
been extensive detailed discussion on 
each draft. Considerable modernization 
of the method has been achieved to- 
gether with additional detailed informa- 
tion on tolerances and accuracy. It is 
hoped that this can be finally approved 
at the June meeting. 

The Symposium on Impact Testing 
held at the 1955 Annual Meeting has 
now been issued as Special Technical 
Publication No. 176. 


| . ! > 
a; 
| 
| 
"| 
b 
mr + 
a 
' 
( 
vy 


1eSS 
ion 
sSes 
for 
ball 


, in 
nta- 
‘als, 
the 
fac- 
ten- 
teel, 
nge. 
ions 
ning 


sling 


1 on 
ation 
1 to- 
yrma- 
It is 
roved 


sting 
y has 
hnical 


Subcommittee on — Testing 
(H. F. Clemmer, chairman).—The pro- 
posal to refer the latest draft of the 
‘Method for Making Three-Edge Bear- 
ing Test of Pipe” to a joint committee, 
composed of representatives of ASTM 
Committees A-3 on Cast Iron, C-4 on 
Clay Pipe, C-13 on Concrete Pipe, and 
C-15 on Manufactured Masonry Units, 
was approved by Committee E-1. 
These four committees have now been 
asked to appoint their representatives, 
and a meeting will be held in June. This 
committee is to be charged with review- 
ing the current draft and preparing a sin- 
glestandard method to be used in place 
of the various methods now included 
in the individual pipe specifications. 

Subcommittee 14 on Conditioning and 
Weathering (A. C. Webber, chairman) .— 
Methods E 42 were completely revised 
during the year and are now published 
as Tentative Recommended Practice 
for Operation of Light and Water-Ex- 
posure Apparatus (Carbon-Arc Type) 
for Artificial Weathering in Parts 4, 6 
and 7 of the 1955 Book of ASTM Stand- 
ards. 

These basic procedures may now be 
used by the various technical commit- 
tees as a reference in at least six stand- 
ards for specific materials. Several are 
already in the process of revision, and 
at least one new method is being written. 
It is believed the present recommended 
practice will eliminate unnecessary repe- 
tition in the various printings, and 
improve correlation and communication 
in this important area of testing. 

Subcommitiee 15 on Correlation of 
Chemical Analyses (J. W. Stillman, 
chairman).—The most important mat- 
ter under consideration by Subcommittee 
15 during the year has been the Pro- 
posed Recommendations on the Form 
of ASTM Methods for Chemical Analy- 
sis which have been approved by letter 
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ballot and were presented to Committee 
E-1 at the May meeting. 
Subcommittee 15 has been trying to 
develop an opinion as to whether the 
ASTM should issue a combined publica- 
tion of all analytical methods other 
than the Methods of Chemical Analysis 
for Metals. The first vote on this ques- 
tion was indecisive, and it was felt 
that no recommendation could be made 
at this time. 
Subcommittee 17 on 
(W. M. Wilhelm, 


Thermometers 
chairman).—This 


subcommittee submitted the revisions — 


in the Thermometer Specifications E-1 
covered earlier in this report. As noted, 
additional changes in these specifications 
will be presented to the Administrative 
Committee on Standards later in the 
year. At that time, revisions will also 
be presented in the Tentative Method of 


Testing and Standardization of Etched- — 


Stem Liquid-in-Glass Thermometers (E 
77 -52T). 
Subcommittee 18 on Hydrometers (R. 


Committee D-2 on Petroleum Products 


Petroleum Institute (API) in an effort 


D. Thompson, chairman).—Cooperative 


work has been carried on with ASTM 


and Lubricants and with the American 


to effect standardization of hydrometer 
specifications between these two groups. 
Significant progress has been made and 


agreement reached in several areas. 


It is expected that such differences as 
still exist can be resolved, leading to 


standardization which will be of benefit 2 


to all phases of the industry. 

Methods of testing hydrometers have - 
been prepared and are now under final 
review. It is anticipated that this project 
will be completed at the June meeting. 

The subcommittee has been requested 
by Committee D-2 to prepare specifica-_ 


tions for a hydrometer to be used in a — 


new method of test for specific gravity 
of liquefied petroleum gases. 
Subcommittee 19 on Glassware Labora- 
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tory Apparatus (J. J. Moran, chairman). 
—The specifications for the glass 
equipment in the Method of Test for 
Reduced Pressure Distillation of Petro- 
leum Products (D1160-52T) have 
been reviewed, at the request of Re- 
search Division VIII, ASTM D-2. 
New specifications have been drawn up 
which include some revisions in the 
apparatus and also complete dimensional 
requirements for manufacture. 

Subcommittees 19 and 21 have col- 
laborated in preparing a proposed E-1 
Standard for the equipment used in 
Method D 95, Test for Water in Petro- 
leum Products and other Bituminous 
Materials. 

Research Division IX, Committee 
D-2, submitted a draft of a revised 
Method for Measuring the Color of 
Petroleum Products to obtain comments 
on the glassware needed. Subcommittee 
19 has approved the specification in the 
proposed method. 

Revised specifications for tar-acid 
funnels used in Method D 370, Test for 
Creosote and Method D 453, Test for 
Tar-Acids in Creosote and Cresote- 
Coal Tar Solutions, have been prepared 
and submitted to Subcommittee VI, 
Committee D-7, for consideration. 

Revised specifications for the trap 
used in Method D 322, Test for Dilution 
of Crankcase Oils, have been prepared 
and submitted to Subcommittee Q-1, 
Technical Committee B, Committee 
D-2, for consideration. 

Subcommittee 21 on Metalware Labora- 
lory Apparatus (E. L. Ruh, chairman) 
reports progress toward the establish- 
ment of “E”’ Standards covering appara- 
tus for several ASTM Methods. Assist- 
ance was given to various working groups 
on laboratory metalware problems. 

The Task Group on Laboratory Ovens 
held several meetings pointed toward the 
development of performance require- 
ments for gravity and forced-ventilation 
type ovens. 
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Subcommittee 27 on Low-Temperature 
Testing of Elastomers and Plastics (R. 
S. Havenhill, chairman).—A final report 
on Rheological Testing is being com- 
pleted for publication in the ASTM 
BULLETIN. The authors of this paper 
will be C. K. Chatten, W. E. Scoville, 
Jr., and F. S. Conant.‘ This report will 
list in tabular form the significant details 
of nine different types of tests and com- 
pare the performance at test tempera- 
tures from room to minus 80 F on 
natural rubber, GR-S, vinyl, and poly- 
ethylene stocks. When this work is 
completed, definite recommendations 
will be made as to which tests are best 
suited for low-temperature work. 

A report on the brittleness test pro- 
gram is in preparation also for publica- 
tion in the ASTM Bu ttetin. Four low- 
temperature tests proposed by the ISO/ 
TC 45 on Rubber are under study. 

Correlation curves using Bureau of 
Ships data and Armstrong data show 
good correlation of Rex, Shore, Pusey 
and Jones, and ML-1 hardness instru- 
ments. This indicates that standard 
correlation curves can now be prepared. 

Subcommittee 28 on Microscopy (F. 
G. Foster, chairman).—Since micros- 
copy has such a wide scope with many 
ramifications, endeavor has been made 
to limit the number of task groups until 
the present ones are fully established 
and functioning. To this end there are 
five task groups on the following sub- 
jects: (1) Bibliography, which will be 
confined to ASTM literature, (2) 
Methods of Preparation, (3) Standardi- 
zation and Interchangeability of Ele- 
ments. This group has been quite active 
during the past year. Many subjects 
have come to its attention and a canvass 
is being made to ascertain which subjects 
would be most desirable for immediate 
attention. Cooperation in preparation 
of Federal Specification for glass slides 


4 Published in ASTM Buttetin No. 217, Oct., 
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and covers has been given. (4) Photo- 
graphic Materials, and (5) Nomencla- 
ture. 

In connection with the June meeting 
there will be a session on ‘“‘Non-commer- 
cial Accessories and Interesting Tech- 
niques.” A similar session was held last 
year and received much favorable com- 
ment. 

Subcommittee 29 on Microchemical 
Apparatus (A. Steyermark, chairman).— 
Thissubcommittee held its organizational 
meeting on February 7, 1956, at ASTM 
Headquarters Besides thedetails involved 
in organizing, and developing a program 
of work, the previous publications in 
Analytical Chemisiry of the Committee 
on Microchemical Apparatus, of the Di- 
vision of Analytical Chemistry of the 
American Chemical Society were re- 
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viewed with the intention of recommend- 
ing their acceptance as ASTM Standards. 
The pieces of apparatus from these pre- 
vious publications were divided into the 
following categories: (1) Weighing and 
Drying, (2) Carbon-Hydrogen, (3) Ni- 
trogen, (4) Sulfur, (5) Halogens, and (6) 
Alkoxyl. 


This report has been submitted to 
letter ballot of the committee, which 
ronsists of 49 voting members; 32 
members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 

J. R. TownseEnp, 
ad Chairman. 
P. J. Smiru, 

Secretary. 


EpiTor1AL NOTE 


Subsequent to the Annual Meeting, Committee E-1 presented to the Society through 
the Administrative Committee on Standards the following recommendations: 


Tentative Specifications for: 


Weighing and Drying Apparatus for Microchemical Analysis (E 124-56 T), and 
Apparatus for Determination of Water by Distillation (FE 123 — 56 T). 


Revision of Tentative Methods of: 


Impact Testing of Metallic Materials (E 23 - 47 T), and 
Testing and Standardization of Etched-Stem Liquid-in-Glass Thermometers 


(E 77 - 52 T). 


ASTM Thermometers (E 1 - 56 T). 


Tentative Revision of Standard Specifications for: 


> 


= 


The new Specifications E 124 were accepted by the Standards Committee on October 
18, 1956 and appear in the 1956 Supplement to Book of ASTM Standards, Parts 3, 
4, 5 and 6, and in the 1956 Book of ASTM Methods for Chemical Analysis of Metals; _ 
on November 7, 1956 the new Specifications E 123 were accepted which appear in Parts 
3, 4, 5 and 6 of the 1956 Supplement, together with the revision of Methods E 23 which 
appear in Part 2 of the Supplement; on November 15, 1956 the revisions of Methods 
E 77 were accepted which appear in Part 5 of the 1956 Supplement, as well as the 
tentative revision of Specifications E 1 which appears in Parts 3, 4 and 5 of the Supple- 


a 
| 
14 
1} 
ls Ase 
on 
y- 
ns 
| 
St 
‘O- 
w- 
J 
ol |: 
= 
ru- 
ed. 
(F 
OS- 
ade 
‘ 


Committee E-2 on Emission Spec- 
troscopy held two meetings during the 
year: in Atlantic City, N. J., on June 
30, 1955, and in Pittsburgh, Pa., on 
February 29, 1956. Meetings of the 
Executive Subcommittee were held in 
Atlantic City, N. J., on June 27, 1955; 
in Philadelphia, Pa., on October 20, 
1955; and in Pittsburgh, Pa., on Febru- 
ary 29, 1956. 

A round-table discussion on X-ray 
spectroscopy was co-sponsored by the 
committee with The Pittsburgh Con- 
ference on Analytical Chemistry and 
Applied Spectroscopy at Pittsburgh, 
Pa., on February 29, 1956. 

The committee consists of 170 mem- 
bers, representing an increase of six 
members since the last annual meeting. 

The officers elected for the ensuing 
term of two years are as follows: 


Chairman, D. L. Fry. 
Vice-Chairman, R. E. Michaelis. 
Secretary, Cyrus Feldman. 


The committee prepared the Report 
on Standard Samples and Related Mate- 
rials for Spectrochemical Analysis—1955 
which has been published as ASTM 
STP No. 58 C. 


SUGGESTED METHODS TO BE PUBLISHED 
AS INFORMATION 
The committee recommends that the 
following two suggested methods be 
published as information." 
Suggested Methods for: 
Spectrochemical Analysis of Aluminum and its 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


_ 1 Available separately on request. 


Alloys by the Pin-to-Pin Spark Technique, 
and 

Spectrochemical Analysis of Glass for Alkali 
Elements by Flame Photometry. 


NEw TENTATIVES 


The committee recon.mends that the 
following method and recommended 
practices be accepted for publication as 
tentative: 


Tentative Method for: 


Spectrochemical Analysis of Pig Lead by the 

Point-to-Plane Spark Technique. 

This method has grown out of Sug- 
gested Method E-2 SM 6-3 of similar 
title, which appears in the 1953 Book of 
ASTM Methods for Emission Spectro- 
chemical Analysis. The method was 
tested cooperatively by five laboratories, 
acting as a task group within Subcom- 
mittee VI, and the supporting data are 
appended hereto.’ 


Tentative Recommended Practices for: 
Photographic Processing in Spectrochemical 

Analysis,‘ and 
Photographic Photometry in Spectrochemical 

Analysis.‘ 

These practices were published as 
Suggested Practices E-2 SM 2-1 and 
E-2 SM 2-2, respectively, in the 1953 
Book of ASTM Methods for Emission 
Spectrochemical Analysis. Before publi- 
cation as tentative, the practices for 
"2 The new tentatives appear in the 1956 Book 
of ASTM Methods for Chemical Analysis of 
Metals. 

3 See p. 382. 

4“Methods for Emission Spectrochemical 
Analysis,"” Am. Soc. Testing Mats., pp. 6 and 15 
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photographic processing will be edi- 
torially revised to clarify their general 
applicability to other materials in addi- 
tion to the specific products used as 
examples. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The following tentative methods, 
which have stood for two years without 
revision, were reviewed by the ap- 
propriate subcommittees, and the com- 
mittee recommends that they be con- 
tinued as tentative without revision: 


Tentative Method for S pectrochemical Analysis of: 


Zinc-Base Alloys and High-Grade Zinc by the 
Solution - D-C Arc Technique (E 27-53 T), 

Tin Alloys for Minor Constituents and Im- 
purities (E 51 - 43 T), and 

Aluminum and Aluminum-Base Alloys by the 
Point-to-Plane Spark Technique (E 101 - 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Apparatus and 
Equipment (R. G. Russell, chairman).— 
Group 1 on Testing of Photographic 
Emulsions is reviewing a report on 
spectrographic emulsions. Group 3 on 
Description and Specification of Spectro- 
graphic Equipment is preparing a report 
on source units and spectrographs. 

Subcommittee II on Fundamental Meth- 
ods (R. W. Smith, chairman).—Group 1 
on Specification of Spectrographic 
Sources is studying the definition and 
differentiation of source units with the 
object of formulating a uniform accept- 
able terminology for use in writing 
methods. Group 2 on Precision and Ac- 
curacy assists the subcommittees in the 
design of experiments for evaluating 


° The letter ballot vote on these recommenda- 
tions was favorable; the results of the vote are 


on record at ASTM Headquarters. _ 
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methods and is preparing directions 
for specifying precision and accuracy. 

Group 3 on Basic Practices in Photo- 
graphic Photometry recommended that 
the Suggested Practices for Photographic 
Photometry (E-2 SM 2-2) be published 
as tentative, and Group 4 on Basic Prac- 
tices in Photographic Processing made 
the same recommendation for Suggested 
Practices for Photographic Processing 
(E-2 SM 2-1), referred to earlier in the 
report. 

Groups 5 and 7 on Basic Calculations 
in Spectrochemical Analysis are review- 
ing Suggested Methods for Spectro- 
chemical Calculations. Group 6 on 
Semiquantitative Analysis has prepared 
a paper entitled “Report of Progress in 
Obtaining a Universal Method. of 
Spectrochemical Analysis for ASTM’ 
which has been submitted for publica- 
tion in the ASTM BuLLetin. 

Group 8 on Flame Photometry is pre- 
paring a proposed tentative method 
covering basic practices in flame pho- 
tometry. Questionnaires were mailed to 
workers in the medical, cement, pe- 
troleum, and ceramics fields and the 
replies analyzed. Group 9 on X-ray 
Spectrography organized the meeting on 
X-ray Spectroscopy held at Pittsburgh, 
Pa., on February 29, 1956. A question- 
naire was distributed to ascertain re- 
quirements for writing a basic practice 
in X-ray spectroscopy. 

Subcommittee III, Editorial (K. O. 
Stevenson, chairman).—The Editorial 
Group reviewed several methods sub- 
mitted from other subcommittees and 
prepared manuscripts for the Regulations 
of the committee and the Recommenda- 
tions on the Form of Methods. The 
Nomenclature Group is_ considering 
definitions of terms for inclusion in a 
proposed tentative on spectroscopy 
nomenclature. 


6 Published in 


ASTM No. 216, 
Sept., 1956, p. 29. 
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Subcommittee IV on Standards and 
Pure Materials (G. A. Nahstoll, chair- 
man).—The Task Group on Standards 
Report (R. E. Michaelis, chairman) 
prepared the Report on Standard 
Samples and Related Materials for 
Spectrochemical Analysis which has 
been published as ASTM STP No. 58C. 
The Group on Standard Samples has 
continued its cooperation with the 
National Bureau of Standards. The 
Group on Electrodes has prepared a re- 
port on sizes and shapes of graphite 
electrodes. 

Subcommittee V on Copper, Nickel, and 
Their Alloys (A. W. Young, chairman).— 
Group 1 on Sampling of Copper-Base 
Alloys prepared a report which is being 
used as a basis for writing a method on 
sampling. Group 2 completed coopera- 
tive testing on Suggested Method for 
Spectrochemical Analysis of Nickel 


Alloys by the Powder-D-C Arc Tech- 
nique (E-2 SM 5-1) in connection with 


plans to propose this method for publica- 
tion as tentative. Group 3 on Standard 
Samples is cooperating with the National 
Bureau of Standards on preparation of a 
series of standards. Group 4 on Solution 
Methods was formed to develop a solu- 
tion method for the analysis of copper 
alloys. A method for nickel-base, high- 
temperature alloys is being reviewed by 
the subcommittee. 

Subcommittee VI on Lead, Tin, 
Antimony, Bismuth, and Their Alloys 
(E. J. Dunn, Jr., chairman).—The Sug- 
gested Method for Spectrochemical 
Analysis of Pig Lead by the Point-to- 
Plane Spark Technique (E-2 SM 6-3) 
was revised and recommended for 
publication as tentative as mentioned 
earlier in the report. The Suggested 
Method for Spectrochemical Analysis of 
Tin-Base Alloys by the Dry Powder - 
D-C Arc Technique (E-2 SM 6-4) will be 
recommended for publication as tenta- 


tive upon completion of cooperative 
testing, and after revision, the Suggested 
Method for Spectrochemical Analysis of 
Tin by the Cast Pin — Spark Technique 
(E-2 SM 6-9) will be recommended for 
publication as tentative. 

Subcommittee VII on Aluminum, Mag- 
nesium, and Their Alloys (T. M. Hess, 
chairman).—The Tentative Method for 
Spectrochemical Analysis of Aluminum 
and Aluminum-Base Alloys by the 
Point-to-Plane Spark Technique (E 101 
53 T) has been cooperatively tested by 
four laboratories with the results as ap- 
pended hereto.* A proposed tentative 
method for Spectrochemical Analysis of 
Aluminum and Its Alloys by the Point- 
to-Plane Spark and Intermittent Arc 
Techniques Using the Production Con- 
trol Quantometer was prepared and is to 
be tested cooperatively. Spectrochemical 
Analysis of Aluminum-Base Alloys by 
the Dry Powder-D-C Arc Technique ° 
(E-2 SM 7-2) is under revision for 
proposal as a tentative, and Spectro- 
chemical Analysis of Magnesium - Base 
Alloys by the Cast Pin - Spark and A-C 
Arc Techniques (E-2 SM 7-3) is being 
tested by one laboratory preliminary to 
cooperative testing. Spectrochemical 
Analysis of Magnesium-Base Alloys by 
the Point-to-Plane Spark Technique 
(E-2 SM 7-4) is being cooperatively 
tested. The Suggested Method for 
Spectrochemical Analysis of Aluminum 
and Its Alloys by the Pin-to-Pin Spark 
Technique (E-2 SM 7-9), referred to 
earlier in the report, was prepared by the 
subcommittee. 

Subcommittee VIII on Zinc, Cadmium, 
and Their Alloys (Alan Goldblatt, chair- 
man).—The proposed tentative method 
for Spectrochemical Analysis of Zinc 
Die-Casting Metal and High-Purity Zinc 
by the Cast Pin and Point-to-Plane 
Techniques is being cooperatively tested. 

Subcommittee IX on Ferrous Metals 
(G. E. Pellissier, chairman).—Group 1 
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has prepared a_ proposed tentative 
method for Spectrochemical Analysis of 
Carbon and Low-Alloy Steels in the 
Form of Solid Sections which is under- 
going review within the subcommittee. 
Group 2 is reviewing a proposed tenta- 
tive method for Spectrochemical Analy- 
sis of Carbon and Low-Alloy Steels in 
the Form of Rods and a suggested pro- 
cedure for establishing tolerances of a 
spectrographic method. Group 4 has 
prepared a proposed tentative method 
for Direct-Reading Spectrochemical 
Analysis of Stainless-Type Steels for 
subcommittee review. 

Subcommittee X on Non-Metals (W. J. 
Poehlman, chairman).—Group 1 on 
Alkalis is cooperatively testing several 
methods for the analysis of caustic soda 
and related materials and is studying a 
large number of methods including sug- 
gested methods already issued, with the 
purposes of revision, combination, and 
eventual proposal as tentative. These 
methods cover caustic soda and a 
variety of organic and inorganic chemi- 
cals. Group 2 on Ceramics and Ores is 
revising the Suggested Method for 
Spectrochemical Analysis of Ceramics 
(E-2 SM 10-9) for proposal as tenta- 
tive. Group 3 on Slags is preparing 
three methods including suggested 
methods on the analysis of slags with a 
Quantometer, and the photographic 
analysis of open-hearth slags for lime- 
silica ratios, and a proposed ten- 
tative method for steel-making slags. 
Group 5 on Flame Photometry prepared 
the Suggested Method for Spectro- 
chemical Analysis of Glass for Alkali 
Elements by Flame Photometry (E-2 
SM 10-13) referred to previously in the 
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report. Group 6 surveyed available 
methods of materials associated with the 
Bureau of Mines and is preparing a sug- 
gested method for spectrochemical de- 
termination of rare earth elements in 
cerium minerals. Other groups are work- 
ing on methods for materials involved 
in atomic energy, agriculture, _ bio- 
chemistry, petroleum technology, and 
refractories. 

Subcommitiee XI on Titanium, Zir- 
conium, and Related Materials (P. A. 
Leichtle, chairman) reviewed existing 
suggested methods and is_ studying 
several new methods. A_ porous-cup 
method already tested cooperatively by 
a group outside ASTM is under con- 
sideration for publication as tentative. 
Suggested methods for titanium by the 
solution-spark, rotating disk technique 
and the point-to-plane spark technique 
have been prepared and are being re- 
viewed. The group on zirconium and 
hafnium under the leadership of N. E. 
Gordon has surveyed the field by means 
of a questionnaire. Programs have been 
established for obtaining a series of ZrO. 
standards and a series of metallic zir- 
conium standards. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 170 members; 97 members 
returned their ballots, of whom 96 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
J. R. CHURCHILL, 


Cyrus FELDMAN, 
Secretary. 
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SUPPORTING DATA RELATING TO METHODS FOR EMISSION 
SPECTROCHEMICAL ANALYSIS 


RESULTS OF COOPERATIVE TESTS ON 
THE PROPOSED TENTATIVE METHOD 
FOR SPECTROCHEMICAL ANALYSIS 
or Pic Leap 

Supporting data for the Proposed 
Tentative Method for Spectrochemica! 
Analysis of Pig Lead by the Point-to- 
Plane Spark Technique are given in 
Table I. 


was tested by a task group under the 
leadership of F. R. Potter, Alcoa Re- 
search Laboratories of Aluminum Com- 
pany of America, with the following 
companies cooperating: 
Vanadium Corporation of America, 
D. W. Henthorn 
Chicago Spectrochemical Laboratories, 
Alan Goldblatt 


TABLE I.—RESULTS OF COOPERATIVE TESTS ON THE PROPOSED TENTATIVE 
METHOD FOR ANALYSIS OF PIG LEAD. 


Element 


Average Results of Individual Laboratories, 


Average 
Percentage 
Standard 


Grand 


n 
Average, 


c percent | Deviation* 


D E 


0.0028 
0.0099 
0.045 
0.012 
0.0095 
0.014 
0.0017 
0.0025 
0.043 


Cadmium 
Tellurium 


0.0029 
0.0092 
0.045 
0.011 
0.0092 
0.014 
0.0016 
0.0026 
0.041 


0.0031 
0.0097 
0.042 
0.012 
0.0094 
0.013 


0.0025 
0.0092 
0.0483 
0.012 

0.0104 
0.015 

0.00114 
0.0035 
0.055 


0.00284 
0.00944 
0.04526 
0.0116 
0.0096 
0.014 
0.00151 
0.00284 
0.0444 


0.0029 
0.042 


@ Percentage standard deviation, v, for each laboratory is calculated as follows: 


where: 


c = individual determination, per cent, and 
n = number of determinations. 


REPORT ON COOPERATIVE TESTS ON 


THE TENTATIVE METHOD FOR 
SPECTROCHEMICAL ANALYSIS 


Atuminum (E 101 - 53 T) 


The Tentative Method for Spectro- 
chemical Analysis of Aluminum and 
Aluminum-Base Alloys by the Point-to- 
Plane Spark | Technique (E 101 - 53 T) 
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_ 100 (ce — o)? 


c¢ = average concentration by laboratory, per cent, 


nd? 


- 
- 


Frankford Arsenal, A. L. Jamieson 
The Dow Chemical Company, T. M. 
Hess 

Each participant was provided with 
one unknown and a series of standards 
for each of three alloy types. Each series 
of standards included a nominal standard 
having a composition fairly typical of 
the alloy under test and sufficient addi- 
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tional standards to prepare analytical 
curves for all elements to be determined. 
After establishing analytical curves, the 
unknown and nominal standard for each 
alloy were tested six times each (alter- 
nately) on each of four days. The analyt- 
ical curves were adjusted according to the 
average results for the nominal standards 


TABLE II.—SUMMARY OF THE ANALYSES OF THE SAMPLES (METHOD E 101 - 53 T). 


Table III. The coefficients of variation 
within days were based on the tests on 
both unknowns and standards, because 
this made available a greater number of 
degrees of freedom and because there 
was no significant difference in observed 
variability between unknowns and stand- 
ards. The conventional ‘‘F”’ test was 


se Spectrochemical Values, per cent 
Alloy Type Element alue, 
Manganese.............. 0.66 | 0.66 0.66 0.67 0.65 
4| Magnesium............. 1.72 1.68 1.70 1.66 
0.067 0.068 | 0.066 | 0.068 0.067 
0.041 0.047 0.043 0.044 0.042 
Ne 0.063 0.063 0.064 0.064 0.062 
0.041 0.044 0.043 0.042 0.042 
0.052 0.052 0.060 0.049 
0.20 0.20 0.21 0.21 0.21 
| 0.12 0.12 0.12 0.12 0.12 
Manganese 0.10 0.10 0.10 0.10 0.099 
4.84 4.80 4.64 4.75 4.88 
0.045 0.049 0.046 0.045 0.046 
0.047 0.050 0.045 0.062 0.048 
0.12 0.12 0.12 0.12 0.12 
0.37 0.38 0.40 0.38 0.39 
7.05 6.97 6.96 6.90 6.92 
0.12 0.12 0.12 0.12 0.11 
pe 0.32 0.35 0.34 0.35 0.34 
0.12 0.11 0.12 0.11 


* Values determined by Alcoa Research Laboratories. 


for each day, and the analysis for each 
test on the unknown determined. 

Table II shows the alloys tested, the 
elements determined, and the average 
spectrochemical results for each labora- 
tory. Also shown for purposes of com- 
parison is a chemical analysis of each 
unknown. 

A condensed summary of a statistical 
analysis of the data for the most im- 
portant determinations is shown in 


employed to determine whether there 
was any significant variation among 
results obtained on different days other 
than that to be expected from the varia- 
tion within days. For the same purpose, 
the observed coefficient of variation in 
daily means is compared with the values 
calculated from the variation within 
days. 

From the results of these cooperative 
tests, it is concluded that with sufficiently 
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24, 
- Manganese at 0.7 per cent 
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TABLE III.—STATISTICAL ANALYSIS OF A PORTION OF THE TEST DATA 
(METHOD E 101 - 53 T). 


Alloy and Element 


Laboratory 


Coefficient of Variation 


Coefficient of | Among Daily Means 


Variation 
Within Days 


Observed | Calculated? 


2024, 
Copper at 4.5 per cent 


2024, 
Magnesium at 1.7 per cent — 


Magnesium at 4.8 per cent 7 


356, 
Silicon at 7.0 per cent 


Degrees of freedom 


17 
08 
86 
02 


04 
.16 


-62 
.33 


bo 


-80 
-26 


79 
.07 
37 


7 

84 
69 
-97 


bo 


0.89 
1.15 
1.07 
0.04 


o 


40 3/20° 


* F = ratio of variance among days to variance within days. If there i is no variation among days 


_ other than that attributable to t 


he variation within days, 
Probability of F > 2.38 


Probability of F > 3.10 
Probability of F > 4.94 
>’ Calculated from observed variation within days. 


© Degrees of freedom among days = 4 — 1 


uniform samples, this method can be 
expected to give coefficients of variation 
ranging from 1 per cent to 3 per cent. 
It is further concluded that there are no 
significant biases among the results of 
different laboratories analyzing the same 
samples with the same standards, nor 
between the results of the same labora- 
tory obtained at different times. In the 
judgment of the task group, the alloys 
tested are representative of the general 
field of aluminum alloys. While only the 
data representing higher concentrations 
were formally analyzed statistically, the 
results for all elements tested showed 


=3 
Degrees of freedom within days = 24 — 4 = 


20 


satisfactory agreement among labora- 
tories and with the chemically deter- 
mined values. 

Variabilities in sampling practices are 
not included in these tests since only one 
unknown of each alloy was tested. The 
unknowns were especially selected to 
provide a large amount of uniform ma- 
terial in order to permit all participants 
to work on the same samples. It is 
planned to study variables in sampling 
in subsequent tests on other methods 
employing the same types of samples as 
are conventionally used in this method. 


4 
— 
42 0.77 0.68 
52 1.44 1.65 
12 0.18 0.59 
7 : 58 2.00 1.18 
0.86 
pe 1.26 0.79 
4 
1.00 1.04 
1.76 1.32 
0.35 0.92 
08 1.63 
es] 22 1.00 
a 77 0.73 
87 98 1.08 
92 18 1.11 / 
25 ~ 0.72 
10 
05 
» 
\ 
| 
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Committee E-3 on Chemical Analysis 
of Metals held one meeting during the 
year: on June 29, 1955, in Atlantic City, 
N. J., in conjunction with the Annual 
Meeting of the Society. 

A new edition of the Book of ASTM 
Methods of Chemical Analysis of Metals, 
scheduled to appear the latter part of 
1956, will include a number of new 
methods and revisions of existing 
methods. This edition covers adequately 
the chemical requirements of the ma- 


_ jority of ASTM specifications for metals. 


Cooperation with other ASTM com- 
mittees has continued; for example, 
with Committee B-9 on Metal Powders 
and Metal Powder Products, with Com- 
mittee B-4 on the analysis for gases in 
nickel, and with Committee A-1 on the 
accuracy and precision of methods for 
analysis of ferrous metals. 

Major milestones include the prepara- 
tion of methods for the analysis of 
titanium and its alloys, the analysis of 
ferro-alloys, a positive interest in meth- 
ods for gases in nickel and steels, and the 
re-establishment of annual symposia 
mn some timely analytical subject. 

Other projects illustrating the com- 
mittee’s broadening scope of activities 
are the consideration of methods for ore 
analysis, methods for impurities in 
germanium, and the possible recom- 
mendation of nationally and interna- 
tionally known standard samples for 
analytical purposes. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, Arba Thomas. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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The committee recommends that the 
following methods be accepted for pub- 
lication as tentative as appended hereto:! 


Methods for Chemical Analysis of: 

Titanium and Titanium-Base Alloys, 

Nickel-Chromium and Nickel-Chromium Iron 
Alloys 

Copper - Tellurium Alloys, 

Chromium - Copper Alloys, 

Slab Zinc (Spelter), and 

Methods for Determination of: 

Phosphorus in High-Phosphorus Brazing Alloys. 


REVISIONS OF TENTATIVES 


The committee recommends that the 
following five methods be revised as 
indicated and continued as tentative: 


Tentative Photometric Method for De- 
termination of Manganese in Steel 
(E 30-54T): 

Revise by the addition of methods of 
analysis for magnesium, for nickel, and 
for columbium and tantalum, as ap- 
pended hereto.' 


Tentative Photometric Methods for 
Chemical Analysis of Aluminum and 
Aluminum-Base Alloys (E 34 - 54 T): 
Revise by the adoption as standard of 

the present Sections 6 to 56, as men- 

tioned later in this report, and by the 
addition of a new method for the deter- 
mination of magnesium. The revised 
methods are appended hereto.' 

1 The new and revised tentatives appear in 


the 1956 Book of ASTM Methods for Chemical 
Analysis of Metals. 
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Tentative Methods for Chemical Analy- 
sis of White Metal Bearing Alloys 
(E57-50T):° 


Section -Change to read as follows: 


15. (a) Standard Potassium Bromate Solution 
(0.01N or 0.05 N).—Reagent No. 9. 

(b) Methyl Orange Indicator Solution (1 g. per 
l.).—Reagent No. 118. 


Section 16 (a) and (b).—Change to 
read as follows: 


16. (a) Transfer 0.500 to 2.000 g. of the 
sample (the amount depending on the antimony 
content) to a 500-ml. Erlenmeyer flask. To the 
flask, and to a second flask to be carried through 
the entire procedure as a blank, add 15 ml. of 
H.SO, and about 7 g. of KHSO, or K2S20;. 
Heat to decompose the sample, avoiding too 
high temperatures during the initial heating; 
otherwise the sample may melt and incomplete 
decomposition may result. When decomposition 
is complete, heat vigorously over an open flame 
to expel or wash down the sulfur on the walls 
of the flask. 

(b) Cool, add 10 ml. of water, shake to hy- 
drate the H.SO,, and again cool. Add three or 
four granules of silicon carbide to prevent 
bumping. Add 75 ml. of HCl and 1 g. of Na2SO3. 
Heat the solution to gentle boiling and boil 
without cover until the volume has been reduced 
to 6&0) + 5 ml. Dilute to300 ml. with boiling water, 
bubble a fairly vigorous stream of air through 
the solution for 1 min., and titrate the hot solu- 
tion with the appropriate KBrO; solution, using 
methyl orange as the indicator, which should 
preferably be added near the end of the titration. 


Tentative Photometric Methods for the 
Chemical Analysis of Lead, Tin, 
Antimony, and Their Alloys (E 87 - 
50 


Section 18.—Change to read as follows: 


18. Gold, the platinum group metals, ferric 
iron, and, toa lesser extent, antimony interfere. 
The method provides for the removal of the 
interference due to iron and antimony. 


Section 19.—Change Paragraphs (6) 
and (c) to read as follows: 


(6) Standard Copper Solution (1 ml. = O.1 
mg. Cu).—Dissolve 0.1000 g. of copper in 3 ml. 
of HNO; by gentle heat in a 125-ml. conical 
flask. Add 10 ml. of HC1O, and heat to copious 


21950 Book of ASTM Methods for Chem- 
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fumes of HCIQ, to expel HNO. Cool, add 10 ml. 
of water, transfer to a 1-liter volumetric flask, 
and dilute to the mark. 

(c) Test Lead.—Finely granulated test lead 
containing under 0.0001 per cent of copper and 
under 0.001 per cent of iron or nickel.'® % 


Section 20.—Change Paragraphs (a) 
and (b) to read as follows: 


(a) Calibration Solutions: 

(1) Transfer 0.5, 1.0, 2.0, 3.0, 4.0, 6.0, and 
8.0 ml. of copper solution (1 ml. = 0.1 mg. 
Cu) to 125-ml. conical flasks. Add 2 ml. of 
HClO, and dilute to 40 ml. 

(2) Add 1 g. of test lead to each sample, 
cover, and boil at a moderate rate for 15 min. 
to displace all the copper. Cool somewhat, 
remove the solution by decantation, and 
wash once with water—decanting thoroughly. 
Add 10 ml. of HBr-Br2 mixture to the 
flask, cover, and heat gently to dissolve the 
metal. Boil to expel the excess bromine. 
Cool to room temperature. Transfer 10 ml. 
of H;PO, plus 1 drop (0.05 ml.) of HBr - Br. 
mixture to a dry, 25-ml. volumetric flask." 
Transfer the sample solution to the volu- 
metric flask, washing with a few milliliters 
of HBr. Dilute to the mark with HBr and 
mix. Proceed in accordance with Para- 
graph (c). 

(b) Reference Solution.—Transfer 40 ml. of 
water plus 2 ml. of HClO, to a 125-ml. conical 
flask and continue in accordance with Para- 
graphs (a)(2) and (c). 


Section 21 (a).—Change to read as 
follows: 


(a) Sample Solution: 

(1) Depending on the copper content, 
transfer up to 2.00 g. of the sample, from 
which adventitious iron has been removed, 
to a 125-ml. conical flask. Add 10 ml. of 
HNO; (1:3), cover, and heat gently until 
the sample is dissolved. Add 5 ml. of HClO, 
and boil to a volume of 2 ml. 

(2) Add 40 ml. of water and 1 g. of test 
lead and continue in accordance with Section 
20(a) (2).1* 


Section 24.—Change the heading pre- 
ceding this section to read: “Procedure 
for Pig Lead and Lead- and Tin-Base 
Alloys Containing Small Amounts of 
Iron and Less Than 1 per cent of 
Antimony” 2,” 

Change this section to read as follows: 


24. (a) Sample Solution.—Depending on the 
copper content, transfer up to 1.00 g. of the 
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sample, from which adventitious iron has been 
removed, to a 150-ml. beaker. Add 10 ml. of 
HBr-Brz mixture. Cover and heat gently, 
avoiding excessive loss of bromine, until dissolu- 
tion of the sample is complete. When analyzing 
high-tin alloys it may be necessary to add a few 
extra drops of bromine to insure complete dis- 
solution of the sample and oxidation of the tin 
to the stannic state. When dissolution is com- 
plete boil gently until all the bromine has been 
removed.4, Cool to room temperature and 
transfer to a 25-ml. volumetric flask containing 
10 ml. of HsPO, plus 1 drop (0.05ml.) of HBr - 
Br. mixture, washing with a few milliliters of 
HBr. Dilute to the mark with HBr and mix. 

(6) Complete the determination in accord- 
ance with Section 21 (0) to (d). 


Footnotes 15, 16, 17a, and 22.—Delete 
these footnotes, renumbering the subse- 
quent footnotes accordingly. 

Footnote 24.—Change to read as fol- 
lows: 

* High results for copper are obtained if 
excessive amounts of bromine or antimony are 
present at the time of photometric measure- 
ments. 

The committee had submitted revi- 
sions of Sections 11 to 13 of Methods 
887 to the Administrative Committee on 
Standards in 1954. Although these had 
been accepted by the Standards Com- 
mittee as given in the 1954 annual re- 
port, the committee now recommends its 
revision not be made. 


Tentative Photometric Methods for the 
Chemical Analysis of Electronic Nickel 
(E 107-54 T):* Revise by the addi- 

tion of methods for the determination 

of aluminum, carbon, hydrogen, nitro- 
gen, and oxygen, as appended hereto.' 


REVISION OF STANDARD AND REVERSION 
TO TENTATIVE 

The committee recommends that the 

Standard Methods for Chemical Analy- 

sis of Zinc-Base Die-Casting Alloys 

(E 47-45)? be revised as appended 

hereto' and reverted to _ tentative 


status. The revisions include the in- 
corporation of the methods for deter- 
mination of aluminum now published 
under the designation E 47 — 50 T? 


ApbopTION OF TENTATIVES AS STANDARD 
WitHouT REVISION 


The committee recommends that the 
following nine tentative methods be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard with- 
out change: 


Tentative Photometric Methods for: Oo 

Chemical Analysis of Aluminum and Aluminum- 
Base Alloys (E 34-54 T), with the exception 
of the method for silicon covered in Sections 
57 to 64, which is being retained as tentative. 

Chemical Analysis of Magnesium and Mag- 
nesium-Base Alloys (E 35-50 T),? 

Determination of Cobalt in Nickel (E 39 — 49 T),? 
and 

Chemical Analysis of Copper and Copper-Base 
Alloys (E 62 — 50 T).? 

Tentative Methods for Chemical Analysis of: 

Pig Lead (E 37 - 50T),? 

Lead- and Tin-Base Solder Metal (E 46 — 50 T),” 

Copper-Nickel and Copper-Nickel-Zinc Alloys 
(E 75 — 50 T),? and 

Nickel-Copper Alloys (E 76 - 50 T).? 

Tentative Method for Polarographic Determina- 
tion of: 

Lead and Cadmium in Zinc (E68-46T).? 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for im- 
mediate adoption revisions of the fol- 
lowing standards as indicated, and 
accordingly requests the necessary nine- 
tenths affirmative vote at the Annual 
Meeting in order that the revisions may 
be referred to letter ballot of the Society: 


Standard Methods for Chemical Analy- 
sis of Steel, Cast Iron, Open-Hearth 
Iron, and Wrought Iron (E 30-52): 


Section 6.—Change the heading pre 
ceding this section to read: ‘‘Procedure 
for Carbon and High-Silicon Steels 
Containing Under 0.1 per cent Sulfur.” 

In Paragraph (a), line 3, change “1 to 
3 g” to “1 to 5 g.” 

Sections 20, 28, 35, and 43.—Change 
the headings preceding these sections to 
read: “Procedure for Cast Iron and 


_High-Silicon Steels.” 


Footnote. 21—Delete this footnote, 
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renumbering Footnotes 22 to 406 ac- 
cordingly. 

Section 51.—Change the heading pre- 
ceding this section to read: “Procedure 
for Open-Hearth Iron, Cast Iron, 
Wrought Iron, and High-Silicon Steels.” 

Section 55.—Change the heading pre- 
ceding this section to read: ‘Procedure 
for Alloy and High-Silicon Steels.” 

Sections 62 and 68 —Change the 
headings preceding these sections to 
read: “Procedure for Carbon and 
High-Silicon Steels.” 

Section 79.—Change the heading pre- 
ceding this section to read: ‘‘Procedure 
for Cast Iron and High-Silicon Steel.” 

Change Paragraph (6) to read: 


(b) Wash the residue with hot water and 
ignite in platinum at a temperature not exceeding 
550 C. Add 2 ml of HeSO, (1:1) and 3 to 5 ml 
of HF, evaporate to dense white fumes, cool 
and add to the main filtrate. Dilute the filtrate 
to 500 ml with hot water, and complete the 
determination as described in Section 75. 


Section 86.—Change the heading pre- 
ceding this section to read: “Procedure 
for Cast Iron and High-Silicon Steel.” 

Add the following sentences to Para- 
graph (a): “Ignite in platinum at a 
temperature not exceeding 550 C. Add 2 
ml of H2SO, (1:1) and 3 to 5 ml of HF, 
evaporate to dense white fumes, and 
cool. Add 10 ml of water and filter into 
the main filtrate, washing the residue 
with hot water.” 

Section 93.—Change the heading pre- 
ceding this section to read: “Procedure 
for Cast Iron and High-Silicon Steels.” 

Section 108.—Change the heading pre- 
ceding this section to read: “Procedure 
for Cast Iron Containing Under 0.15 per 
cent Chromium, Open-Hearth Iron, 
Wrought Iron, and High-Silicon Steels.” 

Section 118.—Change the heading pre- 
ceding this section to read: “Procedure 
for Cast Iron Containing Under 0.05 
per cent Vanadium, Open-Hearth Iron, 
Wrought Iron, and High-Silicon Steels.” 
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Section 130 (b).—After the first sen- 
tence, insert the following new sentences: 
“In the case of high-silicon steel, add 
0.5 ml of HF before evaporating to 
white fumes. Cool, wash down the sides 


of the flask with water, and again 
evaporate to white fumes.” 


Standard Methods for Chemical Analy- 
sis of Nickel-Chromium and Nickel- 
Chromium-Iron Alloys (E 38 — 48):° 


Section 25.—Add a new Paragraph (0) 
to read as follows: 


(b) Alternatively, transfer 1 g of the sample 
to a 400-ml beaker, add 50 ml of HNO; - HC] 
mixture, cover, and heat until solution is 
complete. Add 25 ml of HCIO, (70 per cent) and 
evaporate to fumes; boil gently 15 min and cool. 
Wash cover and add 75 ml of hot water. Dissolve 
salts and filter into a 200-ml volumetric flask, 
using a small amount of filter pulp to aid filtra- 
tion. Wash thoroughly with hot water, remove 
the flask, and replace with the original beaker. 
Wash twice with hot HCl (2:5). Wash twice 
with hot water. Dilute the contents of the 
flask to the mark and mix. Reserve for the 
determination cf manganese and copper. 


Renumber the present Paragraphs (0) 
to (e) accordingly. 


WITHDRAWAL OF TENTATIVE 


In view of the incorporation of the 
procedure for iron by the thiocyanate 
method into the new Tentative Methods 
for Chemical Analysis of Slab Zinc, 
mentioned earlier in the report, the 
committee recommends the withdrawal 
as a separate designation of the Tenta- 
tive Photometric Method for Deter- 
mination of Iron in Slab Zinc (Spelter) 
(E 64-50 T).” 


REAPPROVAL OF STANDARD 


The committee recommends the reap- 
proval as star.dard of the Methods for 
Chemical Analysis of Slab Zinc (Spelter) 
(E 40 45).” 


TENTATIVES CONTINUED 
WitHout REVISION 
The committee recommends | that 


pending further study and experience 
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in their use, the following tentatives be 
continued without revision: 


Vethods for Chemical Analysis of: 

Ferro-Alloys (E 31-54 T), 

Sulfur in Special Brasses and 
(E 54-50T), 

Antimony Metal (E 86-50T), and 

Copper-Beryllium Alloys (E 106 - 54 T). 

Methods of Sampling: 


Non-Ferrous Metals and Alloys in Cast Form 
for Determination of Chemical Composition 
(E 88 - 50T). 


Recommended Practice for: 


Bronzes 


Photometric Methods for Chemical Analysis 
of Metals (E 60 - 50 T). 


Supporting data for the preceding rec- 
ommendations are given in the Appendix.’ 


The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which 
will be reported at the Annual Meeting.‘ 


ACTIVITIES OF SUBCOMMITTEES 


Editorial Subcommittee (J. L. Hague, 
chairman).—A style manual for methods 
of the committee will be prepared after 
the adoption of a Society style manual 
for chemical methods in general being 
prepared by Subcommittee 15 of Com- 
mittee E-1. 

Division F on Ferrous Metals (J. J. 
Furey, chairman).—Based upon work at 
the National Bureau of Standards, the 
method for analysis of ferroboron is 
being rewritten. A task group will 
continue work on this project, which 
contemplates providing a standard sam- 
ple of ferroboron as well as a method of 
analysis. 

Suitable samples together with sug- 
gested methods have been distributed to 
the respective task groups for work on 
(1) determination of aluminum in 
Stainless type alloy steels, and (2) 
determination of cobalt in high cobalt 
jet-type steels. 

The division prepared the methods for 

* See p. 391. 

* The letter ballot vote on these recommenda- 

ms was favorable; the results of the vote are 


record at ASTM Headquarters. 
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determination of columbium and tan- 
talum in stainless steels, and deter- 
mination of magnesium in nodular iron 
which are recommended earlier in the 
report for inclusion in Tentative Methods 
E 30-54 T. 

Much work has been done on a photo- 
metric method for nickel in steels, but 
further work is needed to apply cor- 
rections for interferences. 

Additional work on determination of 
sulfur by direct combustion will begin 
in the near future. A task group using 
the various types of induction furnaces 
now available has been organized; some 
difficulty had been experienced in getting 
boats with a uniformly low blank but 
this has recently been rectified. 

The division prepared the modification 
of Standard Methods E 30-52 to in- 
clude high-silicon steels, referred to 
earlier in the report. 

A request for a method for determina- 
tion of hydrogen in steel has led to the 
formation of a task group to study the 
problem. Since sampling plays a vital 
part in this analysis, the task group will 
also be charged with the responsibility 
for developing a satisfactory sampling. 
procedure. 

Division M on Miscellaneous Metals 
(R. M. Fowler, chairman) has developed 
analytical methods for titanium and its 
alloys in cooperation with the Metallur- 
gical Advisory Committee on Titanium 
of Watertown Arsenal, and the methods 
are being recommended for publication 
as tentative as mentioned earlier in this 
report. Included are methods for alu- 
minum, chromium, iron, manganese, 
molybdenum, nitrogen, tin, and vana- 
dium. 

A task group has developed improved 
methods for the determination of 


copper and manganese in electrical 
heating alloys and also a modification of 
the present method (E 38-48) for 
silicon in these materials as referred to 
earlier in the report. 


Committee F-1 4 


389 
di | apt 
les 
ain 
ly- 
0) 
iC] 
is 
and 
ool. d 
olve 
ask, 
tra- 
love 
her. 
wice 
the 
the 
(b) 
% 
ods | 
inc, 
the iS ai 
wal 1 
nta- 
‘ter- 
ter) 
for 
ter) 
> 
that 
| 


oF CoMMITTEE E-3 


390 


on Materials for Electron Tubes and 
Semiconductor Devices, work has been 
done on methods for carbon, oxygen, 
hydrogen, and nitrogen in electronic 
nickel and similar materials. These 
methods are being recommended as a 
revision of Method E107-54T, as 
mentioned earlier in the report. 

Division S on Sampling of Metals 
(A. C. Holler, chairman): 

Subcommittee S-1 on Ferrous Metals 
(J. B. Armstrong, chairman).—A task 
group is studying certain aspects of the 
sampling of pig iron and the possible 
revision of the Standard Method of 
Sampling Steel, Cast Iron, Open-Hearth 
Iron, and Wrought Iron (E 59 — 45). 

Sampling procedures for tubular prod- 
ucts for chemical analysis are being 
studied by a task group in cooperation 
with Committee A-1 on Steel. 

Subcommittee S-2 on Non-Ferrous 
Metals (R. L. Vitek, chairman).— 
Methods for the sampling of titanium 
sponge are being prepared jointly with 
Subcommittee VIII on Miscellaneous 
Refined Metals and Alloys of Committee 
B-2. 

Division N on Non-Ferrous Alloys 
(R. G. Ernst, chairman) has prepared the 
new methods for analysis of copper- 
tellurium alloys, chromium-copper al- 
loys, slab zinc (spelter), and _high- 
phosphorus brazing alloys mentioned 
earlier in the report. The division also 
prepared the revisions of Methods 
E 34-54 T, E 47-45, E57 -50 T, and 
E 87-54 T. The revisions of Methods 
E 107 - 54 T were prepared jointly with 
Division M. 

Work is under way on (1) determina- 
tion of antimony in pig lead and fire 
refined copper with rhodamine, (2) use of 
neo-cuproine as a general photometric 


reagent for determination of copper, (3) 
determination of zirconium in mag- 
nesium-base alloys, and (4) determina- 
tion of zinc in aluminum-base alloys by 
means of solvent extraction, followed by 
versene titration. 

Division G on General Analytical 
Methods (H. F. Beeghly, chairman) is 
responsible for planning annual sym- 
posia of timely interest to Committee 
E-3 and other ASTM committees in- 
terested in chemical analysis. The first 
of these on “Ion Exchange and Chroma- 
tography in Analytical Chemistry’” will 
be held at the 1956 Annual Meeting. 

Subcommittee G-1 on Reagents, G-2 
on Apparatus, and G-3 on Common Pro- 
cedures have been reviewing methods for 
publication in the new Book of ASTM 
Methods for the Chemical Analysis of 
Metals. 

Subcommittee G-3 is reviewing meth- 
ods for determination of phosphorus with 
the object of developing a common pro- 
cedure for this element. 

Subcommittee G-4 on Statistics has 
compiled and distributed a suggested 
procedure for conducting cooperative 
interlaboratory tests on standard pro- 
cedures. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 121 members; 65 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
ARBA THOMAS, 


Chairman. 
H. KIrTCHIK, 


Secretary. 


5 Issued as separate publication ASTM STP 
No. 198. 


EpITorRIAL NOTE 


Subsequent to the Annual Meeting, Committee E-3 presented to the Society through 


the Administrative Committee on Standards the recommendation that the Tentative 
Methods for Chemical Analysis of Steel, Cast Iron, Open-Hearth Iron, and Wrought 
Iron (E 30-51 T) be revised. This recommendation was accepted by the Standards 
Committee on September 5, 1956, and the revised tentative methods appear in the 
1956 Book of ASTM Methods for Chemical Analysis of Metals. 
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APPENDIX 


SUPPORTING DATA RELATING TO NEW AND REVISED METHODS 
FOR CHEMICAL ANALYSIS OF METALS 


Supporting data for the various new and revised methods for chemical analysis 
of metals included in the 1956 report of Committee E-3 are given in the following 
Tables I to XIII. 


TABLE I.—RESULTS OF COOPERATIVE TESTS ON THE PROPOSED TENTATIVE METHODS FOR 
CHEMICAL ANALYSIS OF TITANIUM AND TITANIUM-BASE ALLOYS. 


: ALUMINUM BY THE 8-HyDROXYQUINOLINE IRON BY THE SULFIDE SEPARATION - DICHROMATE 


GRAVIMETRIC METHOD TITRATION MetTHop 


(Method as written, all interfering elements, 
synthetic samples.) 


Iron, per cent 


Sample 


. Aluminum Aluminum 
Laboratory No. Present, per cent | Found, per cent 


5 


0.053 
0.045 
0.049 
0.10 
0.12 
0.10 


ww 
BSRA 


wn 
oo 
= 


FSS 


| 
| 
| 
| 
| 


&RSSS 


w 


on 


SR BRS 


33S $s 


—_ 


aan 
~ 
a 


WA-36 

CHROMIUM BY THE PERSULFATE OXIDATION METHOD 

(Results marked with an asterisk (*) were determined by 
potentiometric titration.) 


MANGANESE BY THE PERSULFATE - ARSENITE METHOD 


Chromium, per cent Labora- 
Sample 


Sample Manganese, per cent 


Min No. 


eliminary results) 
a 3.63 (preliminary 


.057, 0.054, 0.053 
.090, 0.090 (preliminary results) 
0. 0.049 (pre- 


Sesse 


5.15, 5.15, 5.13, 


8.14 

-00, 8.10, 8.05, 8.03, 8.13, 8.13, 
8.03, 8.03 

35, 8.30, 8.31, 8.30 


OOF 
RRP PRPPP 


00 


@ 
tory = 
1 
0.1 Pe 
S WA-29 
l WA-3S 
O : 
h 
tory 
No. 
18 {| 3.58, 3.57, 3.59, 3.59, 3.57 
21 3.60, 3.58, 3.58, 3.55, 3.55, 3.55, 
yf WA-2 19 5 | 3.55, 3.55, 3.53, 3.50 
= 
5.42, 5.34, 5.33, 5.29 
I WA-7 2 WA-11 5.15, 5.15, 
- {| 5.10, 5.09 (preliminary results) 
Scone’ 6 Beas { 8.14, 8.14, 8.11, 8.14, 8.14, 8.14, 
3. WA-12 1 WA-3 
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[RON BY THE OrTHO-PHENANTHROLINE 
(PHotometric) Metaop 


Deter- Iron, per cent 

Sample 

No. Max Min Avg 
| 0.38 0.35 0.363 
Serer 0.36 0.33 0.345 
| ee WA-20 0.36 0.34 0.35 
rer 0.39 0.35 0.370 
0.340 0.332 0.336 
0.376 0. 309 0.349 
5.30 4.97 5.16 
4.95 4.93 4.94 
3.. : WA-21 4.80 4.68 4.74 
5.16 5.10 5.07 
5.00 4.93 4.96 
4.95 4.84 4.90 
0.104 0.090 0.097 
ca 0.086 0.085 0.086 
WA-29 0.075 0.074 0.065 
Se 0.101 0.091 0.093 
0.094 0.086 0.089 
| ee 2.54 2.25 2.424 
2.29 2.26 2.273 
WA-35 
2.40 2.33 2.365 
eer 2.33 2.26 2.290 
ae 2.28 2.28 2.28 
1.90 1.73 1.79 
acer 1.71 1.69 1.70 
1.67 1.62 1.64 
| WA-36 1.70 1.70 1.70 
1.84 1.62 1.74 
1.80 1.68 1.74 
Se 1.71 1.71 1.71 


NITROGEN BY THE DISTILLATION - TITRATION METHOD 
(Average of four results.) 


Nitrogen, per cent 
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| | | Sam- 
No. [Sample “a Sample Sample Sample ple 

130B SOA | WA-30, WA-31 

0.019 | 0.039 | 0.108 | 0.130 

Re 0.036 | 0.082 | 0.018 | 0.038 | 0.108 | 0.130 

Bavaccnnns 0.037 | 0.084 | 0.020 | 0.040 | 0.110 | 0.134 

0.019 | 0.041 | 0.107 | 0.130 

0.038 | 0.083 | 0. 0.041 | © 111 | 0.131 

Averages. .| 0.037 | 0.082 | 0. 019 | 0.040 | 0.109 | 0.131 


(APPENDIX I) 


TABLE I.—RESULTS OF COOPERATIVE TESTS ON THE PROPOSED TENTATIVE METH DS FOR 
Cc HEMICAL AN ALYSIS OF TITANIUM AND TITANIUM- BASE ALLOYS (Continue Ne 


MOLYBDENUM BY THE THIOCYANATE 
(PHOTOMETRIC) MetHop 


Labora- 
— Sample Molybdenum, per cent 
Bea WA-4 (50-mg 3.12, 3.18, 3.18 (Beckman) 
| a samples) 2.98, 2.98 (Klett) 
ee 3.12, 3.05, 3.04, 3.20 
1 9.16, 9.23, 9.26, 9.54, 9.38, 
9.38 
2 9.25, 9.23, 9.25, 9.34, 9.22, 
WA-6 (50-mg 9.25, 9.25 (separate first 
samples) aliquots) 
=. 9.28, 9.30, 9.28, 9.24, 9.28, 
9. 32, 9.28 (same first 
aliquot) 
9.14, 9.40, 9.24 
WA-7 (50-mg 2.04 
2 samples) 1.84, 1.84 
as 1.84, 1.86, 1.84, 1.86 
WA-4 (using a 3.10, 3.06, 3.06, 2.96, 3.04 
1-g sample and 
1 aliquoting) 
WA-6 9.00, 9.10, 9.10 
WA-7 1.80, 1.80, 1.80 


MANGANESE BY THE PERIODATE OXIDATION 


(PHOTOMETRIC) METHOD 


Labora- 
tory Sample Manganese, per cent 
No. 
Risa WA-9 3.45, 3.S1, 3.55, 3.53, 3.53, 3.51, 
3.50, 3.54, 3.54 
| 0.070, 0.072, 0.068, 0.070, 
| 0.071, 0.070, 0.068, 0.068, 0 
0.058, 0.058, 0.056, 0.056 
( WA-10 || 0.050, 0. 053, 0. 049, 0.045, 0.047, 
| 0.050, 0. 055, 0.048, 0.046, 0.048 
R55. | 0.056, 0. 056 
5.20, 5.28, 5.24, 5.28, 5.20, 5.08 
WA-34 8.10, 8. 8.12, 8.10, 8.10, 8.00, 


8.08, 8.08, 8.08, 8.20, 7.98 


MOLYBDENUM BY THE SULFIDE - PERMANGANATE 


TITRATION METHOD 


(Since this was a one-man task force, there is no com- 
parative data on the method. However, the method is 
essentially the same as the method for molybdenum in 
ferromolybdenum which is published as Sections 73 to 75 
of the Standard Methods for Chemical Analysis of Ferro- 


Alloys (E 31 - 47).) 


392 
4 
+ 
\ 
. 
re 4 
@p lvoe 
« 
2 
ee 
‘ 


TABLE I.—RESULTS OF COOPERATIVE TESTS ON THE PROPOSED TENTATIVE METHODS FOR 
CHEMICAL ANALYSIS OF TITANIUM AND TITANIUM-BASE ALLOYS (Continued). 


Trin BY THE IoprmMeTRIC TITRATION METHOD 


VANADIUM BY THE PERMANGANATE OXIDATION - 


| Ferrous SULFATE TITRATION METHOD 
Tin, per cent 
° ° 
Titrant Variations Vanadium, per cent 
8 Sample Sample tory Sample 
4 WA-44 WA-45 No. Min Ave 
0.02 N 2.56 2.53 2.55 
KIO; 2.71 2.67 2.69 
8, 2.62|2.57|2.64|4. 25/4. 20/4. 21| Sulfide WA-14 2.68 2.50 2.60 
separation 2.68 2.65 2.67 
| 2.62 2.56 2.60 
| 0.097 N 
iodine 2.38 2.35 2.37 
28 | SORES 2.62 2.57 2.59 
rst 2.64/2.63|2.65|4. 32/4. 34/4. 37 Ee WA-15 2.54 2.41 2.48 
31/4. 24 2.57 2.51 2.53 
2.66|2.66|2.66 2 percent V 2.52 2.48 2.50 
added 
00, 2.67|2.66|2.66 3 percent V 
2...) 0.01 N added 
iodine 2.94/2.91/3.11 6 percent V 
added 
2.58|2.60)/2.60 6 r cent CHROMIUM BY THE DIPHENYLCARBAZIDE 
4 Moadded (PHOTOMETRIC) METHOD 
2.66|2.65|2.66 0.5 percent 
W added 
Chromium, per cent 
2.65|2.65|2.65)4. 31/4. 31/4. 30 Sample 
2.64|2.66 4.35/4.4 Max Min 
2.67\2.63 4.29)4.2 Reduced 10 
g Armco 
iron 0.16 0.15 
3...| 0.02 N  4|2.77/2.84 4.33)4.49 Reduced 5 0.165 0.15 
iodine WA-3 0.18 0.17 
2.67/2.70 4.33)4.32 Reduced 10 0.166 0.155 
iron 
0.0066 0.0060 
+ 0.02 N with nickel ste WA-22 0.005 0.005 
070, withnickel 5... 0.011 0.008 
068 0.010 0.010 
5...| 0.02 N Sulfide sep- 
047, | iodine aration 
5. 24, TABLE II.—RESULTS OF COOPERATIVE TESTS TABLE III.—RESULTS OF COOPERATIVE TESTS 
5.08 ON THE PROPOSED TENTATIVE METHOD FOR ON THE PROPOSED TENTATIVE METHODS FOR 
DETERMINATION OF PHOSPHORUS IN HIGH- CHEMICAL ANALYSIS OF COPPER-TELLURIUM 
3.00, PHOSPHORUS BRAZING ALLOYS. ALLOYS. 
} 
Phosphorus, per cent Copper, 
sisi Copper, Silver, Laboratory per cent Tellurium, per cent 
per cent® | per cent® by Differ-| Photo- 
sia ence | metric? 99.47 0.53 
is - 99.46 0.54 
m in 5.03 99.47 0.54 
to 75 80.07 | 14.80 5.13 $.01 
5.04 99.48 
80.11 14.79 5.10 3.03 
0.547 
5.03 0.545 
80.08 14.79 5.13 5.04 
4.99 


*Silver and copper determined in accordance with 
the Standard Methods for Chemical Analysis of Silver 
Solders (E 56 - 45). 

> The average of seven gravimetric determinations of 
phosphorus gave a value of 5.03 per cent. 
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TABLE IV.—RESULTS OF COOPERATIVE TESTS 
ON THE PROPOSED TENTATIVE METHODS FOR 
CHEMICAL ANALYSIS OF METALLIC MATERIALS 
FOR ELECTRICAL HEATING. 


(All values in per cent.) 


Certificate 
Value 
Deviation 


MANGANESE 


0.072 |0.072 |0.072 
0.0767 |0. 0698 0.0718) 
6.075 \0.071 |0.073 | 


0.078 |0.067 0.073 
0.0725/0.073010.0005 


1.310 |1.282 |1.300 


1.289 |1.280 |0.009 
1.288 |1-256 1.278 | 


0.015 |o.015 {0.015 


| 
0.015 |0.012 0.014 


0.0150 0.0005 


0.041 0.045 0.004 


|0.038 
0.045 |0.037 (0.041 


TABLE V.—RESULTS OF COOPERATIVE TESTS 
ON THE PROPOSED MODIFICATION OF THE 
BROMATE METHOD FOR ANTIMONY (SECTIONS 
15 AND 16) OF METHODS E 57 - 50 T. 


Amount of | Antimony, per cent 
Sample 


Used, g 


Sample 
(NBS No.) 
Present | Found 


CoopERATOR 1 


2 


0.5 


0.5 


CooPpERATOR 2 


2 


CooPERATOR 3 


TaBLeE VI.—RESULTS OF COOPERATIVE TESTS 
ON THE PROPOSED TENTATIVE METHODS FOR 
owe ANALYSIS OF CHROMIUM-COPPER 
ALLOYS. 


Chromium, per cent 
Sample 


(Heat No.) 
Max Min Avg bene 


0.74 
0.740 


1.11 
1.10 


0.73 
0.733 


1.10 
1.10 


} { } 0.735 


} 53893-6 } 1.10 


TABLE VII.—RESULTS OF COSSERATIVE 
ON PROPOSED TENTATIVE METHOD FOR DE- 
Hore = ATION OF LEAD IN ZINC AND ZINC BASE 


Lead, per cent 


Lab- | Sample 
ora- | (NBS 
tory | No.) 


Gen- 
eral 
Aver- 
age 


Cer- 
tifi- 
cate 

Value 


Devi- 


Avg ation 


0.000 
0.001 


0.031 
‘}o.00s 


0.031 
0.006 


0.31 (0.32 |0.01 
0.045 |0.047 |0.002 
0.0022 0.0020 0.0002 


TABLE VIII. —RESULTS OF COOPERATIVE E 
TESTS ON THE PROPOSED TENTATIVE METHOD 
FOR DETERMINATION OF MAGNESIUM IN ALU 
MINUM. 

(Revision of Methods E 34 - 54 T.) 


Magnesium, per cent 


Sample 
(NBS No Labo- 


Labo- 
ratory 
Cc 


Labo- 
ratory 
D 


1.57 1.60 
0.38 


TABLE IX.—RESULTS OF COOPERATIVE TESTS 
ON THE PROPOSED TENTATIVE METHOD FOR 
DETERMINATION OF ALUMINUM IN ELEC- 
TRONIC NICKEL. 

(Revision of Methods E 107 - 54 T.) 


Aluminum, per cent 


Sample 
(Melt No.) Labo- 


ratory 
Cc 


Labo- 
ratory 
D 


Labo- 
ratory 
A 


Labo- 
ratory 
B 


0.011 
0.092 
0.003 


0.010 
0.092 
0.001 


- 2 Qa 
< n a = < 
2.../ (NBS 
Max | M 
2...|(NBS 
0.00660. 0060/0. 006 
C...../ 95 10.324 |0.298 |0. 307 
A.....| 108 |0.048 |0.043 |0.04: 
A.....| 109 |0.0022/0.0021 0.00: 
10.17 
7.22 
Value 
0.76 
= ors {| 0.37 | 0.38 | | 0.39 
10.26 
1 10.28 { 10.32 
7.24 
ih, 7.22 
0.80 
| 
10.24 E 
$30 10.28 {| 19:3 
202..........| 0.009 0.011 0.013 
7.40 1025.........| 0.092 0.095 
{ 7.29 8153.........| 0.002 0.002 | 0.003 
| 
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TABLE X.—RESULTS OF COOPERATIVE TESTS 
ON THE PROPOSED TENTATIVE METHOD FOR 
DETERMINATION OF COLUMBIUM AND TANTA- 
LUM IN STAINLESS STEEL. 


(Revision of Methods E 30 - 54 T.) 


NBS Sample No. 1236! Special Sample 


Co- 
lum- 
bium, 
per 
cent 


| 
Tung- 
sten, 
per 
cent 


Tanta- 
lum, 
per 
cent 


Certified 
value... 


Labo- 
_ ratory 


TABLE XI.—RESULTS OF COOPERATIVE TESTS 
ON THE PROPOSED REVISION OF THE PHOS- 
PHATE METHOD FOR MAGNESIUM (SECTION 16) 
IN METHODS E 47 - 45. 


Magnesium Found, 


Magne- per cent 


sium 
Present, 
per cent 


Sample G» | Ge 
oper- 
ator 


NBS 94a 


0.025, 0.022 

BS 94a + 5 g of 0.026; 0.022 
S 109 0.026 
0.049 0.042 
0.049; 0.042 
0.049 


10 g of NBS 94a + 0.25 g 
of copper 


Magnesium 
Found, g 


Synthetic alloy of 9.6 g | 
zinc + 0.4 g of alumi- | 
num plus magnesium 


395 


TABLE XII.—RESULTS OF COOPERATIVE TESTS 
ON THE PROPOSED TENTATIVE METHOD FOR 
DETERMINATION OF MAGNESIUM IN CAST IRON. 


(Revision of Methods E 30 - 54 T.) 


Magnesium, per cent 
Sample 


Max Min Avg 


0.040 
0.042 


0.083 
0.084 


0.075 
0.069 


0.036 
0.036 


0.068 
0.071 


0.059 
0.062 


0.038 
0.039 


0.075 
0.077 


0.068 
0.065 


*On Sample No.1, spectrographic values of 0.038, 
0.036, and 0.037 per cent were obtained by Laboratory 
No. 4, and 0.037 per cent spectrographically and 0.037, 
0.037 per cent using the magnesium pyrophosphate method 
by Laboratory No. 2. 

>On Sample No.2, spectrographic values of 0.083, 
0.086, and 0.089 per cent were reported by Laboratory No. 
4. On this sample Laboratory No. 2 obtained 0.075, 0.075, 
and 0.075 per cent by the magnesium pyrophosphate 
method. 

© On Sample No. 3, a spectrographic value of 0.069 per 
cent was reported by Laboratory No. 3. 


TABLE XIII.—RESULTS OF COOPERATIVE 
TESTS ON THE PROPOSED TENTATIVE HYDRO- 
BROMIC ACID METHOD FOR COPPER IN ZINC- 
BASE DIE-CASTING ALLOYS. 


(Revision of Methods E 47 - 45.) 


Copper, per cent 


Sample 
Weight,| Co- 
g oper- 
ator 
1 


Sample Co- 


oper- 
ator 
2 


Co- 
oper- 
ator 
3 


NBS sample 108 (Certifi- 
cate value, Cu = 
0.0004 per cent) 


NBS sample 109 (Certifi- | 
cate value, Cu = 
0.0005 per cent) 


NBS sample 110 (Certifi- 
cate value, Cu = 
0.0031 per cent) 


0.000449 
0.000477 
0.000487 


NBS sample 94a (Certifi- 
cate value, Cu = 
1.08 per cent) 


1 g NBS sample 109 + 0.006 g 
NBS sample 94a, Cu = 0.0070 
per cent 
gz NBS sample 109 + 0.0055 g 
NBS sample 94a, Cu = 0.0065 
per cent 
g NBS sample 109 + 0.0058 g 
NBS sample 94a, Cu = 0.0068 
per cent 


| 
= im, n, rer a 
ent nt Z | 
cent 
a 0.759 | 0.205 | 0.17 | 0.790 | 0.224 | —0.01 ) . 
S 0.754 | 0.203 | 0.16 | 0.785 | 0.216 | —0.01 
. {| 0.769 | 0.205 | 0.18 | 0.766 | 0.220 | —o ~ ee 
E 0.722 | 0.208 | ... | 0.728 | 0.220] .. 
0.712 | 0.204} ... | 0.728 | 0.228] 
0.716 | 0.210 | | 0.720] 0.228] 
0.726 | 0.210 | ... | 0.734] 0.230| 
0:76 | 0.21 | 0.15 | 0.77 | 0.28 | no 
3........4] 0.71 | 0.20 | 0.16] 0.79 | 0.26 | none 
0.76 | 0.22 | 0.16 | 0.77 | 0.27 | none 
0.76 | 0.21 
VE 
yD 
U 
Co- 
itor 
fi- 0.042 | 0.049) 0.040 5 0.00060 : 
(0.042 | 0.049) 0.042 10 0.000543 
0.042 | 0.049) 0.042 . -00054 
0,043 5 0.0031 | ... 
9 10 0.00339 
a 10 0.00342 
5; 10 0.00361 
Magne- 
Ve 
0.00300 0.00293) ... | ... 
0.00600 (0.00580, ... ... 
0.00600 |0.00596, ... | ... 
13 | 
90 
03 Al 
on 


METALLOGRAPHY* 


Committee E-4 on Metallography 
held two meetings during the year: on 
June 29, 1955, during the Annual Meet- 
ing of the Society, and on February 28, 
1956, during ASTM Committee Week. 

A number of changes in membership 
have occurred, and the committee now 
consists of 112 members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, L. L. Wyman. 

Vice-Chairman, R. E. Penrod. 

Secretary, Mary R. Norton. on 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee E-4 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 


Tentative Method for: 


Estimating the Average Grain Size of Metals 
(E 112 - 55 T), and 


Revision and Reversion to Tentative of: = 


Standard Definitions of Terms Relating to 
Metallography (E 7 - 27). 


These recommendations were ac- 
cepted by the Standards Committee on 
September 15, 1955, and the new method 
and revised definitions appear in the 
1955 Book of ASTM Standards, Part 2. 

The preparation of Method E 112 
is the result of a sustained effort which 
was initiated in 1937. Included in the 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


revised Definitions E 7 are nearly 2 a 
thousand terms used in the field of 
metallography. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Selection and Prepa- 
ration of Samples (F.C. Hull, chairman) 
has been working on revisions of prac- 
tices for the selection and preparation of 
samples, and nearly completed is the 
section on electrolytic polishing and 
etching. 

Because of the need to greatly 
strengthen the recommended procedures 
for macro-etch testing, a special section 
has been set up for this work. In addition, 
this group will follow up the current 
survey on the desirability of macro- 
etch standards, at the request of the 
Administrative Committee on Simu- 
lated Service Testing. 

Subcommittee III on Nomenclature 
(P. A. Beck, chairman) has prepared 
what appears to be an acceptable means 
of designating the phases in alloy sys- 
tems, and the document will be dis- 
cussed with experts in England prior to 
being presented to the main committee. 

Subcommittee IV on Photomicrog- 
raphy (S. W. Poole, chairman) is pre- 
paring for the 1956 Photomicrographic 
Exhibit. The great interest and success 
of the student competition participa- 
tion, as well as the excellent quality of 
the exhibits submitted, make this the 
country’s outstanding display of quality 
photomicrographs. 

Subcommittee V on Microhardness 
(W. E. Shebest, chairman) is evaluating 
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its last round-robin tests on standard 
test-plate samples and is continuing a 
comparable series of tests with specially 
calibrated micrometers and test plates. 

Subcommittee VI on X-ray Diffraction 
(W. L. Fink, chairman).—The many 
advances in both technique and equip- 
ment in recent years have necessitated 
an extensive enlargement of coverage of 
the Recommended Practice for Identify- 
ing of Crystalline Materials by the 
Hanawalt X-ray Diffraction Method 
(E43-49T), and in connection with 
this work a group of diffraction experts 
have volunteered their services to the 
committee. This situation resulted from 
the close cooperation between Commit- 
tee E-4 and the Joint Committee on 
Chemical Analysis by Powder Diffrac- 
tion Methods, sponsors of the well- 
known Card File Index. 

Subcommittee VII on Thermal Analy- 
sis (D. I. Finch, chairman) is in the 
initial stages of preparing a compre- 
hensive recommendation on resistance 
methods of analysis. 

Subcommittee VIII on Grain Size 
(R. E. Penrod, chairman) has completed 
the major task of preparing the new 
Method E 112 referred to previously 
in this report. 

It is now working on a series of 
reference photographs for small amounts 


of disperse phases and simiiar appearing 
voids or particles, possibly including 
minute inclusions such as in vacuum 
melted metals, porosity, etc. 

Subcommittee X on Decarburization 
(J. J. B. Rutherford, chairman) which 
was organized particularly to cooperate 
with similar interests in other technical 
societies, reports a complete dearth of 
such activities, and therefore it has 
been disbanded. 

Subcommitiee XI on Electron Micro- 
structure (R. M. Fisher, chairman) is 
continuing a most active program on 
the studies of techniques and micro- 
structures of steel and on the structures 
of non-ferrous materials. 

In conjunction with the 1956 Annual 
Meeting, the subcommittee will sponsor 
a technical session relating to its current 
efforts. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 112 members; 79 members 
returned their ballots, of whom 75 have 
voted affirmatively and negatively. 


Respectfully submitted on behalf of 
the committee, 
L. L. Wyman, 
Chairman. 
Mary R. Norton, 
Secretary. 
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APPENDIX I 


ELECTRON MICROSTRUCTURE OF SOME QUENCHED-AND- 
di TEMPERED, LOW-ALLOY, MEDIUM-CARBON STEELS*7 


By R. P. SERNKA! AND S. T. Ross? 


In connection with other work done 
at the Chrysler Engineering Research 
Laboratories (11),* there has been the 
opportunity to investigate the electron 
microstructure of six low-alloy medium- 
carbon steels. This phase of the work 
was undertaken so that microstructure 
could be correlated with data obtained 
from physical tests. It was also felt 
that information about the products 
formed during the tempering of marten- 
site in various alloy steels was incom- 
plete. The specimens (SAE 2340, 4052, 
4063, 4140, 4340 and 5150 steels) were 
quenched and then tempered for various 
times. Steel analyses and the heat treat- 
ments for each specimen are shown in 
Tables I and II. 


SPECIMEN PREPARATION 


All specimens were copper plated 
0.0005 in. to prevent decarburization 


* Presented at a meeting of Subcommittee 
XI an Electron Metallography of ASTM Com- 
mittee E-4 on Metallography, Atlantic City, 
N. J., June 19, 1956. 

+ This paper is taken from a thesis sub- 
mitted by R. P. Sernka in partial fulfillment 
of the requirements for the degree of M.S. in 
Metallurgy at Wayne University. 

1 Research Metallurgist, Chrysler Corp., De- 
troit, Mich. 

2 Supervisor, Metallurgical Research, Chrys- 
ler Corp., Detroit, Mich. 

3 The boldface numbers in parentheses re- 
fer to the list of references appended to this 
paper, see p, 408. 


4 


during heat treatment. The specimens 
were torsion test bars as described in 
reference (11). Heat treatment was ac- 
complished in a muffle furnace provided 
with a cracked-gas atmosphere. The air- 
gas ratio was held at 3:1 at the cracker 
so that as nearly neutral a furnace atmos- 
phere as possible was obtained. All 
specimens were austenitized for 1 hr 
and quenched in agitated oil. Tempering 
was done in a pot-type circulating air 
furnace, and the bars were air cooled 
after removal. 


ELECTRON MICROGRAPHIC TECHNIQUE 


Examination was made of cross-sec- 
tions cut from cylindrical areas between 
the shanks of torsion bars. The bars were 
submerged in the coolant while the cut- 
ting was performed by an abrasive wheel. 
To prevent further structural change, 
those bars tempered in the 200 to 350 F 
range were not mounted in bakelite 
but were clamped mechanically. Like- 
wise, polishing of these specimens was 
done with care, using coolants to prevent 
surfaces from rising above original tem- 
pering temperatures. 

Formvar replicas were taken after 
surfaces had been etched with a 4 per 
cent picral solution containing 0.1 per 
cent zephiran chloride. The replicas were 
shadowed with chromium at an angle 
of approximately 45 deg. Figures 1 to 8 
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TABLE I.—CHEMICAL ANALYSES OF STEEL SAMPLES, PER CENT. 


Steel Carbon —— Phosphorus | Sulfur Silicon |Chromium| Nickel 


SAE 4052....... .79 
SAE 4063....... 65 | 86 
SAE 4140 .92 
SAE 4340........ .73 .02 1.68 


TABLE II.—SPECIMEN HEAT TREATMENT. 


Avg. 
Austenitizing Tempering 
Specimen Tem Tempering Rockwell 
perature, Temperature, 
Number deg Fahr deg Fabr Time, hr 


SAE 2340 106 to 108 1450 950 
SAE 2340 109 to 111 1450 825 
SAE 2340 112 to 114 1450 720 
SAE 2340 115 to 117 1450 600 
SAE 2340 118 to 120 1450 400 
SAE 2340 121 to 123 1450 200 
SAE 2340 124 to 126 1450 As Quenched 


SAE 4052 22 24 1500 1040 
SAE 4052 25 27 915 
SAE 4052 28 30 1500 765 
SAE 4052 33 1500 620 
SAE 4052 36 | 1500 450 
SAE 4052 d 39 1500 200 
SAE 4052 42 1500 As Quenched 


SAE 4063 R 15 1450 1080 
re 12 1450 970 
SAE 4063 1450 830 
SAE 4063 1450 560 
SAE 4063 é 1450 440 
SAE 4063 1450 350 
SAE 4063 1450 As Quenched 


0 
.0 
-0 
.0 
-0 
.0 
.0 
-0 
5 
5 
.0 
.0 
.0 


SAE 4140 1550 
SAE 4140 1550 
SAE 4140 1550 
SAE 4140 1550 

1550 
1550 
1550 As Quenched 


SAE 4340 1550 1075 
SAE 4340 1550 950 
SAE 4340 1550 800 
SAE 4340 1550 600 
¢ 1550 450 
SAE 4340 1550 | 250 
SAE 4340 1550 As Quenched 


SAE 5150 < 1500 1175 
SAE 5150 1500 1060 
SAE 5150... { 1500 925 
SAE 5150... 1500 720 
SAE 5150 1500 500 
SAE 5150.... 1500 300 
SAE 5150 1500 As Quenched 


Molyb- 
denum 
| 0.25 
0.24 
0.19 
0.25 
0.20 
1 \ 
1 
1 
1 
1 
1g 
1 
1 
1 
1 4) 
| 119 
| 
, 
2 
2 
1 
1 | 
1 40 
1 46 
11g 60 
1 36.0 
1 44.5 
1% 
59.0 
1 29.0 
1 33.0 
r 1 39.0 
1 47.5 
1 53.0 
| 1% 60.5 
61.0 
399 
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are electron micrographs of these speci- 
mens at magnifications of 30,000 diame- 
ters. 


ELECTRON MICROSTRUCTURES 


Structures 


representative of those 


specimens tempered at 200 to 350 F are 
illustrated in Figs. 1 to 3. The tempered 
martensite needles contain many fine 
carbide particles and are outlined by 
films. The nature of these particles has 
been indicated by the work of Jack (1), 
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Hagg (2) Austin and Schwartz (3), and 
others. There is doubt as to their exact 
composition or if more than one form is 
found during tempering. Therefore, in 
this paper the generic term percarbides 
has been used. Lighter-etching areas 


for 60 min (X30 000). 


around the percarbides are regarded 
as regions of lower carbon solid solution 
as suggested by Kurdjumov and Lyssak 
(4). Films around the needles are also 
considered to be composed of percarbide, 
since, according to data presented by 
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Lement, Averbach and Cohen (5), 
cementite is not present in steels tem- 
pered at such low temperatures. Needles 
partially outlined by percarbide films are 
most clearly seen in Fig. 2. The matrix 


wil 
‘ 
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purposely overetched before replication. 
Comparison with Fig. 3 of the same speci- 
men, properly etched, indicates a very 
apparent difference in structure. It will 
be noted that when the specimen is 


. 


BE 


Fic. 2.—SAE 4140 Steel, Tempered at 250 F for 90 min (X30 000). 


material is considered to be ferrite super- 
saturated with carbon as indicated by 
Kurdjumov and Lyssak (6). No indica- 
tions of retained austenite were found in 
any of the samples examined. 

Figure 4 is an electron micrograph of 
SAE 5150 steel tempered at 300 F and 


etched too deeply, fine percarbides no 
longer appear as discrete particles. In- 
stead, an artefact network is produced. 

Typical electron micrographs of those 
specimens tempered in the 400 to 500 F 
range are found in Figs. 5 and 6. Exami- 
nation indicates that both contain two 
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sizes of carbide particles. The fine per- 
carbides appear to have been partially 
supplanted by coarser particles of ce- 
mentite. Also, percarbide films which 


4 
i 
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particles are seen in a matrix of smooth 
ferrite. Very few percarbide particles 
are noted. No significant differences are 
detected among structures of the various 


Fic. 3.—SAE 5150 Steel, Tempered at 300 F for 90 min (X30 000). 


outlined the martensite needles at lower 
tempering temperatures have partially 
changed to large, elongated, non-continu- 
ous cementite particles. 

Figures 7 and 8 are electron micro- 
graphs representative of specimens tem- 
pered at 600 F and higher. Cementite 


steels tempered under the same condi- 


tions. 


Muir (7) noted that instability in 
elastic limit-hardness data coincided 
with the formation of cementite films in 


DISCUSSION 
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the 450 to 500 F tempering range as re- 
ported by Lement (5). Muir also re- 
garded improvement in his data for 
samples tempered above S500 F as a 


250 F. However, Figures 5 and 6 show 
that these films are gradually supplanted 
by large, elongated, but discontinuous 
cementite particles at temperatures 


. 


Fic. 4.—SAE 5150 Steel, Tempered at 300 F for 90 min (X30 000). 


function of the relief of quenching and 
transformation stresses. Nevertheless, 
the present investigation has shown that 
such cementite films are not formed dur- 
ing the tempering process. Figures 1 to 
3 indicate that percarbide films are pres- 
ent at tempering temperatures as low as 


above 450 F after one hour or more of 
tempering. 

Identification of the films outlining 
martensite needles at low tempering tem- 
peratures agrees with the view of 
Kurdjumov and Lyssak (4), namely, that 
formation of percarbides can begin at 
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martensite boundaries in the 200 to 300 F 
tempering range. 

It has been pointed out by Ross in his 
discussion of the Lement paper (8) that 


the concept of three distinct stages in 
tempering has been based on tempera- 
ture only. When both temperature and 
time dependence are considered, the 
limits dividing tempering must be very 
broad, if existent at all. The authors 
agree with the concept that percarbides 


and supersaturated ferrite are inter- 
mediate products in the decomposition 
of martensite to ferrite and cementite 
during the tempering process. However, 


Figs. 1 to 3 indicate that percarbides do 
not form a continuous subgrain network 
in martensite. This is not in agreement 
with the consideration by Lement ef al, 
that the appearance and subsequent dis- 
solution of such a network is a factor in 
the process of tempering. 
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In a previous paper (9), the authors 
have referred to fine carbides in mar- 
tensite associated with bainite in end- 
quench bars as being indicative of a 
subgrain structure. Refinements in me- 


preparation and regions of lower carbon 
solid solution have led to identification 
of an artifically produced network and 
its incorrect representation as a mar- 
tensite subgrain structure. 


Fic. 6.—SAE 4340 Steel, Tempered at 450 F for 60 min (X30 000). 


tallographic techniques have resulted 
in electron micrographs which indicate 
that subgrains do not exist in tempered 
100 per cent martensite nor in partially 
transformed areas of hardenability bars. 
Effects caused by improper surface 


The importance of sample preparation 
in electron metallography cannot be 
emphasized too highly. The extremely 
fine-tempered martensite structures will 
not be revealed properly unless great 
care is taken that every trace of dis- 
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turbed metal is removed by etching. 
Further, to prevent misrepresentation 
of the actual structure, the etch must 


be only of sufficient depth to delineate 


the particles. As reported by Subcom- 
mittee XI of ASTM Committee E-4 
(10) and as is indicated in Figs. 3 and 4, 
shadowing effects also will mask the 
irue structure if overetching has oc- 
curred. 


temperature of tempering. 


It is of significance that the steels 
studied in this investigation, when 
tempered at the same temperature and 
for the same length of time, display the 


same microstructure. It appears that, 
while the amount of carbide particles in 
tempered martensite is determined by 
chemical composition, their size and 
distribution is a function of the time and 
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a ‘ : Fic. 7.—SAE 2340 Steel, Tempered at 600 F for 60 min (X30 000). 
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CONCLUSIONS films are supplanted by elongated and 
discontinuous cementite particles. 
onsideration of the results of this = 2. No martensite subgrain network 
investigation has led to the following 


was found in electron micrographs of 
conclusions: the samples. 


Fic. 8.—SAE 4063 Steel, Tempered at 830 F for 90 min (X30 000). 


1. Electron micrographs show that 3. No microstructural differences were 
percarbide films outline martensite detected in electron micrographs of 
needles tempered for 1 hr or more in the various steels tempered under the same 
200 to 350 F range. Above 450 F, these conditions of time and temperature. _ 
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APPENDIX II 


Veo. 


The method described below was used 
for the investigation of steel samples 
furnished by Subcommittee XI on 
Electron Microstructure of Metals of 
ASTM Committee E 4. The method was 
developed by Dalitz, Schuchmann and 
| Beekhuis (1). The two main reasons for 
using a positive replica are: (1) the 
great ease with which the first silver 
replica is stripped from the etched speci- 
men and (2) the fact that a positive 
replica must necessarily give a more 
real picture. The preparation of the 
specimens before etching was done in a 
conventional way. 


PREPARATION AND ETCHING + 


The rather thin specimens were 
mounted on bakelite with the aid of 
perspex. After grinding on the finest 
| paper, polishing was initially accom- 
plished by means of chromium oxide, 
followed by alumina, alternated by nital 
etchings. The etching was generally 
done in a solution of 4 per cent picric 
acid in ethyl alcohol containing a small 
quantity of zephiran chloride. It was 
found that very frequently the results 
of etching were improved when the 


* Presented at a meeting of Subcommittee XI 
on Electron Microstructure of ASTM Committee 
E-4 on Metallography, Atlantic City, N. J., June 
19, 1956. 

'E. M. Div., Technical 
T.N.O.-T.H., Delft, Holland. 
* Metaalinstituut, T.N.O., Delft, Holland. 

*The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 414, 
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A METHOD FOR MAKING POSITIVE REPLICAS AND THE 
PREPARATION OF STEEL SPECIMEN FOR 
ELECTRON MICROSCOPY* 


By J. B. LE Poore! anp F. WIjJk? 


picric acid and -the alcohol were thor- 
oughly dried beforehand. The use of 
zephiran chloride made the specimens 
much cleaner. After etching, the speci- 
mens were washed and dried according 
to Sequence A given in the Appendix to 
the First Progress Report of Sub- 
committee XI.‘ 

In a few cases the etching was not 
quite satisfactory, and improvement 
was obtained by adding some more 
zephiran chloride or a little water, and 
in exceptional cases, etching was done 
in 2 per cent nital with zephiran chloride. 
In the last instance pure dry ethyl 
alcohol was used as well for making the 
etching solution, and the specimen was 
cleaned by stripping a collodion film 
from it at least twice. 


THE NEGATIVE SILVER REPLICA ; 


The technique of evaporating silver 
on to the specimen in a vacuum of 10~* 
mm mercury is shown schematically in 
Fig. 1. The silver is melted in a small 
conical crucible. This crucible is made 
by winding a tungsten wire to shape, 
bright annealing the wire in a vacuum of 
less than 10-? mm mercury, and then 
coating it with alundum cement.*® The 
alundum is mixed with acetone to form 
a paste which is applied with a brush to 
the coiled wire until a nice smooth 
crucible is formed. The crucible is heated 


4 Proceedings, Am. Soc. Testing Mats., Vol. 


50, p. 490 (1950). 


° The Morgan Cucible Co., Ltd. 
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several times in a vacuum of 10-* mm 
mercury to make it resistant to tempera- 
ture up to 2900 F (1600 C). For regular 
use in evaporating silver at about 1830 F 
(1000 C), a useful life of 4 to 6 months is 
normal for these crucibles. It takes about 
2 hr to manufacture such a crucible. 


Fic. 1.—Schematic Setup for Evaporation of 
Silver. 


The specimen is mounted, with the 
etched surface down, in such a way that 
it can swing freely at a height of about 
4 in. above the crucible. The conical 
shape of the crucible helps to concen- 
trate the rays of silver atoms in the di- 
rection of the specimen. Regular rocking 
of the specimen results in an evenly 
distributed layer of silver that follows 
exactly all irregularities of the specimen. 
If the heat is not carried off quickly 


4 = 


enough from the specimen, it is neces- 
sary to apply the silver layer at inter- 
vals to prevent the development of a 
structure in the silver (2). Generally in 
two periods of 3 min each a silver 
replica of about 7 yw thickness was ob- 
tained. Figure 2 gives a picture of the 
setup under the vacuum jar. 


THE PositTIvE CARBON REPLICA 


After the specimen has been taken 
out of the vacuum jar, the silver replica 


Fic. 2.—Evaporation of Silver for First Replica. 


is easily stripped and mounted on a glass 
plate with the aid of some small pieces 
of cellotape. Formerly, the carbon rep- 
lica was obtained by a glow discharge 
in xylene vapor, but for the past year 
Bradley’s method (3) has been used. 
In this two carbon electrodes of 0.2 in. 
diameter, one with a sharp point and 
one flat, are pressed together by a spring 
and the silver replica is mounted verti- 
cally. The setup under the vacuum jar is 
shown in Fig. 3. Several pulses of a strong 
electric current blow off an amount of 
carbon which can be estimated as fol- 
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Fic. 3.—Evaporation of Carbon for Second 
Replica. 


lows. A flat piece of white porcelain or 
opal glass on which a drop of high 
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vacuum oil (silicon oil) is applied serves 
as an indicator. Since the carbon does 
not settle on the oildrop, a contrast can 
be seen as soon as the carbon layer on 
the porcelain reaches a thickness of 
about 100 A. 

The replica is removed from the 
vacuum jar when enough carbon has 
been deposited, and is then cut into 
pieces of the size of a Kodak copper grid. 
The pieces are placed, carbon side up, 
on the surface of a solution consisting of 
40 parts by volume of concentrated 
nitric acid in 60 parts by volume of dis- 
tilled water. To make sure that the silver 
is completely dissolved, the carbon rep- 
lica not disturbed by surface stresses, 
and to clean the replica from all traces of 
nitric acid solution, the following se- 
quence of baths is used: 

10 min in 40 vol per cent nitric acid _ 

10 min in concentrated nitric acid 

some seconds in 30 vol per cent nitric 

acid 
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SILVER 


Fic. 6.—Parlodion Backing of Carbon Replica 


5.—Shadow-casting. 


Fic. 7.—Cold-Drawn Patented Steel Wire ( 8000). 
Note: Close-up after being reduced one-half. 
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10 min in distilled water 

5 min in distilled water 

Figure 4 shows the baths and equip- 
ment. It is evident that the nitric acid 
and distilled water used should be free 
of Cl- ions. After washing in distilled 
water, the carbon replicas are mounted 
on Kodak supporting grids.*® 


SHADOW-CASTING 


The positive carbon replicas, mounted 
on a supporting grid, are shadowed with 
tungsten oxide in the following manner. 
A tungsten wire is bright annealed in 
vacuum and then heated several times 
for about 10 sec in air to a dull red. After 
cooling, the degree of oxidation can be 
judged by the color of the wire (a citron 
yellow color is preferred). Having ob- 
tained this color, the amount of oxide 
on the wire is such that, if evaporated 
completely, it produces a convenient 
degree of shadowing. Generally the setup 
in vacuum, as shown in Fig. 5, is chosen 
so as to shadow the specimens under an 
angle of 45 deg. 


CONCLUSIONS AND EXAMPLES 
The total time between final etching 


® Made by Smethurst 
Bolton, U. K. 


High-Light, Ltd., 


and replicas ready for use in the electron 
microscope is about 2} hr. The method 
described above does not take much more 
time than does the preparation of shad- 
owed negative replicas. An important 
advantage of using a final carbon replica 
is that it has a good resistance against 
heating by the electron beam, as does the 
tungsten oxide used for shadow-casting. 
If the carbon replica is not very thin the 
contrast may, at places with steep 
slopes, be even too great and an effect 
known as “snow-caps”’ results. In such a 
case improvement may be obtained by 
a method given by Beekhuis consisting 
of backing the carbon replica with a 
layer of parlodion in the manner sche- 
matically shown in Fig. 6. An electron 
micrograph resulting from a_ replica 
prepared in that way is shown in Fig. 7. 
It shows the microstructure of cold- 
drawn patented steel wire. That, in 
general, good micrographs can be ob- 
tained without a backing film is shown in 
Figs 8 and 9. Figure 8 gives the micro- 
structure of high-carbon high-chromium 
tool steel in the hardened condition and 
Fig. 9 shows subboundaries and stlip- 
lines in mild steel compressed 6 per cent 
after etching electrolytically. 
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In conjunction with studies by Sub- 
committee XI of ASTM Committee E-4, 
on AISI 4140 steel (see committee report 
in this volume) an examination of bainite 
formation in this alloy was undertaken. 
The technique used was that of therm- 
ionic emission microscopy; the aim 
was to provide data that could be later 
correlated with information derived 
from other independent techniques. 


DESCRIPTION OF THE METHOD 


, Thermionic emission microscopy has 

been described by Burgers and Ploos van 

' Amstel (1)? and by Heidenreich (2). 

Briefly, the specimen is made the source 

of electrons in an electron microscope. 

Emission current density is a function 

of the work function and the specimen 

temperature. The former, in turn, de- 

pends on the orientation of the crystal- 

) line lattice at the specimen surface and 

F on the surface activation. Since the 

orientation varies from grain to grain, 

the grains can be distinguished by their 
brightness variations. 

Two electromagnetic lenses are used 

to image the specimen on a fluorescent 


* Presented at a meeting of Subcommittee XI 
on Electron Metallography of ASTM Commit- 
tee E-4 on Metallography, Atlantic City, N. J., 
June 19, 1956. 

1 Philips Electronics Inc., Mt. Vernon, N. Y. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


APPENDIX III 


OBSERVATIONS OF BAINITE FORMATION WITH THE 
THERMIONIC EMISSION MICROSCOPE* 


By Irwin I. BEssEN! 


screen or 35-mm fine grain positive film. 
Pictures can be taken at intervals of 
one second or more. 

The steel specimen was cut into a disk 
7s in. in diameter by about 0.02 in. thick. 
It was then spot welded to the end of a 
nickel cylindrical shell so as to form a 
cup with the specimen at the bottom. 
A 6-w.tungsten heater positioned inside 
the cup served to heat the specimen by 
radiation. 

Cooling was achieved primarily by 
radiation at an average rate of 90 F per 
sec. The temperature scale, determined 
previously on similar specimens of a 
high-purity eutectoid steel by observing 
the transformation temperatures, was 
accurate to within 40 deg. 


TRANSFORMATION AT 950 F 


Figure 1 shows the specimen is aus- 
tenite at about 2370 F. The surface 
roughness which may be noted is the 
remaining evidence that plastic deforma- 
tion has occurred on two previous aus- 
tenite to bainite transformations. The 
originally polished surface shows the 
upheaval of the previously existent 
bainite needles. The white specks are 
oxidized barium activator particles. 

Figures 2 to 6 were taken 10, 25, 28, ; 
31, and 37 sec, respectively, after dropping 
the heater current. Figure 2, at a tem- 
perature greater than 950 F, shows that 
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grains A and B have been invaded by 
their surrounding grains, and grain A 
appears to be forming a plate-like pre- 
cipitate. One set of platelets is directed 
the same as the austenitic twin. This 
austenite boundary migration was noted 
by Rathnau and Baas (3) who explained 
that the invaded grain has a high strain 
energy such that the more stable sur- 
rounding grains migrate their boundaries 
into the high energy region. If this is the 
case here, then the plate-like precipitate 
probably forms on a slip plane of the 
austenite. 

Nucleation of bainite needles at bound- 
aries and inhomogeneities appears at 
a later time than nucleation of the plate- 
lets (see Fig. 3). These needles seem to 
grow axially at a rate lower than the 
axial growth of the platelets, and higher 
than their own lateral growth (see Figs. 3 
to 6). The platelets, once having gen- 
erated to their full length, broaden there- 
after. In all cases, the needles assume 
definite directions and do not cross grain 
boundaries. A maximum of four direc- 
tions in any one austenite grain has been 
observed for the needle growth, and 
coupled with the fact that growth occurs 
parallel to the twinning planes, where 
twins are found, it appears that the fam- 
ily of planes of bainite propagation is 
the (111) set. 

If the growth rate of the needles occurs 
by a diffusion process as one might expect 
(bainite discharging carbon into the 
austenite ahead of it and this diffusing 
away), the observed growth rates are 
not typical because surface diffusivity is 
greater than lattice diffusivity. Just how 
much of the detectable bainite grows 
along the surface and how much is grown 
primarily from under the surface is open 
to question. In any case, the propagation 
of the platelets at 950 F appears to be 


about five times greater than the axial 
growth of the needles. 


TRANSFORMATION AT 800 F 


We were not able to photograph bain- 
ite formed at 800 F, although its very 
rapid nucleation and growth have been 
observed. Almost all such bainite formed 
in platelets. Initially, the platelets ap- 
peared to propagate in a parallel array 
from one side of the grain towards the 
opposite side. When the platelets were 
more than half way across the grain, 
each platelet seemed to send out branches 
in a specific direction, branches from all 
original platelets being parallel. The 
result was the “feathered” structure 
typical of lower bainite. 


TRANSFORMATION AT 1025 F 


At 1025 F, very little bainite was ob- 
served. However, a sequence of two 
bainite needles growing slowly in the 
austenite was noted. These are shown in 
Figs. 7 to 12, in which most of the prod- 
uct phase is proeutectoid ferrite. One 
sees that the axial and lateral growths 
occur simultaneously here (though at 
different rates), and when the white 
needle reaches the grain boundary, it 
nucleates in the adjacent grain. The 
growth does not continue undeviated 
across the boundary as it does for pearl- 
ite (3), but it assumes a specific direction 
in the adjacent austenite grain. 


APPEARANCE OF CARBIDES 


Carbide formation in its earliest stages 
was not seen because of insufficient 
resolution. Carbides are first seen to ap- 
pear two to three seconds after the bain- 
itic needle forms. Figures 13, 14, and 15 
show a sequence of bainite formation in 
which carbides can be seen. It is also 
possible to detect the prior austenite 
grain boundaries. It is seen that most of 
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the carbides are oriented along the direc- 
tion of a needle axis. Most of the other 
carbides are oriented in the direction of 
other needles in the same austenite grain. 


nite planes. This mechanism is_ the 
predominant one at low reaction tem- 
peratures. 

4. Growth of the bainite needles ap- 


Fic. 15.—Further Bainite Growth After Holding Isothermally at 900 F for 40 sec (X 800). 
Reduced one half in reproduction. 


SUMMARY 

1. Austenite is plastically strained. 

2. Some austenite grains invade cer- 
tain other grains early in the cooling 
process, probably at the higher tempera- 
tures only. 

3. Certain austenite grains show plate- 
let precipitation and growth along defi- 


pears to occur by a diffusion mechanism 
at higher reaction temperatures. The 
axial growth is more rapid than the lat- 
eral growth and is directed in a definite 
plane. Growth may propagate to an ad- 
jacent grain of austenite after under- 
going a change in direction. 
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DISCUSSION 


The observations suggest the follow- 
ing: 

1. Lattice strain in austenite is a pre- 
requisite for bainite formation. Bainite 
may exist, as distinguished from pro- 
eutectoid ferrite and cementite, because 
the austenite grains of lower energy can- 
not accommodate the highly strained 
regions by boundary migration at lower 
temperatures. 

2. The driving force for bainite forma- 
tion has two components: the lattice 
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strain and the chemical or solubility 
driving force. Both depend on the reac- 
tion temperature. In low-temperature 
reactions, the strain is high, diffusion is 
low and a platelet structure appears, 
typical of lower bainite. In higher tem- 
perature reactions strain is lower but 
still exists; diffusion is rapid. 

3. Whether super-saturated ferrite 
forms first, subsequently throwing out 
carbide to form bainite, or whether fer- 
rite and carbide precipitate together 


cannot be determined from these obser- 
vations. 
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APPENDIX IV 


_ ELECTROPOLISHING OF FERROUS METAL SPECIMENS FOR 


ELECTRON 


In the electrolytic method of polishing, 
the metal specimen is made the anode of 
an electrolytic cell, and the surface ma- 
terial is removed by electrochemical ac- 
tion under conditions such that the sur- 
face becomes smooth. Ideally the method 
should be well suited for electron metal- 
lography since a surface can be prepared 
which is entirely free from the mechani- 
cal disturbances associated with cutting, 
grinding, and mechanical _ polishing. 
However electropolishing may be subject 
to experimental limitations with the 
result that mechanical polishing has been 
used much more extensively. The pos- 
sible limitations are as follows: 

1. Electrolytes may be dangerous to 
handle. 

2. The surface may be etched as a re- 
sult of electropolishing. 

3. Results may not be reproducible 
(this is related to 2 above). 

4. Elaborate equipment may be re- 
quired. 

5. Time required to obtain a suitable 
polish may be too long. 

6. The surface may be wavy rather 
than flat. 


* Presented at a meeting of Subcommittee XI 
on Electron Microstructure of ASTM Commit- 
tee E-4 on Metallography, Atlantic City, N. J., 
June 19, 1956. 

+ Published by permission of the Acting 
Deputy Minister, Dept. of Mines and Technical 
Surveys, Ottawa, Ont., Canada. 

1 Physical Metallurgy Div., Mines Branch, 
Dept. of Mines and Technical Surveys, Ottawa, 
Ont., Canada. 
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A particular electrolyte may not be 
applicable to all ferrous alloys. 

8. Inclusions may be pitted out and 
cracks exaggerated. 

In order to find a method of electro- 
polishing which minimized the above 
limitations an investigation of the 
various electrolytes that have been rec- 
ommended for ferrous specimens was 
undertaken, excepting those solutions 
involving perchloric acid which were 
considered somewhat hazardous for 
general laboratory use. Of the various 
electrolytes investigated, all except one 


‘ produced surfaces in an etched condition. 


Such etches are generally variable and 
highly undesirable for electron metallog- 
raphy where precise control of etch 
depth is essential for optimum results. 
The chromic acid - acetic acid electrolyte 
recommended by Morris (1)? is the excep- 
tion mentioned above. This method pro- 
duced surfaces which were practically 
etch free and hence the etch depth could 
be carefully controlled in a subsequent 
operation. Limitations 1 to 6 above are 
negligible when this electrolyte is used, 
since, in addition to producing a high 
polish, relatively simple equipment may 
be used, polishing times are reasonable, 
surface waviness is slight, and the 
method is applicable to a wide variety 


2 The hebiines numbers in parenthesis refer 
to the list of references appended to this paper, 
see p. 435. 
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BOSWELL ON ELECTROPOLISHING 


of ferrous alloys and microstructures. 
Since limitations 7 and 8 are only of 
significance in special cases, the method 
appears to be very suitable for most fer- 
rous electron metallography. In this 
paper the method is outlined, and results 
of an electron microscopic examination 
of electropolished surfaces of several 
typical ferrous microstructures are pre- 
sented. 


EXPERIMENTAL METHOD 


Our method is an adaptation of that 
recommended by Morris (1). The com- 


| 60 RPM MOTOR 


> DOUBLE WALL GLASS VESSEL 


<+— COOLING WATER IN 
STAINLESS STEEL CATHODE 
Fic. 1.—Diagrammatic Sketch of Electropol- 
ishing Apparatus. 


position of the electrolyte is as follows: 


Glacial acetic acid (99.5 per cent by 


weight 133 ml 


The chromium trioxide will take several 
hours to dissolve at room temperature 
and solution may be hastened by heating 
the mixture in a bath at 60 to 70 C. The 
paper of Morris (1) should be consulted 
for details and precautions on mixing the 
electrolyte. The apparatus used is shown 
in Fig. 1. The specimen is first ground on 
the usual metallographic papers down to 
a 000, and is then mounted in the spring 
clip so that the ground surface is parallel 
to the cathode. The electrolyte should be 
kept within the temperature range of 
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17 to 20 C during use. Spacing between 
the specimen and the cathode should be 
approximately { in. It has been found 
that an operating voltage of 17.5 v and 
a current density of about 0.40 amp per 
sq cm gives good results with polishing 
times of 5 to 10 min. As soon as it is re- 
moved from the electrolyte, the specimen 
is rinsed in a 50:50 acetone: methyl 
alcohol solution and dried from benzene. 
After drying, the surface of the metal is 
very reactive and should be etched im- 
mediately. 

The electrolyte deteriorates during 
use and generally lasts about one week. 
An exhausted electrolyte will result in a 
poorly polished surface or in difficulty in 
etching apparently arising from a passi- 
vating surface film. This condition in the 
electrolyte appears quite suddenly and 
as soon as it is detected the solution 
should be discarded. 


EXPERIMENTAL RESULTS 


In Figs. 2 to 6 comparison replicas are 
shown of five typical ferrous microstruc- 
tures in the “as polished” and etched 
conditions. Etching was carried out in a 
fresh solution of 1 per cent picric acid in 
methanol. Replicas were made of 0.5 per 
cent parlodion in amyl acetate, unless 
otherwise noted, and backed with a 
thick film of “Elvanol.” All replicas were 
shadowed with chromium. 

Figure 2 shows electron micrographs 
of coarse pearlite in a plain carbon eutec- 
toid steel. In Fig. 2(a), the carbide 
lamellae are in relief by somewhat less 
than 100 A and appear smooth to better 
than 100 A. In Fig. 2(b) the etch depth 
is about 300 A. The slight relief remain- 
ing after electropolishing is thus negli- 
gible compared to the etch depth nor- 
mally used for electron metallography. 
In Fig. 3 are seen electron micrographs 
of eutectoid steel specimens partially 
transformed to lower bainite at 570 F 
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(b) Etched, 0.75 per cent parlodion replica. 
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(a) As polished, 0.5 per cent parlodion replica. 
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and then quenched. In Fig. 3(a) the 
martensitic region is smooth to about 
100 A and there is a barely detectable 
relief effect associated with the carbide 
particles in the bainite needles. As in the 
above case the etch depth in Fig. 3(a) is 
negligible compared to that in Fig. 3(6). 

Electron micrographs of AISI 4140 
steel transformed 5 hr at 900 F (ASTM 
Subcommittee XI of E-4 specimen No. 
56) are presented in Fig. 4. In Fig. 4(a) 
the relief is so slight that the structure 
is barely visible. Figure 5 shows electron 


TABLE I.—COMPARISON OF ADVANTAGES AND DISADVANTAGES OF 
MECHANICAL AND ELECTROLYTIC POLISHING USING 
A CHROMIC-ACETIC ACID ELECTROLYTE. 


polishing. In any case it is not detected 
after etching (Fig. 6(6)). Although the 
individual undulations of the “orange 
peel” structure are 300 to 400 A in 
lateral dimensions, the variation in ele- 
vation appears to be less than 100 A. 
We therefore feel that structural detail 
on the 100 A level should be detectable 
in electropolished and lightly etched 
ferrite. 

Figure 7 is an attempt to indicate the 
reproducibility that may be attained 
with this method of surface preparation. 


Factor Considered 


Mechanical Polishing 


Electrolytic Polishing 


Surface micro-smoothness................ Smooth Very slight etch may oc- 
cur 

ee ...| Very flat Some waviness 

a re Disturbed layer of vari- | Surface not disturbed 
able thickness 

Etching characteristics.................. May depend upon worked | Uniform 
layer 

perienced required 

15 min 10 to 15 min 


micrographs of the same steel (ASTM 
Subcommittee XI of E-4 specimen No. 
59) after transforming for 1 hr at 400 
F. After polishing (Fig. 5(a)) only a 
slight background roughening at the 100 
to 200 A level is visible. 

In Fig. 6 are shown electron micro- 
graphs of high-purity alpha iron con- 
taining 0.01 per cent carbon. The speci- 
men was quenched and aged at 392 F for 
2 hr. In Fig. 6(a) it will be seen that the 
surface has the “orange peel” structure 
that may also be noted on some of the 
preceding micrographs, and the carbide 
platelets may be detected in relief. The 
“orange peel” effect may be a roughness 
of the metal itself or it may be the struc- 
ture of a film resulting from electro- 


Three specimens of fine pearlite in eutec- 
toid steel were electropolished and 
etched for 20 sec in a fresh solution of 1 
per cent picral in methanol. Replicas 
were prepared from 0.75 per cent par- 
lodion in amyl acetate. It may be seen 
that the etch depth is nearly identical on 
each specimen. 


DISCUSSION 


The results published in the reports of 
Subcommittee XI of Committee E-4 have 
demonstrated that careful mechanical 
polishing by skilled metallographers 
is suitable for electron metallography 
of a wide variety of microstructures 


found in eutectoid steel. However, 
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mechanical polishing has the inherent 
disadvantage that it leaves a cold-worked 
layer at the surface which may deform 
the microstructure. In practice, this 
layer is made thinner and thinner by 
alternate polishing and etching until the 
final very thin layer of disturbed metal 
is removed in the final etch. The depth of 
the final disturbed film of metal depends 
to some extent both upon the specimen 
hardness and the skill of the metallog- 
rapher, but it appears that for micro- 
structures occurring in eutectoid steel an 
etch depth of 200 to 300 A is sufficient 
to remove the disturbed metal in a 
properly prepared specimen (2). In gen- 
eral the etch depth must be less than the 
largest dimension of the precipitate 
particles under examination. Hence as 
replica techniques are improved to pro- 
vide better contrast and resolution it 
appears that lighter etching will be em- 
ployed for the examination of very fine 
precipitate particles, and mechanical 
disturbance of the surface layer will be- 
come increasingly undesirable. The 
problem is accentuated for very soft 


(1) C. E. Morris, “Electropolishing of Steel in 
Chrome-acetic Acid Electrolyte,” Metal 
Progress, Vol. 56, p. 696 (1949). 


(2) W. L. Grube and S. R. Rouze, “Specimen 
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specimens. It is therefore likely that elec- 
trolytic methods of specimen prepara- 
tion will be used more extensively in the 
future. A summarized comparison of the 
two methods of polishing is given in 


Table I. 
CONCLUSIONS 

1. The chromic acid - acetic acid elec- 
trolyte proposed by Morris (1) is suitable 
for the preparation of plain carbon steels, 
low alloy steels (AISI 4140) and alpha 
iron for electron metallography. 

2. In the coarser microstructures there 
may be a slight etch present after elec- 
tropolishing, but the depth of the etch 
is always much less than that suitable 
for electron metallography. 

3. Some structures, after electropolish- 
ing, possess an ‘‘orange peel”’ structure. 
It is unlikely that this effect would inter- 
fere with detection of structural details 
in the 100 A range after suitable etching. 

4. Reproducible results are obtained 
when the specimen is etched immediately 
after electropolishing, provided that the 


electrolyte is not too old. 


REFERENCES 


Polishing Techniques for Electron Metal- 
lography of Steel,’ Symposium on Tech- 
niques for Electron Metallography, Am. Soc. 
Testing Mats. (1954). (Issued as separate 
publication ASTM STP No. 155.) 
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COMPARISON OF SURFACE 


By L. S. Birks! anp R. T. Seat! 


In studying phase transformations by 


_ high-temperature X-ray diffraction or by 


the thermal emission electron micro- 
scope, one should know how well the 
transformation near a free surface 
approximates the transformation taking 
_ place in the volume of the material. For 


instance, the difference in physical con- 


straint near the surface may affect some 
reactions such as bainite or martensite. 
This paper represents a preliminary com- 
_ parison of the surface and volume bainite 
_ transformations in two alloy steels. 


EXPERIMENTAL RESULTS 


Table I shows the composition of the 
two alloy steels. Both of them have 
bainite transformation regions that ex- 
tend over several hundred degrees 
Fahrenheit. Replicas for the electron 
microscope were prepared from speci- 
mens that had been heat treated in 
vacuum in the high-temperature X-ray 
diffractometer previously described by 
one of the authors.’ Prior to the heat 
treatment, the specimens were polished 
metallographically so that the free sur- 


* Presented at a meeting of Subcommittee 
XI on Electron Microstructure of ASTM Com- 
mittee E-4 on Metallography, Atlantic City, 
N. J., June 18, 1956. 

1 Electron Optics Branch, Optics Div., U. 8. 
Naval Research Lab., Washington, D. C. 

2L.S. Birks, Review of Scientific Instruments, 
Vol. 25, p. 963 (1954). 
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face could be observed after transforma- 
tion. 


Nickel-Chrome Steel: 


First consider the appearance of the 
unetched surface; in general it is rough- 
ened due to plastic yielding during trans- 
formation. Figure 1 shows the surface of 
the nickel-chromium steel that had been 
isothermally transformed at 850 F for 
5 min to give bainite. The prior austenite 


TABLE I.—ALLOY COMPOSITION, 
PER CENT. 


leic|,8| 8148) 
Designation 
Nickel-Chromium | 


grain boundaries are apparent along with 
fine parallel lines that have a terraced 
appearance but are obviously not slip- 
lines because of their curved nature. 
It should be noted that there is no recog- 
nizeable bainite structure in the sense 
that no carbides are visible. This means 
that in the emission electron microscope, 
the appearance of carbides is due to 
difference in work function rather than 
physically outlined carbide particles. 
That the bainite structure exists at the 
surface is illustrated in Fig. 2 (a) wherein 
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(a) Surtace. 


a light chemical etch has been applied 
to the specimen of Fig. 1. Figure 2 (0) is 
the same specimen again after removal of 
the surface. From the similar size and 
distribution of carbides in Figs. 2 (a) and 
(b) it is concluded the bainite transforma- 
tion at the surface is similar to that below 
the surface. Small patches of martensite 
are visible in both 2 (a) and(d). 

Figures 3(a) and (b) represent the 
surface and volume of the same steel 
transformed to bainite by continuous 
cooling at 1 F per sec from 1100 F after 
austenitizing at 1600 F. Again the ap- 
pearance of the carbides is the same at 
the surface and in the volume of the 
material. 

On some areas of the samples of Figs. 
2 and 3 the martensite patches had a 
slightly different appearance at the sur- 
face and in the volume of the material. 
A sample of the same steel was isother- 
mally transformed for 5 min at 1200 F to 
give about 30 per cent ferrite and then 
cooled quickly to make the remainder 
martensite. Figures 4(a@) and (b) show 
the surface and volume of this specimen: 
the smooth areas are ferrite. Although 
the shape and distribution of the marten- 
site areas is about the same, the fine 
structure within the martensite is dif- 
ferent at the surface than in the volume. 
This is not too surprising since the shear 
mechanism by which martensite is 
formed is the most likely mechanism to 
be affected by the different physical 
constraint at the surface. No interpreta- 
tion of the different appearance has been 
attempted as yet. 


4140 Steel: 


Similar experiments were made with 
4140 steel from the same heat as used by 
Subcommittee XI for the 5th Progress 


af 
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Report.’ Figures 5(a) and (6) show the 
surface and volume of bainite formed by 
continuous cooling at 3 F per sec from 
800 F after austenitizing at 1800 F. At 
this rate of cooling most of the bainite 
was formed between 800 F and 700 F. 
Not only are the surface and volume 
similar in appearance, but the size and 
distribution of the carbides is very much 
like that in the committee specimen 
No. 49 isothermally transformed at 
700 F. Figs 6(a) and (6) show the surface 
and volume of a specimen transformed 
by continuous cooling at 3 F per sec 
from 900 F. Most of the bainite was 
formed between 900 and 800 F. Again 
the surface and volume are similar and 
very much like the committee sample 


No. 47 isothérmally transformed at 
900 F. 
CONCLUSIONS 

Several conclusions may be drawn 
from the results shown above. First, for 
both the AISI 4140 and the Nickel- 
Chromium alloys, the bainite at the 
surface and in the volume of the material 
was indistinguishable. Furthermore, it 
seemed unimportant whether it was 
formed isothermally or by continuous 
cooling as long as transformations in the 
same temperature region were com- 
pared. Second, there seems to be some 
difference in the martensite on the sur- 
face and in the volume of the material, 
but the difference is not easily inter- 
preted. 

At least in the bainite region, it ap- 
pears that results from high-temperature 
X-ray diffraction and from thermal emis- 
sion electron microscopy (both of which 
utilize the free surface of a specimen) can 
be interpreted without error. 

3 Fifth Progress Report of Subcommittee XI 


of ASTM Committee E-4. Proceedings., Am. Soc. 
Testing Mats., Vol. 57 (1957). 
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APPENDIX VI 


CHEMICAL POLISHING OF STEEL FOR ELECTRON METALLOGRAPHY* 


By Ronatp L. Scott! 


The search for better and simpler 
methods of surface preparation of metals 
. to be replicated for electron metallog- 
raphy is always continuing. The conven- 
tional mechanical polishing techniques 
are very satisfactory for most steels and 
a good deal of work has been done, both 
independently and cooperatively (1, 2, 
3, 4),2 using mechanical polishing meth- 
ods. However, at various times the ques- 
tion has arisen as to whether mechanical 
polishing cold works the surface metal 
and underlying layers sufficiently to 
cause microstructural changes, particu- 
larly in low-temperature isothermal 
transformation structures and in as- 
quenched and low-temperature tempered 
structures. Some of the difficulties en- 
countered by members of Subcommittee 
XI in their study of low-temperature 
tempered martensite tend to confirm this 
suspicion. The work of Beu and Kois- 
tinen (5) on the effects of metal removal 
also indicate that microstructural 
changes can be induced by mechanical 
polishing. 


PRELIMINARY CONSIDERATIONS 


A number of solutions are known to 


on Electron Microstructure of ASTM Committee 
E-4 on Metallography, Atlantic City, N. J.. June 
19, 1956. 

1 Research 
Detroit, Mich. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 457. 


Staff, General Motors Corp., 


polishing. However, some of these solu- 
tions could be dangerous if improperly 
handled. In addition, a somewhat elab- 
orate apparatus is required to obtain 
optimum results and the residual etch 
left on the specimen after electropolish- 
ing was often too deep. It was, therefore, 
decided that chemical polishing should 
be investigated because of its relative 
safety and simplicity. It remained to be 
shown, however, that the residual etches 
left after polishing would not be too deep 
for electron metallography. 

An aqueous solution of oxalic acid, 
hydrogen peroxide, and sulfuric acid was 
suggested by Marshall (6, 7) in 1951 for 
chemical polishing of steels. He was 
concerned largely, however, with appli- 
cations of this process to commercial 
smoothing operations and for surface 
preparation prior to electrodeposition. A 
report on the use of this solution for light 
metallography and production quality 
control has been made by Sachs and 
Bunton (8) in England. 

A modification of Marshall’s solution 
which excludes the sulfuric acid was 
recommended by Graham, Cranston, 
and Axon (9) for light metallography. 
This was the basic solution used in the 
present work and had the following 
composition: 


Oxalic acid (100 g per liter) 

Hydrogen peroxide (3 per 

Distilled water 


7 parts by volume 


10 parts by volume 
11 parts by volume 
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To evaluate the effectiveness of the 
solution for preparing metal surfaces for 
electron metallography and to develop 
confidence in our ability to interpret the 
micrographs, specimens of SAE 1087 and 
SAE 4140 steels of well-known structure 
were chosen to be chemically polished. 
These specimens have been studied in 
detail, using mechanical polishing, by 
Subcommittee XI on Electron Micro- 
structure of Metals of ASTM Commit- 
tee E-4. 


POLISHING AND REPLICA PREPARATION 


The chemical polishing sequence is, 
briefly, as follows. The mounted speci- 
mens were polished on a rotary vacuum 
lap through 0000 emery paper. They were 
then placed for varying periods of time 
in the chemical polishing solution. Fol- 
lowing this, some of the specimens re- 
quired an additional etch with picral or 
nital to develop the structure. The sur- 
face was then scrubbed with cotton 
batting soaked in soap and water, rinsed 
in alcohol, and air dried. Negative Form- 
var replicas were made and shadowed 
with chromium at an angle of 45 deg. 
The specimen surfaces obtained by 
chemical polishing were not nearly as 
smooth as specimens mechanically pol- 
ished and etched in the conventional 
manner. This caused considerable diffi- 
culty in removing good, continuous, 
strain-free replicas. Consequently, it be- 
came necessary to investigate other 
methods of replicating chemically pol- 
ished surfaces, and we have experienced 
some success with a two-step replica 
technique in which a thick plastic replica 
is used for the first step. 


EXPERIMENTAL EFFECTS 


It was observed that the solution did 
not, in general, impart a surface of high 
luster (macropolish). Polishing and 
etching occurred, however, on a micro- 
scale such that scratches were gradually 
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reduced in depth with simultaneous 
development of the microstructure. The 
softer specimens (high-temperature iso- 
thermal transformation and tempered 
structures) exhibited a satin finish, but 
the luster increased as the specimen 
hardness increased. 

As might be expected, the reaction 
rate increased as the temperature was 
raised. Some of the specimens required 
elevated bath temperatures (130 F) to 
reduce polishing time to a more practical 
value. However, it was frequently noted 
that pits were formed when the specimen 
was placed directly in the polishing solu- 
tion at high temperatures. This difficulty 
was overcome by starting with the speci- 
men in the bath at room temperature 
and gradually raising the temperature of 
the bath to the desired working value. 

The effect of changing the ratio of 
concentration of oxalic acid to hydrogen 
peroxide was also studied. A high ratio 
was usually accompanied by a greater 
dissolution rate with some improvement 
in the quality of the polish, especially in 
martensite. 

The composition of the steel also has a 
marked effect upon rate of attack. In 
general, the SAE 1087 steel was polished 
more easily than the SAE 4140 steel. In 
both steels, the high-temperature prod- 
ucts, both tempered and isothermally 
transformed, showed sufficient residual 
etch after polishing such that no further 
etching in the usual manner was neces- 
sary. On the other hand, the low-tem- 
perature isothermal transformation prod- 
ucts and the low-temperature tempered 
specimens required an additional etch 
after chemical polishing to develop the 
structure. 

One observation of particular interest 
was made during this investigation. 
Each specimen was removed from the 
polishing solution, washed, dried, and 
placed under the light microscope to 


determine extent of polishing and 
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Mechanically polished etch—FeCl;HCl: 30 sec Chemically polished residual etch 
Fic. 1.—SAE 1087 Steel—Coarse Pearlite Isothermally Transformed 1300 F—3} hr. 


Mechanically polished etch—picral Chemically polished residual etch 
_ Fic. 2.—SAE 1087 Steel—Martensite Quenched and Tempered—1 hr at 1100 F ail 
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Chemically polished etch—picral 30 sec. 


polished etch—picral 


anically 


Mech 


Fic. 3.—SAE 1087 


10 min Tempered 1 hr at 1100F. 
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Chemically polished etch—picral 30 sec. _— 


Mechanically polished etch—picral 


Fic. 4.—SAE 4140 Steel—Pearlite Isothermally Transformed 1300 F—3 hr. 
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Mechanically polished etch—picral Chemically polished etch—picral 30 sec. 
Fic. 5.—SAE 4140 Steel—Pearlite Isothermally Transformed 1100 F—30 min. 


Mechanically polished etch—picral 20 sec. Chemically polished etch—picral 4 min. 
Fic. 6.—SAE 1087 Steel—Bainite Isothermally Transformed 600 F—30 min. 
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residual etch. On several occasions when 
the specimen was again placed in the 
polishing bath, pits developed. The pits 
formed quickly and were fairly deep, 
requiring a polishing time of an hour to 


Fic. 7.—SAE 1087 Steel 


the polishing medium, pitting occurred 
at highly active points on the surface 
before the film had an opportunity to 
reform. The pitting did not occur if these 
specimens remained in the bath for a 


Martensite—as Quenched. 


Chemically polished 3 min. 


an hour and a half for removal. Appar- 
ently a protective film which forms on 
the surface of the specimen during pol- 
ishing, and constitutes a part of the 
polishing mechanism, was washed off. 
When the specimen was again placed in 


long, uninterrupted period of time. It 
then became apparent that the polish- 
ing operation had to be continuous for 
some types of steel. 

Although some specimens developed 
what appeared to be an activated sur- 


‘ 
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face in the polishing solution, all of the 
specimens investigated appeared passive 
when placed in the usual metallographic 
etchants. As a result, much longer etch- 
ing times than usual were required. For 


Test RESULTS q 
The electron micrographs shown in 
Figs. 1 to 14 will demonstrate some of the 
results that have been obtained on plain 
carbon and medium alloy steels to date. 


Fic. 8.—SAE 1087 Steel—Martensite—as Quenched. 
Chemically polished 30 sec. 


example, where 5 to 30 sec was sufficient 
to etch a mechanically polished surface, 
up to + min was required to etch the 
same specimen after it had been polished 
chemically. The reasons for these ob- 
served differences in surface reactivity 
are not understood at this time. 


In Fig. 1 comparable results on coarse 
pearlite in SAE 1087 steel are obtained 
using both methods, except as indicated 
by the micrographs, the «cementite 
lamellae in the chemically polished speci- 
men have smoother contours. 

In Fig. 2 similar results are also ob- 
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Polish—mechanical etch—2 per cent Polish—chemical etch—residual 
nital + zephiran chloride 


Fic. 9.—SAE 1087 Steel—Martensite—as Quenched. 


3 


Oxalic Acid 


Oxalic Acid = 
H.0. 


H202 
Fic. 10.—SAE 1087 Steel—Martensite—Tempered—400 F—1 hr. 
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tained on the highly tempered structures 
such as martensite tempered 1 hr at 
1100 F. The grain boundary attack, how- 
ever, is more prominent in the chemically 
polished specimen and the residual etch 


Fic. 11.—SAE 4140 Steel—Martensite—as Quenched—Chemically Polished—60 sec. 
Oxalic Acid _ 10 


H202 


is slightly deeper than would normally 
be used. It appears that it is not too deep, 
however, to preclude successful replica- 
tion of this surface. 


In Fig. 3 both specimen preparation 
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methods give parallel results on a tem- 
pered bainite structure. Here again the 
residual etch is deeper than that nor- 
mally used, but satisfactory micrographs 
canbe obtained. 


10 

In Fig. 4 the rather dramatic, three 
dimensional effect observed in the chemi- 
cally polished specimen here demon- 
strates well the undercutting of carbides 
and grain boundary delineation typical 
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of this polishing solution. The carbides 
appear to be terraced or laminated. The 
crystallographic etch apparent in the 
ferrite is interesting, if not significant. 
Structures such as this, which tend to 


tures in these micrographs of fine pearlite 
in SAE 4140 steel. 

In Fig. 6 the characteristic cross 
striated lower bainite structure is ap- 
parent in both micrographs, though per- 


Fic. 12.—SAE 1087 Steel—Martensite—as Quenched—Chemically Polished—45 sec. 
Oxalic Acid _ 10 


H2O02 


tear formvar replicas during stripping, 
have forced investigators to seek other 
replicating methods. 

In Fig. 5 the two polishing methods 
have produced almost identical struc- 


10 


haps even more evident in the chemically 
polished specimen because of grain 
boundary delineation. The difference in 
picral etching rates of the two surfaces 
should be noted. 
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itterns of as Quenched 1087 Steel. 
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It was mentioned that martensites 
tempered at 500 F or 600 F were more 
difficult to polish and etch chemically 
than those tempered at higher tempera- 
tures. It was surprising, however, to find 


Fic. 14.—SAE 1087 Steel—Fine Pearlite and Bainite 
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period of time as 30 sec still produced 
the undesirable grain boundary effect, 
though it was not so severe (Fig. 8). 
Then in accordance with the suggestion 
made by Graham, Cranston, and Axon 


I.T. 6 sec at 550 F—60 sec at 950 F 


Chemically polished—3 min. 


that specimens tempered at 250 F and 
350 F and the ‘‘as-quenched” specimens 
were attacked so rapidly that a polish- 
ing of two or three minutes was too long, 
resulting in excessive grain boundary at- 
tack (Fig. 7). Polishing for as short a 


(9), the oxalate to peroxide ratio was 
increased and the micrograph on the 
right in Fig. 9 was obtained. 

It can be observed that this specimen 
presented a reversed surface relief; that 
is, the retained austenite was etched 
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away by the chemical polishing solution, 
leaving the martensite in relief. This is in 
contrast to the effect usually observed 
when mechanical polishing is used to 
prepare this steel. During chemical pol- 
ishing this phenomenon appears to per- 
sist in martensites quenched and tem- 
pered at temperatures up to the point 
at which precipitation of epsilon carbide 
takes place. Similar relief, however, was 
reported by Ellis (10) using mechanical 
polishing on high-alloy steel. Further 
study in this range is needed in order to 
understand more fully the transforma- 
tion mechanism. 

The excessive grain boundary attack 
in the left micrograph in Fig. 10 resulted 
while trying to develop some fine struc- 
ture which is just barely visible. A change 
in oxalate-peroxide ratio concurrently 
with development of the two-stage re- 
plica technique resulted in the micro- 
graph on the right. 

Figures 11 and 12 show the as- 
quenched structures of SAE 4140 and 
SAE 1087 steels as revealed by the 
higher oxalate-peroxide ratio using the 
two-stage replica technique. Obviously, 
the residual etch is insufficient and the 
next step is to treat these surfaces with 
nital and zephiran chloride to develop 
the austenite. It is noteworthy that the 
martensite in the specimen used for Fig. 
12 did not lose its tetragonality during 
the chemical polishing operation, as 
shown by the diffraction data shown in 
Fig. 13. Neither was the retained aus- 
tenite content decreased. 

Figure 14 shows the results of using 
chemical polishing and a two-stage rep- 
lica to reveal the structure of upper 
bainite and fine pearlite. This compares 
very well with the micrographs of the 
specimen prepared by mechanical pol- 
ishing methods. 


CONCLUSIONS 


The investigations to date have de- 
veloped the following conclusions: 


1. Results thus far indicate that in- 
terpretation of electron micrographs of 
steel polished by both mechanical and 
chemical methods is similar in most cases. 

2. Study of those structures which 
exhibit reversed :clief may add to our 
present knowledge of the tempering of 
martensite. 

3. In some specimens there appears 
fine detailed structure which is not found 
in the same specimen when it has been 
mechanically polished. 

4. The simplified procedure of placing 
the specimen in a beaker of solution and 
allowing the polishing action to take 
place possesses obvious advantages over 
the mechanical techniques. 

5. The non-hazardous nature of the 
solution and the simplified apparatus 
required are not to be overlooked as 
advantages over electropolishing. 

6. The polishing solution must be 
modified for more successful use with 
some steel specimens. Further, in view 
of the effectiveness of the present solu- 
tion, other chemical polishes should be 
sought for steels and other metals as 
well. 

7. Although it was possible, with per- 
sistent effort, to replicate these surfaces 
using the negative formvar method, to 
realize in full the more deeply etched 
surfaces which this method produces, 
other replica techniques must be in- 
vestigated. 

From the results obtained so far, chem- 
ical polishing looks very favorable as a 
specimen preparation method for elec- 
tron metallography. It is not proposed, 
however, as a metallographic panacea 
though it appears to possess distinct 
advantages as an adjunct to mechanical 
polishing. As a tool in electron micros- 
copy, it is still in the early stages of 
development and it is hoped that fur- 
ther research in this area will be under- 
taken. — 


‘ 
* 

456 

‘ ‘ 

= 

| 

» - 

3 

: 

a 
ie 

4 


REFERENCES 


“Electron Microstructure of Steel,” First 
Progress Report by Subcommittee XI on 
Electron Microstructure of Steel, ASTM 
Committee E-4 on Metallography, Pro- 
ceedings, Am. Soc. Testing Mats. Vol. 50, 
p. 444 (1950). 

“Electron Microstructure of Bainite in 
Steel,” Second Progress Report by Sub- 
committee XI of Committee E-4, Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 52, 
p. 543 (1952). 

“Techniques for Ferrous Electron Metal- 
lography,” Third Progress Report by Sub- 
committee XI of Committee E-4, Proceed- 
ings, Am. Soc. Testing Mats., Vol. 53, p. 
505 (1953). 

“Electron Microstructure of Tempered 
Bainite and Tempered Martensite in Steel,”’ 
Fourth Progress Report by Subcommittee 
XI of Committee E-4, Proceedings, Am. 
Soc. Testing Mats., Vol. 54, p. 568 (1954). 


(5) Karl E. Beu and Donald P. Koistinen, 


(6) 
(7) 


(8) 


(9) 


“Some Effects of Metal Rmeoval and Heat 
Treatment on the Surfaces of Hardened 
Steels,” Transactions, Am. Soc. for Metals, 
Vol. 48, p. 213 (1956). 

W. A. Marshall, Journal, Electrodep. Tech. 
Soc., Vol. 28, p. 27 (1952). 

W. A. Marshall, Research, London, Vol. 7, 


p. 89 (1954). 


K. Sachs and J. D. Bunton, “Non-De- 
structive Metallography of Plain Carbon 
Steels,” Metallurgia, Oct., 1955, p. 205. 

L. W. Graham, J. P. Cranston, and H. G. 
Axon, “Preparation of Steel Specimens 
for Micro-Examination by a Chemical 
Polishing Technique,” Research—Supple- 
ment to Vol. 8, No. 4, April, 1955. 

A. L. Ellis, “The Electron Microscope in 
Metallurgy,” Blast Furnace and Steel Plant, 
Vol. 38, June, 1950, p. 681-686. 


Scott ON CHEMICAL POLISHING OF STEEL 457 a Pe 
: 
(3 
H 
4 
‘ 


= « 


¥ a FIRE TESTS OF MATERIALS AND CONSTRUCTION* 


Committee E-5 on Fire Tests of Ma- 
terials and Construction held two meet- 
ings during the year: on June 28, 1955, 
in Atlantic City, N.J. and on March 1, 
1956 in Buffalo, N. Y. 

The committee consists of 58 mem- 
bers, of whom 26 are classified as 
producers, 6 as consumers, and 26 as 
general interest members, with 4 con- 
sulting members. 

The election of officers for the ensuing 
term of two years resulted in the election 
of the following: _— 

Chairman, W. J. Krefeld. 

Vice-Chairman, R. C. Corson. 

Secretary, H. D. Foster. 

A draft of a fire test method using 
small size specimens, prepared by Com- 
mittee E-6 on Methods of Testing 
Building Constructions, was considered 
at the March 1956 meeting. The com- 
mittee voted to refrain from recommend- 
ing or publishing the proposed small 
scale test method principally because the 
results from such a test could be used 
intentionally or accidentally for estab- 
lishing fire resistance ratings of materials 
in place of the Standard Methods of Fire 
Tests of Building Construction and 
Materials (E 119-55) which is the 
ASTM test method for this purpose. 


TENTATIVE REVISION OF STANDARD 

The committee recommends the fol- 
lowing tentative revision of the Standard 
Methods of Fire Tests of Building Con- 
struction and Materials (E 119 - 55):' 

* Presented at the Fifty-ninth Annual Meet- 


ing of the Society, June 18-22, 1956. 
11955 Book of ASTM Standards, Part 4. 


Section 26.—Change from its present form 
to read as follows: Where the loading required 
in Section 24 is not feasible, this alternate test 
procedure may be used to evaluate the protection 
of steel beams and girders without application of 
design load, provided that the protection is not 
required by design to function structurally in 
resisting applied loads. The condition of accept- 
ance of this alternate test is not applicable to 
tests made under design load as provided under 
tests for Floors and Roofs in Sections 23 to 25. 


REVISIONS OF TENTATIVES | 7 


The committee recommends that the 
following two tentatives be revised as 
indicated and continued as tentative: 


Tentative Method of Fire Test of Door 
Assemblies (E 152 - 55 T):! 


4 (a).—Change the word 
in the next to last line to ‘“‘vi- 


Section 
“glass” 
sion.” 


Tentative Method of Fire Tests of Roof 
Coverings (E 108 - 55 T):! 


Section 4 (c).—Change the third sen- 
tence to read as follows: 


The gas supply shall be predetermined by 
trial with an auxiliary test deck covered with 
asbestos cement board to develop a luminous 
flame with a temperature of 1400 + 50 F for 
classes A and B, and 1300 + 50 F for class C 
tests as determined by a No. 14 gage chromel- 
alumel wire thermocouple. 


The recommendations in this report 
have been submitted to letter ballot of 
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the committee, the results of which will 
be reported at the Annual Meeting.” 


ACTIVITIES OF SUBCOMMITTEES 


_ Subcommittee I on Fire Tests of Ma- 
lerials and Constructions (A. L. Steiner, 
chairman) is considering the establish- 
ment of more specific requirements for 
conditioning specimens. Requirements 
in the existing Method of Test for Fire 
Tests of Building Construction and 
Materials (E 119-55) pertaining to 
restraint of wall, partition and floor 
specimens during the fire test are to be 
studied for the purpose of establishing 
specific restraint conditions more repre- 
sentative of actual construction in which 
building elements may be partially or 
entirely restrained by adjoining mem- 
bers or portions of the building. The 
need for a method of determining the 
load failure of load bearing specimens is 
still under consideration. 

Subcommittee III .on Fire Tests of Wall 
Opening Assemblies (H. D. Foster, 

? The letter ballot vote on these recommend- 


ations was favorable; the results of the vote are 
on record at ASTM Headquarters. 
' 


ve 


chairman).—A preliminary draft of a fire 
test method for windows and glass block 
has been prepared and is now undergoing 
revision in accordance with committee 
deliberations. 

Subcommittee V on Nomenclature and 
Definitions (J. R. Shank, chairman).— 
A proposed method of test for use in 
defining the term ‘‘noncombustible” as 
applied to building materials will be sub- 
mitted to ASTM Headquarters for pub- 
lication in the ASTM Buttetin for 
comment. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 58 voting members; 48 mem- 
bers returned their ballots, of whom 43 
have voted affirmatively and 0 nega- 
tively, 

Respectfully submitted on behalf of 
the committee, 

A. L. Brown, 
Chairman. 
R. C. Corson, 
Secretary. 
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REPORT OF COMMITTEE E-6 


= ON 
METHODS OF TESTING BUILDING CONSTRUCTION* 


ab 


Two meetings of the committee were 
held during the year: on June 29, 1955, 
in Atlantic City, N. J. during the Annual 
Meeting of the Society and on February 
28, 1956, in Buffalo, N. Y. during ASTM 
Committee Week. 

During the year the committee went 
through a period of critical review of 
its organization, membership, and ac- 
tivities. A revision in scope was approved 
by the Board of Directors to read as 


follows: 


To formulate methods of test for building 
(including housing) construction, including 
elements, connections and assemblies, under 
actual or simulated service conditions, ap- 
plicable to the evaluation of such factors as 
materials, design, construction and fabrica- 
tion, with special reference to the needs of 
building code and similar authorities with 
whom the committee has liaison. 


The committee activities will center 
around methods of tests pertaining to 
housing structures and will stress close 
liaison between building code authorities 
and ASTM in relation to their needs for 
standard methods of tests for building 
constructions. 

A new project, under the chairman- 
ship of H. E. Plummer, was authorized 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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to prepare test methods for determining 
the strength of masonry assemblages. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, R. F. Legget. 

Vice-Chairman, Harold Perrine. 

Secretary, R. A. Biggs. a 

Membership Secretary, J. P. Thomp- 
son. 

Eleven new members were added 
during the year bringing the committee 
membership to 67. 

In connection with the Second Pacific 
Area National Meeting of the Society 
to be held in Los Angeles, Calif., Sep- 
tember 16 to 21, 1956, Committee E-6 is 
sponsoring a Symposium on Full-Scale 
Tests on House Structures,! and, jointly 
with Committee D-7 on Wood, the com- 
mittee is sponsoring symposia on Build- 
ing Design for Seismic and Shock 
Loading, and Developments in Glued- 
Laminated and Other Wood Construc- 
tions.” 


Respectfully submitted on behalf of 
the committee, 
R. F. LEGGET, 
Chairman. 
RICHARD A. BIGGs, 
Secretary. 


1 Tssued as separate publication ASTM STP 
No. 210. 

2 Issued as separate publication ASTM STP 
No. 209. 
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REPORT OF COMMITTEE E-7 


ON 


NONDESTRUCTIVE TESTING* 


Committee E-7 on Nondestructive 
Testing met at Atlantic City, N. J., 
on June 28, 1955, in conjunction with 
the Annual Meeting of the Society. 
Several task force, subcommittee, and 
Executive Council meetings have been 
held subsequently, notably in Buffalo, 
N. Y., in February, 1956, during ASTM 
Cominittee Week. Further meetings are 
planned during the 1956 Annual Meet- 
ing of the Society. 

The committee consists of 135 mem- 
bers, plus 20 consulting members. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, J. H. Bly. 

Vice-Chairman, D. T. O’Connor. 

Secretary, Alexander Gobus. 


RECOMMENDATIONS ACCEPTED BY THE 
ADMINISTRATIVE COMMITTEE 
ON STANDARDS 


Subsequent to the 1955 Annual Meet- 
ing, Committee E-7 presented to the 
Society through the Administrative 
Committee on Standards the following 
recommendations: 
Ultrasonic Testing by the Resonance Method 

E 113-55 T). and 
Ultrasonic Testing by the Reflection Method 

Using Pulsed Longitudinal Waves Induced 

by Direct Contact (E 114-55 T). 


Tentative Recommended Practice for: 


The recommended practices appear 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


in the 1955 Book of ASTM Standards, 
Part 2, bearing the designations indi- 
cated above. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


In accordance with recommendations 
of the cognizant subcommittees, the 
committee recommends that the fol- 
lowing tentatives be continued without 
change for one more year: 


Industrial Radingraphic Terminology for Use in 
Radiographic Inspection of Castings and 
Weldments (E 52-49 T), 

Recommended Practice for Radiographic Test- 
ing (E94-52T), and 

Reference Radiographs for Inspection of Alu- 
minum and Magnesium Castings (E98 
53 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Radiographic Recom- 
mended Practice (E. A. Burrill, chairman) 
was reactivated during the year and 
assigned to the project of developing a 
document or publication correlating the 
wide variations which can occur in 
radiographic appearance of flaw and 
other images when exposure or radia- 
tion parameters or specimen thickness 
are varied over wide ranges. Task forces 
have been appointed and preliminary — 
work is under way to obtain suitable 
specimens and determine the scope of 
investigation required. 

Subcommitiee II on Reference Radio- 
graphs (N. A. Kahn, chairman)—Work 
continues on the expansion of the Tenta- 
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tive Reference Radiographs for Steel 
Welds (E 99-55 T) to include other 
types of welds in addition to metallic 
arc welds. A request has been received 
from Subcommittee XI on Methods of 
Testing, of Committee A-3 on Cast Iron, 
for the expansion of Industrial Radio- 
graphic Standards for Steel Castings 
(E 71-52), to include additional flaw 
types peculiar to nodular irons and cast 
irons in general. 

Subcommittee III on Magnetic Particle 
and Penetrant Inspection (H. Migel, 
chairman).—A task group of representa- 
tives of several societies under the chair- 
manship of N. A. Kahn is drafting a set 
of reference photographs of magnetic 
particle indications on steel castings, 
using photographs collected by the Steel 
Founders’ Society, for a special Task 
Force of Subcommittee III on Oil Piping 
Systems of Sectional Committee B 31 
on Code for Pressure Piping. It is 
planned that the results of the joint 
task-force effort will be submitted for 
approval and publication by ASTM 
before the end of 1956. Another task 
force is organizing for work on a specifi- 
cation for penetrant inspection. 

Subcommittee V on Radiographic Pro- 
cedure (C. H. Hastings, chairman) 
is developing a specification for control- 
ling radiographic quality. A new pene- 

toe 


trameter design has been considered, 
and drafting of an initial document in- 
corporating this penetrameter or a 
variation of it is under way. 

Subcommittee VI on Ultrasonic 
ing (J. C. Smack, chairman) prepared 
the two new recommended practices 
referred to earlier in the report which 
were accepted by the Administrative 
Committee on Standards. Reference 
Blocks for Ultrasonic Testing and a 
glossary of terms used in ultrasonic 
testing are in preparation but will prob- 
ably not become available before 1957. 
Task groups are considering ultrasonic 
inspection of ferrous welds, immersed 
ultrasonic testing, testing by angle 
projection of ultrasonic beams _intro- 
duced by surface contact, and qualifica- 
tions for ultrasonic operators. 


Test- 


This report has been submitted to 
letter ballot of the committee, which 
consists of 135 members; 57 members 
returned ballots, of whom 50 have voted 
affirmatively and 0 negatively. 


Respectfully submitted on behalf of 


the committee, 
J. H. Bry, 


Chairman. 


a 


A. Gosus, 
Secretary. 


 Eprrorrat NoTE 


Subsequent to the Annual Meeting, Committee E-7 presented to the Society through 
the Administrative Committee on Standards Proposed Tentative Reference Photo- 
graphs for Magnetic Particle Testing of Ferrous Castings. The reference photographs 
were accepted by the Standards Committee on September 5, 1956, and they are avail- 
able as a separate publication, bearing the designation E 125 - 56 T. 
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REPORT OF COMMITTEE E-9 


the 


Committee E-9 held two meetings 
during the year: on June 30, 1955 in, 
Atlantic City, N. J., in conjunction 
with the Annual Meeting of the Society; 
and on February 27, 1956, in Buffalo, 
N. Y., in conjunction with ASTM Com- 
mittee Week. 

The committee consists of 47 mem- 
bers, plus 8 consulting members and 1 
corresponding member. J. O. Almen was 
elected to honorary membership of the 
committee. 

Committee E-9 members cooperated 
with regard to two international con- 
ferences on fatigue, namely, the Inter- 
national Conference on Fatigue in Flight 
Structures held at Columbia University, 
New York City, on January 31 to Febru- 
ary 1, 1956; and the International Con- 
ference on Fatigue of Metals being held 
in London, England, September 10 to 14, 
1956, and again in part in New York 
City on November 28 to 30, 1956. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, R. E. Peterson. 

Secretary, O. J. Horger. 


SUBCOMMITTEE ACTIVITIES 


Subcommittee I on Research (T. J. 
Dolan, chairman).—A_ discussion is 
planned for the purpose of reviewing 
applications of solid state physics. 


* Presented at the Fifty-ninth Annual Meet- 
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ON 
FATIGUE* 


Subcommitiee II on Papers (F. M. 

Howell, chairman).—The following pa- 

pers relative to fatigue are being pre- 

sented at the 1956 Annual Meeting: 


“Fatigue Properties of Comparable Cast and 
Wrought Steel,” by C. W. Briggs, L. J. Ebert, 
and E. B. Evans. 

“Effect of Changing Cyclic Modulus on the 
Bending Fatigue Strength,” by A. A. Blather- 
wick and B. J. Lazan. 

“Fatigue Crack Propagation in Aluminum 
Alloys,” by M. S. Hunter and W. G. Fricke, 
Jr. 
“The Notched Fatigue Properties of Some 
Titanium Alloys,” by M. J. Sinnott, L. Thomas- 
sen, and A. W. Demmler. 

“Strengths and Failure Characteristics of 
AMS 5534A (S-816) Alloy in Direct Tensile 
Fatigue at Elevated Temperatures,” by C. A. 
Hoffman. 

“Statistical Analysis of Fatigue Data,” by 
R. Roeloffs and F. Garofalo. 

“An Evaluation of Statistical Treatments of 
Fatigue Data,” by M. N. Torrey and G. R. 
Gohn. 

“A Wire-Fatigue Machine for Investigation 
of the Influence of Complex Stress Histories,” 
by H. T. Corten and G. M. Sinclair. 


Two sessions on fatigue are planned 
for the Second Pacific Area Meeting of 
the Society to be held on September 16 
to 22, 1956, in Los Angeles, Calif., and 
proposals for eight papers are under 
consideration.! 

Subcommittee III on Survey (H. J. 
Grover, chairman)——During the year 

1 See Summary of Proceedings of West Coast 


Area National Meeting, pp. 52 and 53, for in- 
formation on where these papers are published 
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the 1954 References on Fatigue were of the “Guide to Statistical Methods for _ 
published as separate publication ASTM Use in Fatigue Testing” has been With- 
STP 9-F. held pending the completion of certain | 
Subcommittee IV on Large Machines revisions. 
and Test Correlation (J. M. Lessells, 
chairman).—A Symposium on Large Fa- 
tigue Testing Machines and Their Results 
has been tentatively scheduled for 1957. 
Subcommittee V on Aircraft Structures 
(P. Kuhn, chairman) has cooperated in . 
planning the two sessions on fatigue. Respectfully submitted on behalf of 
Scheduled for the Second Pacific Area the committee, : 
Meeting, these sessions deal primarily R. E. PETERSON, | 
with fatigue of aircraft structures. 
Task Group on Statistical Methods O. J. HorceEr, 
(F. B. Stulen, chairman).—Publication Secretary. 
' ap 


This report has been submitted to- 
letter ballot of the committee, which con- — 
sists of 47 members; 40 members re- | 
turned their ballots, all of whom have 
voted affirmatively. 
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REPORT OF COMMITTEE E-10 © 


ON 


RADIOACTIVE ISOTOPES*# 


Committee E-10 on Radioactive Iso- 
topes held two meetings during the year: 
in Atlantic City, N. J., on June 28, 1955, 
and in Buffalo, N. Y., on February 28, 
1956. 

The committee has continued its 
activities in the field of tests and analyses 
utilizing radioisotopes, and while the 
majority of the work has not been com- 
pleted, there has been prepared a paper 
on the measurement of carbon-hydrogen 
ratios with beta particles which will be 
submitted for publication in the ASTM 
BULLETIN. 

The committee was asked to broaden 
its scope to include the investigation of 
changes in the properties and constitu- 
tion of materials as a function to exposure 
to radiation, and the following new title 
and scope have now been approved by 
the Board of Directors: 


Title—Committee E-10 on Radioiso- 
topes and Radiation Effects. 

Scope.—To promote the knowledge of 
the use of radioisotopes in materials testing 
and the investigation of the changes in the 
properties and constitution of materials 
as a function of exposure to radiation by: 

1. Aiding and advising the technical 

committees of the Society in the prepa- 
ration of methods and development of 
instruments of testing. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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No. 215. 


2. Preparing methods of testing not 
coming within the scope of other tech- 
nical committees. 

. Standardizing the nomenclature and 
definitions used in or relating to test- 
ing methods or instruments in co- 
operation with other committees. 

. Performing such other functions as 
may advance, improve, standardize, 
and unify the procedures of materials 
testing in the fields of radioisotopes 
and radiation effects. 


The committee is sponsoring a Sym- 
posium on Applications of Radioisotopes! 
at the Second Pacific Area National 
Meeting in Los Angeles, Calif., in Sep- 
tember, 1956. 

The officers elected for the ensuing 
term of two years are as follows: 

Honorary Chairman, G. D. Calkins. 

Chairman, C. E. Crompton. 

Vice-Chairman, C. E. Weber. 

Secretary, J. R. Bradford. 


This report has been submitted to 
letter ballot of the committee which 
consists of 71 members; 39 members re- 
turned their ballots, all of whom voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 
G. D. CALKINS, 
Chairman. 
C. E. WEBER, 
Secretary. 
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ON 
QUALITY CONTROL OF MATERIALS* 


Committee E-11 on Quality Control 
of Materials held two meetings during 
the year: on November 29, 1955, and on 
May 22, 1956. Both meetings were held 
at ASTM Headquarters, Philadelphia, 
Pa. 

The committee suffered loss through 
the resignation of E. L. Grant of Stan- 
ford University. Professor Grant had 
been a member of the committee since 
1953. Four new members have been ap- 
pointed to the committee: R. A. Brad- 
ley, R. J. Hader, G. Lieberman, and C. 
L. Matz. The committee consists of 22 
members. The total allowable member- 
ship is 25. 

The officers elected for the ensuing 
term of two years are as follows: 

Chairman, H. F. Dodge. 


7 Vice-Chairman, W. R. Pabst, Jr. a 


Secretary, O. P. Beckwith. x 
TENTATIVE CoNTINUED WITHOUT 
REVISION 


The committee recommends that the 
Tentative Recommended Practice for 
Probability Sampling of Materials 


* Presented at the Fifty-ninth Annual Meet- 
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(E 105 - 54 T) be continued as tenta- 
tive since revisions are contemplated 
therein. 


Task Group ACTIVITIES 

A survey of sampling plans in ASTM 
standards, prepared by the Task Group 
on Sampling Plans, will be submitted for 
publication in the ASTM But 
A final draft of a practice for determin- 
ing the number of tests for a desired pre- 
cision of an average has been completed 
and will be sent to the committee for 
letter ballot. The task group on Design 
of Experiments has completed a paper 
on the subject which will be submitted 
for publication in the ASTM Butter. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 22 members; 21 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


H. F. Donce, 


Chairman. 
O. P. 
Secretary. 


EpiToRIAL NOTE 


Subsequent to the Annual Meeting, Committee E-11 presented to the Society through 


t the Administrative Committee on Standards the following recommendations: 


Tentative Recommended Practice for: 


Choice of Sample Size to Estimate the Average Quality of a Lot or Process (E 122-56 


Revision of Tentative Recommended Practice for: 
Probability Sampling of Materials (E 105-54 T) 

The new Recommended Practice E 122 was accepted by the Standards Committee 
on August 2, 1956, and appears in the 1956 Supplement to Book of ASTM Stand- 
ards, Parts 1, 2, 3, 4, 5, 6, and 7; the revision of Tentative Recommended Practice E 
105 was accepted on October 29, 1956, and appears in Parts 1, 3, 4, 5 and 6 of the 1956 


‘ Supplement. 
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 APPEARANCE*> 


Committee E-12 on Appearance held 
two meetings during the year: in At- 


lantic City, N. J., on June 27, 1955, and’ 


in New York, N. Y., on April 4, 1956. 
The officers elected for the ensuing 

term of two years are as follows: 
Chairman, M. Rea Paul. 
Vice-Chairman, George W. Ingle. 
Secretary, Richard S. Hunter. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee 1 on Definitions (R. S. 
Hunter, acting chairman) has been study- 
ing the feasibility of preparing a Manual 


on Appearance Properties of Materials. 
Since it does not appear that preparation 
of such a manual will be possible with 
volunteer labor, ways are being sought 
to finance the project. 

A group, appointed at the 1955 meet- 
ing, has made a survey of all ASTM 
definitions and has compiled a List of 
Definitions of Appearance Terms in 
ASTM Methods as appended hereto.! 

Subcommittee II on Color (J. A. Van 
den Akker, chairman) has continued its 
study of the relationships between visual 
estimates and measured values of color 
difference. A project on the color speci- 


* Presented at the Fifty-ninth Annual Meet- 
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1 See p. 468. 


fication of transparent materials is still 
in the process of organization. A project 
on total reflectance for acoustical ma- 
terials and building surfaces is awaiting 
examples of these materials from other 
ASTM committees which may be inter- 
ested in the project. 

Subcommittee III on Gloss and Gonio- 
photometry (H. K. Hammond, chairman) 
is awaiting further interiaboratory com- 
parisons before proceeding with the 
development of a method of gonio- 
photometry. 

Subcommitiee IV on Pictorial Repre- 
sentation (R. M. Evans, chairman) has 
been inactive although there was dis- 
cussion at the New York meeting of the 
possibility of enlarging the group’s scope 
to include all visual methods for evaluat- 
ing appearance quantities. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 65 members; 35 members re- 
turned the ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


M. REA 


Chairman. 
RICHARD S. HUNTER, 


Secretary. 
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APPENDIX 


EFINITIONS OF APPEARANCE TERMS IN ASTM METHODS 


a COLOR 
Chromaticity Coordinates, x, y, z.—Tri- 


stimulus values expressed as fractions of 
their total, as follows: 


X+V¥+Z 
Y 4¥ 
X+Y+2Z 
Z 


siz 
Color.—The aspect of the appearance of 
objects which depends upon the spectral 
composition of the light reaching the 
retina of the eye and upon its temporal 
and spatial distribution. Black, white, 
and gray are colors as well as red, yellow, 
green, blue, purple, and their intermedi- 
ates. Mixtures or blends of these are also 
colors. The colors of objects have three 
attributes: hue, lightness, and saturation. 


(From Definitions D 16 - 52.) 


(From Method D 307 -— 44.) 


Color.—The color of an insulating oil is 
determined by means of transmitted 
light, and is expressed by a numerical 

va based on comparison with a series 
of color standards. 


(From Method D 117 - 54 T.) 


Color Change: 


Slight Color Change is one which is per- 

ceptible with difficulty. 

A ppreciable Color Change is one which is 
readily perceptible without close exam- 
ination but is insufficient to markedly 

alter the original color of the specimen. 
> Ss Extreme Color Change is one which is very 


@ 


468 


obvious and has resulted in a marked 
alteration of the original color of the 
specimen. 


(From Methods D 620 -— 49 and D 1300 -— 53 T.) 


Color Difference between two painted sur- 
faces is the total difference of color, with- 
out regard to direction and includes the 
three attributes—hue, lightness, and 
saturation; but not other factors of ap- 
pearance, such as gloss and texture. 


(From Method D 1260 - 55 T.) 


Color Difference.—The resultant vector of 
three component differences, lightness- 
index difference, AL, and chromaticity 
differences, Aa and Ad, and may be ex- 
pressed thus: 


E = (AL)L + (Aa)a + (Ab)d 


The above vector notation indicates that 
AL, Aa, and Ab are magnitudes of dif- 
ferences reacting in the direction of J, 
a, and 6, respectively. The latter are 
unity. The magnitude of this resultant, 
E, called the color difference (magnitude), 
is a scalar quantity and may be com- 
puted from the following: 


E = ~/(AL)? + + (a6)? 


The magnitude, E, of course gives no 
indication of the character of the differ- 
ence, since it does not indicate the rela- 
tive quantity and direction of hue, satura- 
tion, and lightness differences. 


(From Methods D 1365 —55 T and D 1260-55 T.) 


Color Index: 
Daylight transmittance, 


Above 95.0 ... 0.1=904+0.1 7, 
Below 3.0. . 0.1 = log“(2 
7.5(2 — log 
H = T, for 0.1 n-heptane solution 
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where: 
T, = blue transmittance (see Transmit- 
tance). 


(From ASTM Proceedings, Vol. 49, p. 349.) 


Color, Saybolt, is a number related to the 
depth of column of material the color 
of which is compared with specified glass 
standards. The range of numbers is 
+30 to —16; the greater the number the 
lighter the color. 


(From Method D 156 - 53 T.) 


Color Space.—The daylight colors of 
opaque specimens for the purpose of this 
method are represented by points in a 
space formed by three mutually per- 
pendicular unit vectors, Z, a, and 6 
having scales L, a, and b, respectively. 
These scales were chosen so that color 
differences in this space correlate with 
perceived color differences. 


(From Methods D 1365 - 55 T and D 1260 - 55 T.) 


Hue.—The attribute which determines 
whether the color is red, yellow, green, 
blue, purple, or the like. 


(From Definitions D 16 - 52.) 


Lightness.—The attribute which permits 
an object color to be classified as equiv- 
alent to some member of the series of 
grays ranging between black and white. 


(From Definitions D 16 - 52.) 


Saturation.—The attribute of any color 
possessing a hue which determines the 
degree of the difference from the gray of 
the same lightness. 


(From Definitions D 16 - 52.) 
Spectral Luminosity, y,.—The function of 
wavelength which serves to define the Y 


scale, light-producing capacity or lumi- 
nous efficiency of radiant energy. 


(From Method D 307 ~ 44.) 


Tristimulus Values, X, Y, Z.—The evalua- 
tions of the color as determined in accord- 
ance with this method. 


(From Method D 307 - 44.) 


_ DEFINITIONS OF APPEARANCE TERMS ~ 469 


Tristimulus Values of Standard, X,, Y,, 
Zo.—The color designations of the stand- 
ard used in the _ spectrophotometric 
measurements of the test specimen. 


(From Method D 307 - 44.) 


Tristimulus Values of a Spectrum of Unit 
Irradiance per Unit Wavelength, x, 
yx, %.—The functions of wavelength 
which serve to define the X, Y, and Z 


scales. 


REFLECTANCE 


Brightness.—The 45-deg 0-deg directional 
reflectance of light equivalent of the 
CIE z function. It is primarily a measure 
of freedom from impurities left by in- 
complete bleaching. 


(From Method D 307 — 44.) 


(From Method D 985 - 50.) 


Reflectance.—An abbreviation used in 
this method for “luminous directional 
reflectance from daylight relative to mag- 
nesium oxide for 45-deg illumination and 
perpendicular viewing.” 


(From Method C 347 - 54 T.) 


Reflectance, Blue-Light.—Blue-light re- 
flectance is the ratio of the light flux from 
a specimen illuminated at an angle of 45 
deg by CIE standard source A, and 
viewed perpendicularly by a _ receptor 
whose response is equivalent to the Z- 
function of the CIE standard observer, 
to the light flux from the standard mag- 
nesium oxide layer similarly illuminated 
and viewed. 


(From Method E 97 - 55.) 


Reflectance, Daylight 45-deg, 0-deg Lumi- 
nous Directional.—Daylight 45-deg, 0- 
deg luminous directional reflectance 
(for brevity called reflectance) is the ratio 
of the luminous flux from a specimen 
illuminated at an angle of 45 deg by 
CIE standard source C (average day- 
light) and viewed perpendicularly by 
CIE standard observer, to the luminous 
flux from a standard magnesium layer 
‘similarly illuminated and viewed. 
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light reflected by any test specimen to 
_ that incident on it. 


d (From Methods C 347 — 54 T and D 307 - 44.) 


Reflectance, Luminous Directional.—The 
brightness of a specimen, when illumi- 
nated and viewed in a specified manner 
divided by the brightness that an ideally 
diffusing, completely reflecting white 
surface would have when _ illuminated 
and viewed in the same manner. 


(From Definitions D 16 - 52.) 


Reflectance, Luminous Directional.—The 
luminous reflectance which a perfectly 
diffusing surface would need to possess 

in order to appear exactly as bright as 

_ the test specimen under the same illumi- 
nating and viewing conditions. 


(From Methods D 307 — 44 and C 347 - 54 T.) 


Reflectance, Luminous Directional, of a 
surface for specified directions of illumina- 
tion and view is the ratio of the bright- 
ness of the surface to the brightness that 
an ideally diffusing, perfectly white sur- 
face would have if illuminated and viewed 
in the same manner. 


(From Method D 1011 — 52.) 


Reflectance, Luminous Fractional.—The 
ratio of the luminous flux reflected from, 
to that incident on, a specimen for speci- 
fied solid angles. 


: (From Method D 523 - 53 T.) 


Reflectance, Luminous Total.—The ratio 
of light reflected by a specimen to that 
incident on it. 

(From Definitions D 16 ~ 52.) 


Reflectance Over Black Backing, R,.— 
Reflectance of a coating in optical con- 
- tact with a backing, the ideal reflectance 
of which is zero and the actual reflectance 
of which is less than 0.04 (4 per cent). 


(From Method C 347 - 54 T.) 
Reflectance, Spectral.—The ratio of re- 


flected energy to the spectrally homo 
geneous energy incident on any specimen. 


(From Method D 307 - +44.) 
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Reflectance, Spectral Directional. — The 
spectral reflectance which an ideal dif- 
fusing surface would need to possess in 
order to yield the same appearance as 
the test specimen under the same illu- 
minating and viewing conditions. 


(From Method D 307 - 44.) 


Reflectivity, R.—The reflectance of a coai 
ing so thick that additional thickness 


does not change the reflectance. 


; (From Method C 347 - 54 T.) 


Reflectivity, Luminous.—The luminous re- 
flectance of a test specimen consisting 
of a layer of material of sufficient thick- 
ness that any increase would fail to change 
this ratio. 


(From Method D 307 - 44.) 


Reflectivity, Luminous Directional, R,. 
The luminous reflectance which a per- 
fectly diffusing surface would have to 
possess in order to appear exactly as 
bright as the test material under the same 
illuminating and viewing conditions. 


fe 


Ry 
0 


= 


: (From Method D 307 — 44.) 

Reflectivity, Spectral——The spectral re- 

flectance of a test specimen consisting 

of a layer of material of sufficient thick- 

ness that any increase would fail to 
change this ratio. 


(From Method D 307 - 44.) 


Reflectivity, Spectral Directional, R). 
The spectral reflectance which an ideal 
diffusing surface would need to possess 
in order to yield the same appearance 
as the test material under the same illu- 
minating and viewing conditions. 


(From Method D 307 - 44.) 
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TRANSMITTANCE 


Transmittance, Blue.—The corrected in- 
strument response for a 20-mm layer of 
sample expressed in percentage trans- 
mittance, relative to that for distilled 
water, and found by use of the tristimu- 
lus blue filter specified in Section A3 of 
Supplement to this method. 


(From ASTM Proceedings, Vol. 49, p. 349.) 


Transmittance, Daylight.—The corrected 
instrument response for a 20-mm layer of 
sample expressed in percentage trans- 
mittance, relative to that for distilled 
water, and found by use of the tristimu- 
lus green filter specified in Section A3 of 
Supplement to this method. 


(From ASTM Proceedings, Vol. 49, p. 349.) 


Transmittance, Luminous, 7,.—The ratio 
of transmitted to incident light. It may 
be calculated from spectral transmit- 
tance, 7,, and spectral luminosity, y, 
as follows: 


0 


= 
>> 
0 
(From Methods D 307 — 44 and D 1003 - 52.) 


Transmittance, Spectral, 7,.—The ratio of 
transmitted energy to the spectrally 
homogeneous energy incident on any 
test specimen. 


(From Method D 307 - 44.) 


GLoss 


Gloss.—Gloss is the geometrically selective 
reflectance of a surface responsible for its 
shiny or lustrous appearance. Surface 
reflectance is commonly at a maximum 
in or near the geometric directions in 
which a mirror would reflect light. 


(From Methods D 1222 - 52 T and D 1223-52 T.) 


Gloss.—Brightness or luster of a body pro- 
ceeding from a smooth surface. 


(From Nomenclature D 675 - 55 T.) 


Gloss.—The sh..e or luster of a smooth 
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enameled suriace. 


"he (From Definitions C 286 - 55 T.) 


Gloss (Visual Test).—A convenient method 


of determining apparent gloss is to hold 
test panel at an angle of incidence ap- 
proaching 180 deg to a source of artificial 
light and to note the comparative sharp- 
ness of the definition of the image (for 
example, the lamp filament). 


(From Method D 333 40.) 


Gloss, Percentage, G: 
3 G = 100 tar an 
I; 
| 
where: 


I, = photoelectric cell reading at the 

specular angle (45 deg), 

I; = photoelectric cell reading at the 
60-deg angle (30 deg from perpendic- 
ular) (15 deg off specular), and 

= measure of the sharpness of the 
peak of light distribution. 


(From Method D 673 - 44.) 


Gloss, Specular.—The luminous fractional 


reflectance of a specimen at the specular 
direction. 


(From Method D 523 - 53 


Gloss, Specular.—The ratio of reflected to 


incident light, times 1000, for specified 
apertures of illumination and reception 
when the axis of reception coincides with 
the mirror image of the axis of illumina- 
tion. 


a (From Method C 346 ~ 55 T.) 


Luster.—That property of a textile mate- 


rial by virtue of which the latter ex- 
hibits differences in intensity of light 
reflected from within a given area of 
material when the angles of illumination 
or viewing are changed. 


(From Definitions D 123 - 55.) 
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Mat (Matt or Matte).—A uniformly smooth 
surface almost, or entirely, lacking gloss. 


(From Definitions C 286 - 55 T.) 


HAZE 


Haze.—The haze of a specimen is that per- 
centage of transmitted light which in 
passing through the specimen deviates 
from the incident beam by forward scat- 
tering. For the purpose of this method 
only light flux deviating more than 2.5 
deg on the average is considered to be 
haze. 


(From Method D 1003 - 52.) 


Haze.—Indefinite cloudy appearance within, 
or on the surface of, a plastic not describ- 
able by terms of Chalking, Frosting, or 
Bloom. 


(From Nomenclature D 675 - 55 T.) 


SPECTRAL 


Spectral Characteristics.—The appropriate 
quantity as a function of wavelength by 
means of which the test specimen is 
characterized. Spectral transmittance 
characterizes a light-transmitting speci- 
men; spectral directional reflectivity 
characterizes a light-reflecting material; 
and spectral directional reflectance char- 
acterizes a light-reflecting object. 


(From Metliod D 307 - 44.) 


Spectral Irradiance.—The density of radi- 
ant flux incident on an element of sur- 
face per unit wavelength. 


(From Method D 307 - 44.) 


Contrast Ratio: 


Rp 
R = 100 —* 
C. 1 Rw 


where Rg and Rw are the apparent light 
reflectance relative to magnesium oxide, 
taken as 100 per cent, having standard 
black backing with apparent reflectance 
of 0.5 per cent, and standard white back- 
ing with apparent reflectance of 91.5 
per cent. 

(From Method D 589 — 44.) 


Contrast Ratio, Cy.—Ratio of the re- 
flectance of a coating over black backing 
to its reflectance over a white backing of 
reflectance of 0.80 (80 per cent). 


Note.—Contrast ratio varies with the 
thickness of coating and is a measure of its 
opacity. 


(From Method C 347 - 54 T.) 


Hiding Power.—The power of a paint or 
paint material as used to obscure a sur- 
face painted with it. 


(From Definitions D 16 - 52.) 


Hiding Power.—The power of a coating to 
obscure or hide completely the surface 
over which it is applied. 


(From Definitions C 286 - 55 T.) 


Opacity.—Power of enamel to reflect dif- 
fusely a high percentage of incident 
light. 


(From Definitions C 286 - 55 T.) 


Scatter, Coefficient of, S.—Rate of increase 
of reflectance with thickness (weight per 
unit area) at infinitesimal thickness of 
enamel over an ideally black backing. 


(From Method C 347 - 54 T.) 


MISCELLANEOUS 


Diffusion of Light by Plastics, as covered 
by ASTM Method D 636, needs a sepa- 
ration of Methods A and B into distinct 
paragraphs to minimize confusion, and 
definitions like the following: 


Reflective Diffusion (Method A): 
90° 900° 


Dee = —— = 
B3° (90° — 3°) B32 (87°) 


Transmissive Diffusion (Method A): 


177° 


Be dé 


Dea 90 


177° (177° — 90°) 
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Reflective Diffusion (Method B): 


90° 90° 
By do Bo ASTM Methods D 509. Spectral trans- 
ol 15° — mission data are given in Method D 
De ~ Bise (90° — 15°) a (759) 70? 509 for twelve grades of U. S. Rosin. 
™ Colorimetric specifications are also given 
for all types of U. S. Rosin in terms of x 
its 
Tr ransmissive Diffusion (Method B): Y, T, \ (dominant wavelength), and 
1660 (colorimetric purity). No definitions or 
or 20° ree and # are given. There is also included a 
ir- ~ Bygse (165° — 90°) Note on color, which states that color 
? 165¢ (hue, saturation, and brightness) is 
ue Bs A6 made up of- three attributes as follows: 
2.) : a Hue = characteristic yellow or red, 
to * (75°) ’ Saturation = purity or strength of hue, __ 
ice and 
(See Method D 636-54.) Brightness = amount of light trans- 
mitted. 
T Optical Distortion.—An apparent distortion 
tif. of anything viewed through a transparent (See Method D 509 ~ 55.) | 
ent Plastic, caused by the nonuniform optical Waviness, Internal.—An appearance of 
character of the plastic, and not by its aoe : lasti ; 
shape. waviness seen 7m a transparent plastic. ; 
sin (From Nomenclature D 675 - 55 T.) | 
oe (From Nomenclature D 675 ~ 55 T.) 
- Waviness, Surface.—Wave-like uneven- 
P f Orange Peel.—Uneven surface somewhat ness, or out-of-plane, in the surface of a 
« resembling an orange peel. plastic. 
rT) "9 (From Nomenclature D 675 - 55 T.) _— (From Nomenclature D 675 - 55 T.) 
eae 
red on 
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Visual Grading Procedures, lighter and 
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darker, for grading Rosin appear in 
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REFERENCES 


Following is a list of the ASTM Standards in which the above Definitions appear: 


C 347-S4T. 


16 - 52. 


123 - 55. 


307 - 44. 
333 - 40. 
509 — 55. 


523 - 53 T. 


D 

D 

D 589-44. 
D 620-49. 
D 636-54. 
D 673-4. 
D 


675-55 T. 


985 - 50. 
D 1003 - 
D 1011 - 52. 


1222-52T. 
1223 -52T. 


1260-55 T. 


1300- 


1365-55 T. 


E 97-SS. 


286 - 55 T. 
346 - 55 T. 


117 54 T. 
156 - 53 T. 


53 T. 


1955 Book of ASTM Standards 
Part Pace 
Def. of Terms Relating to Porcelain Enamel (Tentative)... 3 875 
Method of Test for 45-deg Specular Gloss of Ceramic Mate- 

Method of Test for Reflectivity and Coefficient of Scatter of 

White Porcelain Enamels (Tentative).................. 3 865 
Def. of Terms Relating to Paint, Varnish, Lacquer, and Re- 

Methods of Testing Electrical Insulating Oils (Tentative)... 5, 6 58, 683 
Def. of Terms Relating to Textile Materials............... 7 1 
Method of Test for Saybolt Color of Refined Petroleum Prod- 

ucts (Saybolt Chronometer Method) (Tentative)......... 5 «95 
Method of Test for Spectral Characteristics and Color of Ob- * 

Methods of Testing Nitrocellulose Clear Lacquers and Lac- 

Methods of Sampling and Grading Rosin.................. 4 686 
Method of Test for Specular Gloss (Tentative)............ 4 608 
Method of Test for Opacity of Paper and Paper Products... 7 849 
Method of Test for Colorfastness of Plastics to Light....... 6 353 
Method of Test for Diffusion of Light by Plastics.......... 6 313 
Method of Test for Mar Resistance of Plastics............. 6 251 
Nomenclature of Descriptive Terms Pertaining to Plastics 

Method of Test for 45-deg, 0-deg Directional Reflectance for 

Blue Light (Brightness) of Paper...................... 7 980 
Method of Test for Haze and Luminous Transmittance of 

Method of Test for Night Visibility of Traffic Paints....... 4 497 
Method of Test for Contrast Gloss of Paper at 57.5 deg (Ten- 

Method of Test for Specular Gloss of Paper at 75 deg (Tenta- 

Method of Test for Color Difference Using the Hunter Multi- 

purpose Reflectometer (Tentative)..................... 4 594 
Spec. and Methods of Test for Laminated Thermosetting 

Decorative Sheets (Tentative)....................2005- 6 119 
Method of Test for Color Difference Using the Hunter Color 

Difference Meter (Tentative)....................-000-: 4 590 
Method of Test for 45-deg, 0-deg Directional Reflectance of 

Opaque Specimens by Filter Photometry. . 3,4 1899, 1307 


4 ASTM Proceedings, Vol. 49, p. 349 (1949). 
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REPORT OF COMMITTEE E-14 
ON 
SPECTROMETRY* 


Committee E-14 held its fourth meet- 
ing in Cincinnati, Ohio, on May 28 to 
June 1, 1956. A registration of over 300 
gives evidence of a continued growing 
interest in mass spectrometry. A total of 
53 papers was presented during the five 
days, including five papers which com- 
prised a Symposium on the Analysis of 
Solids. There were also review papers on 
selected topics. 

The officers and members-at-large 
elected for the ensuing term of two years 
are as follows: ld 

Chairman, Wm. Priestley, 

Vice- Chairman, V. H. Dibeler. 

Vice-Chairman, R. E. Fox. 

Secretary, F. W. McLafferty. 

Members-at-Large, L. Friedmz.n, and 
F. W. Karasek. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Theoretical and 
Fundamental Aspects (F. L. Mohler, 
chairman) has prepared a review of the 
literature covering the following: 

1. Ionization and Appearance Poten- 
tials and Their Relation to Molecu- 
lar Properties. 

Studies of Radicals and Other 
Transient Configurations. 
3. Isotope Abundances and Precision 
Mass Measurements. 

4. Miscellaneous Topics. 

The report includes a bibliography of 
139 references. 

Subcommittee III on High Molecular 


_ * Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


bo 


a75 


Weight (M. J. O’Neal, chairman).— 
Cooperative work is under way with API 
Projects 42 and 48 on the synthesis of 
high molecular weight hydrocarbons. 

Five laboratories are cooperating on 
the compilation of tables of isotope 
abundance in the high molecular weight 
range. 

Subcommittee IV on Methods, Data, 
and Nomenclature (H. M. Kelly, chair- 
man) is working on instrument perform- 
ance specifications that will define 
operation variables and that can be used 
in methods of test written by product 
committees. 

Many laboratories have accumulated 
libraries of uncertified spectra, so-called 
because of the questionable purity of the 
material or the limited amount of data 
recorded. Those laboratories that are 
interested are cooperating to make these 
spectra available. 

Subcommittee V on New Instruments 
and Techniques (H. F. Wiley, chairman) 
has prepared a review of the topic from 
both published and unpublished informa- 
tion available during the past year. 

Subcommitice VII on Solids (L. F. 
Herzog, chairman) sponsored the Sym- 
posium on the Analysis of Solids at the 
recent meeting of the committee. 


Respectfully submitted on behalf of 
the committee, 


M. J. O'NEAL, 


Chairman. 


A. B. KENT, 
Secretary. 


— 


ras 
af 
4 
* 
ie 
‘ied 
vk, 
a : 
a j 


REPORT OF COMMITTEE F-1 


ON 


-MATERIALS FOR ELECTRON TUBES AND SEMICONDUCTOR DEVICES* 


Committee F-1 on Materials for 
Electron Tubes and Semiconductor 
Devices held four meetings during the 
year: in Atlantic City, N. J., an organi- 
zation meeting on June 27 and 28, 1955, 
during the Annual Meeting of the So- 
ciety; in Washington, D. C., on Novem- 
ber 3 and 4, 1955; in New York City on 
February 16 and 17, 1956; and in Swamp- 
scott, Mass., on June 14 and 15, 1956. 

A highlight of the Washington meet- 

ing was a most informative talk on the 
“Reliability of Vacuum Tubes” by Ray 
Knight of Aeronautical Research, Inc. 

The present membership of the com- 
mittee totals 52 members, of whom 21 
are classified as producers, 24 as con- 
sumers, and 7 as general interest mem- 
bers. 


COMMITTEE ORGANIZATION 


The organization meeting of Com- 
mittee F-1 was held during the 1955 
Annual Meeting of the Society. The 
nucleus of this committee had previously 
operated as Subcommittee VIII of Com- 
mittee B-4, Organization of this com- 
mittee as a separate group was considered 
necessary because of the rapid growth 
of the electronic industry and the need 
for a committee devoted entirely to elec- 

tronics. 

The officers elected for the ensuing 
term of two years areas follows: 
Chairman, S. A. Standing. 

Vice-Chairman, F. J. Biondi. 

Secretary, S. Umbreit. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 


Subcommittees on the following sub- 
jects have been organized with the chair- 


men indicated: 
Title Chairman 
I. Cathode Materials... A. M. Bounds 
II. Insulators C. M. Harman 
C. W. Horsting 
IV. Wi D. R. Kerstetter 
V. Metallic—Non- 
Metallic Seals 
VI. Semiconductors 
VII. Luminescent 
Materials 
VIII. 


V. J. DeSantis 
H. C. Theuerer 


J. G. Koosman 
Editorial G. S. Szekely 

Recognizing this committee’s in- 
terest in materials for a specific applica- 
tion and covering materials other than 
non-ferrous metals, the committee has 
been established as the first of a group 
with the prefix letter F and is so listed 
in the 1955 Year Book. Standards and 
tentatives under its jurisdiction retain 
their former numerical designation but 
carry an F- in place of the former B- 
designation. They now appear in Part 
6 of the ASTM Book of Standards. 

In view of this new committee’s broad 
interest in materials, liaison is being ef- 
fected with certain other committees of 
the Society. 


REVISIONS OF TENTATIVES 

The committee recommends that the 
following tentatives be revised as indi- 
cated and continued as tentative: 
Tentative Methods of Testing Sleeves 

and Tubing for Radio-Tube Cathodes 

(F 128 - 55 T):! 

Revise as appended hereto.’ 

11955 Book of ASTM Standards, Part 6. 


? The revised Tentatives appear in the 1956 
Supplement to ae of ASTM Standards, Part 6. 
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Tentative Specification for Molybdenum 
Wire Under 20 Mils in Diameter 
(F 289 54 
Revise as appended hereto? 

Tentative Method of Test for Diameter 
by Weighing of Fine Wire Used in 
Electronic Devices and Lamps 
(F 205 — 55 T):! 


Section 2.—In the third sentence, de- 
lete the words “flat wound” so that the 
sentence will read “‘The torsion balance 
shall consist of a spring mounted ver- 
tically...” 

Section 3—Add a new Paragraph (d) 
as follows: 


(d) Calibration of the balance, at zero under 
no load, or at positive values when loaded to 
check weights, shall be made by using the 
average of three consecutive readings, taken 
under conditions specified in Paragraphs (0) 
or (c) whichever is applicable. 


ADOPTION OF TENTATIVES AS STANDARD 
WITHOUT REVISION 


The committee recommends that the 
Tentative Specifications for Round 
Chromium-Copper Wire for Electronic 
Devices (F 268 — 53 T),' Tentative Meth- 
ods of Test for Sag of Tungsten Wire 
(F 269 — 52 T),' and for Relative Ther- 
mionic Emissive Properties of Ma- 
terials Used in Electron Tubes (F 270 - 
52 T),! be approved for reference to 
letter ballot of the Society for adoption 
as standard without change. 


TENTATIVES CONTINUED WITHOUT 
REVISION 


The committee recommends that the 
following be continued as tentative with- 
out revision: 


Specifications for: 

Circular Cross-Section Nickel Cathode Sleeves 
for Electronic Devices (F 239 - 49 T), 

Tungsten Wire Under 20 Mils in Diameter 
(F 288 - 54T), and 

Round Wire for Use as Electron-Tube Grid 

Laterals and Verticals (F 290 - 54T). 
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The recommendations in this report 
have been submitted to letter ballot of 
the committee, the results of which will 
be reported at the Annual Meeting.* 


ACTIVITIES OF SUBCOMMITTEES bi 


Subcommittee I on Cathode Materials 


(A. M. Bounds, chairman) is continuing 
its extensive studies of the properties of 
nickel cathode materials used in the de- 
velopment and manufacture of elec- 
tron tubes. 

Work completed during the year 
showed that reduction in normal cobalt 
content, some time ago suspected of be- 
ing responsible for inferior performance, 
hasin conclusion been exonerated. It is the 
intent of the committee to recognize 
appropriately, through a letter by the 
chairman of the committee, the work 
done in preparation of test materials by 
the International Nickel Co. 

There has been considerable work and 
challenge during the year in revising the 
Specifications for Circular Cross-Section 
Nickel Cathode Sleeves for Electronic 
Devices (F 239 - 49 T), and reviewing of 
views with respect to certain ASTM 
grade numbers which have occurred 
therein. 

It has been recognized that certain 
performance characteristics of cathodes 
are sufficiently influenced by heater 
problems to warrant investigation. It is 
expected that appropriate investigation 
will begin soon. 

Other active projects are concerned 
with a proposed design for a standard 
planar diode, and tests and specifica- 
tions for cathodes used in tubes operat- 
ing at high voltages and under pulse 
conditions. 

It is expected that certification will 
soon be issued by the National Bureau of 


3 The letter ballot vote on these recommen- 
dations was favorable; the results of the vote 
are on record at ASTM Headquarters. 
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- Standards on two standards of nickel 
_ oxide to be identified as Standards Nos. 
671 and 672. 

Further work continues in the de- 
velopment of a statistical method of 

evaluating factory prove-in data of new 

melts in cathode material. 
Subcommittee IT on Insulators (C. 
-M. Harman, chairman) is largely con- 
cerned with studies of mica pieces for 
“bridges” commonly used in electron 
tubes and their relation to performance. 
Such subject matter as distribution of 
thickness of mica, before and after 
stamping, and the stiffness of mica is 
_of current interest. 

The broader test program is expected 

to include breakdown temperature of 
-mica under vacuum, the gases given off, 
delamination strength, behavior to hard 
-and soft X-ray bombardment, surface 
profile, electrical conductivity of the 
surface and body under vacuum tube 
conditions, and standard diode and 
triode tests. 

Subcommittee III on Strip (C. W. 
-Horsting, chairman) is interested pres- 
ently in the properties of aluminum-clad 

and nickel-aluminum-clad steel strip, 
and nickel-plated and nickel-clad steel 
strip with a carbonized finish, leading to 
improved specifications. 

Subcommittee IV on Wire (D. R. 

Kerstetter, chairman).—-The main in- 
terest of this group is in setting up and 
maintaining standards for the types of 
wire used for grid laterals and verticals 
in electron tube manufacture. It has 
recently reviewed the Methods of Test 
for Sag of Tungsten Wire (F 269 — 52 T) 
and have recommended that it be 
. adopted as standard. 

A report has been prepared on a test 
for proportional limit of grid lateral 
wires with a view that this limit is a 

significant characteristic in the physical 
analysis of grid wire. 7 


REPORT OF COMMITTEE F-1 
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There has also been some investigation 
of existing specifications for inner and 
outer lead wires for miniature tubes. 

Subcommittee V on Metallic - Non- 
Metallic Seals (V. J. DeSantis, chair- 
man) is newly organized and has 
planned a program for the coming year. 
The program includes defining a “her- 
metic” seal; developing tests for glass- 
to-metal and ceramic-to-metal terminals 
and methods for the chemical analysis of 
ferrous sealing alloys; and the effect of 
minor and trace elements on the physical 
and mechanical properties of ferrous 
sealing alloys. Specifications for dumet 
wire are also in the program. 

Subcommittee VI on Semiconductors 
(H. C. Theuerer, chairman) is actively 
developing appropriate methods of test 
and specifications for germanium dioxide. 
Test methods for moisture, bulk density, 
volatile material, and the reduction of 
the dioxide to metal, are being given 
consideration. The size of bars, single 
germanium crystals, and the measure- 
ment of resistivity of the metal also have 
been discussed. The subcommittee is 
attempting to arrive at agreement on a 
standard size of bar and single crystal. 

Subcommittee VII on Luminescent 
Materials (J. G. Koosman, chairman) 
is concentrating on specifications relating 
to particle size of phosphors normally 
used in cathode ray tubes and is work- 
ing toward an agreement on a single 
instrument which may give both an 
average particle size and size distribu- 
tion. 

Present methods under consideration 
largely involve liquid settling techniques. 
Bulk-density measurements are also 
under consideration as well as specifica- 
tions for chemical analyses and impuri- 
ties. The latter activity involves liaison 
work with other subcommittees of Com- 
mittee F-1 and perhaps other committees 
of the Society. tee 
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Subcommittee VII I—Editorial (G. S. 
Szekely, chairman) is set up to review 
all specifications and methods of test 
with each of the subcommittees, and to 
keep them true to ASTM form and edi- 
torially correct. Over the past year the 
subcommittee has editorially reviewed 
methods F 128, F 205, and F 300. 


This report has been submitted to 


letter ballot of the committee, which 


consists of 52 members; 38 members re- 
turned their ballot, of whom 36 have 
voted affirmatively and 0 negatively 


Respectfully submitted on behalf of 
the committee, 
S. A. STANDING, 


Chairman. 
van. 


STANTON UMBREIT, 
Secretary. 
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IMPACT PROPERTIES OF QUENCHED-AND-TEMPERED 


Very few single topics have so much 
aroused the interest and activity of ex- 
perimental and _ theoretical research 
workers in the fields of metallurgy, me- 
chanics, and physics as has the subject 
of brittle fracture. Although by no means 
a new problem at the time of World 
War II, it was brought into dramatic 
focus at that time by the failure of large 
numbers of ships and, since then, of 
other structures such as storage tanks 
and pipe lines. 

Since practical experience with brittle 
fracture was concerned principally with 
constructional mild steel, most of the 
research activity was likewise centered 
on mild steel. Heat-treated alloy steels 
are, however, also capable of fracturing 
in brittle fashion. To give this phase of 
the problem the attention it deserved, 
the Office of Naval Research some years 
ago undertook the sponsorship at the 
Armour Research Foundation of a com- 
prehensive program on the brittle frac- 
ture of quenched-and-tempered alloy 
steels. This program has now been con- 
cluded and it is the intention of this 
paper to present those phases of the 
program which have not yet appeared in 
the literature. Much of the information 
has been published and the references 


* Presented at the Fifty-ninth Annual Meet- 
ting of the Society, June 17-22, 1956. 

Supervisor, Applied Metallurgy, Armour 
Research Foundation, Illinois Institute of Tech- 
nology, Chicago, 

?Supervisor, Welding, Armour Research 
Foundation, Illinois Institute of Technology, 


Chicago, Til. 
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ALLOY STEELS* 


By Joun P. SHEEHAN,’ AND Harry ScHWARTZBART” 


are given at the end of this paper (1 to 7). 
To give some indication of the scope of 
the program at this point we might item- 
ize the major variables investigated: 
effect of carbon content, alloy grade, 
phosphorus content, boron, rare earth 
additions, grain size, homogeneity, and 
specimen size. 


GENERAL DISCUSSION 


Steel as a material of construction has 
mechanical properties that are altered 
by directional and other factors which 
need to be considered in effective engi- 
neering design. Sometimes these factors 
may be inferred from knowledge of the 
composition, methods of fabrication, 
and heat treatment of the steel. Such 
knowledge is usually supplemented, at 
least in the more critical applications, 
by laboratory or full scale testing. In the 
interest of economy of effort and mate- 
rial, it is desirable that laboratory testing 
should be used where possible. This re- 
quires an understanding of the signifi- 
cance of the test data. 

Laboratory tests should be the simplest 
that will provide the required informa- 
tion. From the standpoint of the engi- 
neer, it would be helpful to be able to 
infer the mechanical properties from 
readily available information without 
the performance of laboratory tests other 
than chemical analysis, or with but 


? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


| 


t 
2 
> 
wee 
3 
x 
4 
i 
‘ 
\ 
4 
. 


SHEEHAN AND SCHW 


ARTZBART 


simple determinations such as hardness. steel are known. With a uniform steel 
Toa considerable extent it has been pos- structure such as tempered martensite, 
sible to predict from hardness deter- predictions can be made with consider- 

TABLE I.—CHEMICAL ANALYSES OF STEELS INVESTIGATED. 
Man- | Phos- | « 4.1 | Chro- | Molybde- 
N 1 |Carbon, Sulfur, |Silicon, | Nickel,| © 
Heat phora, | Salen, [Silicon Nickel) |" mum, 
1320 0.24 | 1.60 | 0.023 | 0.027 0.23! ... 
c ¢ reer ee 1340 0.40 | 1.70 | 0.018 | 0.031 | 0.21 | 0.04 None | Trace 
- eS es: 1380 0.73 | 1.66 | 0.023 | 0.022 | 0.17 
, | ee 2320 0.18 | 0.91 | 0.025 | 0.027 | 0.17 | 3.47 
- Deemed 2330 0.33 | 0.86 | 0.025 | 0.027 | 0.16 | 3.50 
es ie vat odebhn 2340 0.43 | 0.83 | 0.020 | 0.028 | 0.22 | 3.38 
. "Se 2360 0.57 | 0.91 | 0.025 | 0.026 | 0.16 | 3.50 
2380 0.75 | 1.00 | 0.025 | 0.025 | 0.19 | 3.50 
| 
3120 0.23 | 0.75 | 0.022 | 0.020 | 0.30 | 1.26 | 0.58 | 

sec ccensameewad 3140 0.38 | 0.77 | 0.013 | 0.031 | 0.19 | 1.26] 0.64 | 
, Ree 3180 0.72 | 0.92 | 0.022 | 0.028 | 0.25 | 1.34 | 0.63 
cee 4120 0.24 | 0.89 | 0.019 | 0.020 | 0.30 0.95 0.21 
eS eee 4120P* | 0.24 | 0.89 | 0.031 | 0.020 | 0.30 0.95 0.21 
Sa ee 4140 0.40 | 0.89 | 0.016 | 0.026 | 0.26 0.89 0.20 
SRT 4140P* | 0.41 | 0.87 | 0.037 | 0.025 | 0.22 0.96 0.21 
ae 4180 0.74 | 0.95 | 0.023 | 0.029 | 0.20 1.02 0.20 
4180P* | 0.74 | 0.95 | 0.034 | 0.029 | 0.20 1.02 0.20 

A es casitione 4320 0.21 | 0.74 | 0.020 | 0.016 | 0.23 | 1.53 | 1.09 0.19 
: ea: 4330 0.30 | 0.84 | 0.024 | 0.021 | 0.31 | 1.69 | 1.10 0.20 

EE er 4340 0.38 | 0.77 | 0.020 | 0.035 | 0.25 | 1.65 | 0.93 0.21 
: SS ee: 4360 0.57 | 0.87 | 0.025 | 0.019 | 0.23 | 1.62} 1.08 0.22 
4380 0.76 | 0.91 | 0.024 | 0.020 | 0.23 | 1.67 | 1.11 0.21 
4620 0.20 | 0.67 | 0.015 | 0.011 | 0.25 | 1.85 | 0.30 0.18 
Ye Ae 4640 0.43 | 0.69 | 0.009 | 0.018 | 0.30 | 1.78 | 0.29 0.20 
< = ee 4680 0.74 | 0.77 | 0.012 | 0.011 | 0.19 | 1.81 | 0.30 0.21 
- ae 5120 0.23 | 0.85 | 0.023 | 0.025 | 0.28 1.00 
OY 5120P2 | 0.23 | 0.85 | 0.036 | 0.025 | 0.28 1.00 
; oi eeee 5140 0.38 | 0.80 | 0.014 | 0.034 | 0.19 0.87 
3816 5140P* | 0.40 | 0.81 | 0.037 | 0.024 | 0.16 0.89 
5135P* | 0.35 | 0.79 | 0.037 | 0.031 | 0.21 0.91 
See 5180 0.72 | 0.95 | 0.023 | 0.029 | 0.23 1.00 
Chie oncescctnsoe 5180P2 | 0.72 | 0.95 | 0.035 | 0.029 | 0.23 1.00 
a ae 8620 0.20 | 0.89 | 0.022 | 0.018 | 0.14 0.60! 0.68 0.20 
GE kc.b-eSeasiacner 8630 0.34 | 0.77 | 0.020 | 0.020 | 0.12 | 0.66 | 0.62 0.22 
8640 | 0.45 | 0.78 | 0.020 | 0.011 | 0.16 | 0.65 | 0.61 0.20 
8660 | 0.56 0.81 | 0.018 | 0.022 | 0.34 | 0.70 | 0.56 0.25 
2817 8680 | 0.76 | 0.81 | 0.020 | 0.011 | 0.11 | 0.67 | 0.60 0.22 


* Indicates a high phosphorus heat. 


minations 


the mechanical 


properties 

that will be obtained by the conventional 
tension test, provided that the orienta- 
_ tion of the tension specimen in the steel 
section and the structural state of the 


able assurance that the tensile properties 
will fall within rather narrow scatter 


bands. 


The tension test provides the yield 
strength values needed for design, or the 
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related tensile strength values sometimes 
employed; but it gives little information, 


TABLE II.—NORMALIZING AND AUS- 
TENITIZING TEMPERATURES, AS-AUS- 
TENITIZED GRAIN SIZE. 


| 
| |Normalizing Austenitic 


and Austeni-| Grain Size, 
Heat Nominal tizing ASTM 
Grade Tempera- | Classifica- 
ture, tion 
deg Fahr Number 

1650 9 
eee 1340 1550 8 
1450 8 
2320 1650 6-7 
Se 2330 1575 7-8 
ee 2340 1550 8-9 
1475 7-8 
1450 7-8 
1650 
1550 8-9 
1450 9 
3808-3........ 4120 1650 8-9 
4120P2 1650 | 8-9 
ee 4140 1550 8-9 
1550 | 8-9 
4180 1450 | 8-9 
4180P* | 1450 | 8-9 
2021.........| 4320 1650 | 89 
1575 | 8-9 
See 4340 1550 8-9 
4360 1475 7-9 
1450 8-9 
4620 1650 | 8-9 
| 4640 1550 7-8 
eee 4680 1450 8 
5120 1650 7-9 
5120P? 1650 8 
5140 1550 7-8 
3816.........| 5140P* 1550 8 
1550 7-9 
3813-3........ 5180 1450 8-9 
5180P2 1450 8 
1650 8-9 
2820.........| 8630 1575 7-9 
8640 1550 8-9 
2028.........| 8660 1475 8-9 
8680 1450 8-9 


* Indicates a high phosphorus heat. 


and that indirect, upon the propensity 
of ferritic steel to fail suddenly under 
unfavorable combinations of  trixial 
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stress pattern, stress concentration, high 
rates of loading, and low temperatures. 
The type of laboratory test most fre- 
quently used to evaluate the behavior 
of steel under these conditions is a 
notched impact test, of which the 
V-notch Charpy test is one form. This 
test imposes stress states and rates of 
loading that while not fully known are 
nevertheless reproducible. The breaking 
temperatures of the specimens also are 
under control. Data from the test are 
obtained in terms of absorbed energy 
and macroscopic appearance of the 
fracture surfaces of the broken speci- 
mens. 

Use of the hardness of the steel to 
predict its behavior in notched bar 
impact tests has been far less successful 
than in the case of the tension test. 
Obviously this comes about because the 
hardness determination and the impact 
test measure different combinations 
among the properties of the steel. Con- 
ditions that influence the notched bar 


data often do not change the hardness — 


at all. Only when the factors that cause 


deviations in the notched bar data are | 


known and recognized can hardness be 
used with other readily available knowl- 
edge as a telltale of the impact behavior 
to be expected. 

In a previous paper (4) the basic 
V-notch Charpy behavior of quenched- 
and-tempered alloy steels was discussed 


in detail. The relationship of impact — 
energy and fracture with tempering — 


temperature was shown for a number 
of commercial grades of alloy steel, and 


the different types of embrittlement that _ 
occur with tempering were defined. In | 


addition, the various criteria of transi- 


tion temperature, based on energy frac- — 


ture transition, were also discussed. 
In soft steel structures, tempered 
martensite, as well as others, one popular 


criterion of transition has been the 
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macroscopic rating of 0 per cent brittle 
fracture. Sometimes another percentage 
rating of the brittleness of the fractures 
has been chosen. In soft steel it has been 
the general observation that 0 per cent 
brittle fracture frequently represents a 
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Fic. 1.—Transition Temperature as a Func- 
tion of Tempering Temperature and Carbon 
Content for the 1300 Series. 
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Fic. 2.—Transition Temperature as a Func- 
tion of Tempering Temperature and Carbon 
Content for the 2300 Series. 


point on the upper half of the pronounced 
inflection that constitutes the energy 
transition. Within high-hardness ranges, 
tempered martensite does not show a 
macroscopically readable change to 0 
per cent brittle fracture. Thus, care 
must be taken not to push comparisons 
by this criterion too far into the less- 


tempered martensites. In the present 
study, 80 per cent of the maximum 
energy has been chosen as the criterion 
for this purpose. In the softer tempered 
martensites, that is, those tempered at 
about 1000 F and higher temperatures, 
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Fic. 3.—Transition Temperature as a Func- 
tion of Tempering Temperature and Carbon 
Content for the 3100 Series. 
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Fic. 4.—Transition Temperature as a Func- 
tion of Tempering Temperature and Carbon 
Content for the 4100 Series. 


80 per cent of the maximum energy 
corresponded roughly to the index of 
the 0 per cent brittle fracture, and so 
was comparable to the transition that 
has been used in many of the more 
recent investigations of impact transi- 
tion temperatures. 
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EFFECT OF CARBON AND 
ALLoy CONTENTS 


The following eight grades of alloy 
steel have been investigated: 1300, 2300, 
3100, 4100, 4300, 4600, 5100, and 8600. 
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_ Fic. 6.—Transition Temperature as a Func- 
tion of Tempering Temperature and Carbon 
Content for the 4600 Series. 


At least three carbon levels, 0.20, 0.40, 
and 0.80 per cent, were investigated, and 
for the 2300, 4300, and 8600 series, 
carbon levels of 0.30 and 0.60 per cent 
were also tested. The 4100 and 5100 
series were investigated at two levels of 
phosphorus content by utilizing split 
heats. These series have the same com- 
positions except for a molybdenum 
content in 4100, but lacking in 5100. 
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Analyses of all the steels investigated 
are given in Table I. 

The heats were made in a 500-lb 
laboratory induction furnace by fine- 
grain practice (deoxidized with 1} lb 
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Fic. 7.-—Transition Temperature as a Func- 


tion of Tempering Temperature and Carbon 
Content for the 5100 Series. 
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Fic. 8.—Transition Temperature as a Func- 
tion of Tempering Temperature and Carbon — 
Content for the 8600 Series. 


aluminum per ton). Sixty-five pound > 
ingots were poured from each heat. 

The ingots were forged to 3 by 23 in. © 
bars from which the impact specimens © 
were cut. To prepare the steel for — 
machining, the forged bars were normal- — 
ized from the temperatures listed in 
Table II, then heated for 1 hr at 1200 F, 
and air cooled. 
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The specimen blanks were austenitized 
for 30 min at the temperatures listed in 
Table II, oil quenched, tempered for 1 
hr, then water quenched. Austenitizing 
and normalizing prior to machining were 
performed at the same temperature; 
this temperature was varied with carbon 
content in order to obtain fine grain 
sizes, which are also recorded in Table 
II. The hardenability of all the grades 
investigated was sufficient to harden the 
impact specimens completely. 

The criterion of transition temperature 
used in this section is the temperature 
at 80 per cent of maximum energy. 

Further experimental details can be 
obtained from the interim reports on this 
contract. 


RESULTS AND DISCUSSION 


Experimental results are presented in 
Figs. 1 to 19. Figures 1 to 8 present 
transition temperature as a function of 
tempering temperature; Figs. 9 to 16 
present transition temperature and 80 
per cent of maximum energy as functions 
of hardness with carbon content as the 
parameter, and in Figs. 17 to 19 with 
alloy grade as the parameter. (Figures 17 
to 19 are presented in two parts, (a) and 
(b), to prevent crowding of the curves.) 

The variation of transition tempera- 
ture with tempering temperature may 
be discussed in relation to the various 
types of embrittlement exhibited by 
tempered martensite, namely, A-brittle- 
ness (so called 500 F embrittlement), 
B-brittleness, and temper brittleness. 
These various types of embrittlement 
are manifested by maxima in the curves 
of tempering temperature versus transi- 
tion temperature. 


A-Brittleness: 


A-brittleness is that embrittlement 
exhibited by tempered martensites in 
the tempering range of 500 F to 800 F. 
Recent work (8) indicates that the cause 
of this embrittlement is the formation 
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of a grain boundary cementite which 
manifests itself in the microscopic 
mechanism of fracturing which will be 
discussed in a later section. The strain- 
hardening exponent has been shown 
(9) to pass through a minimum in this 
tempering range. 

Figures 1 to 19 reveal that all the 
steels exhibit A-brittleness. The amount 
of A-brittleness and the tempering tem- 
perature at which the A-brittleness peak 
occurs are functions of carbon and alloy 
contents. The amount of A-brittleness 
is greatest for the 0.80 per cent carbon 
heat in each grade. 

The temperature at which the peak 
occurs varies at 0.40 per cent carbon 
level, for example, from 600 F to 800 F. 
For 4340 steel the peak is at the highest 
temperature, 800 F, and has the lowest 
transition temperatures at the low- 
tempering temperatures, that is, high- 
strength levels. The straight manganese 
1300 grade exhibits the greatest amounts 
of A-brittleness in general, while the 
molybdenum-bearing grades exhibit the 


leastembrittlement. 
It is believed that B-brittleness is 
caused by the formation of austenite 
upon tempering at 1200 F, which then 
transforms to martensite upon quenching 
from the temper or at a later time upon ~ 
testing. The formation of austenite on 
tempering 2340 at 1200 F has been 
observed metallographically. Further 
support for this explanation of B-brittle- 
ness is provided by the work of Bleakney 
and Grosvenor (10), and Dube and 
Cunningham (11), who studied the phase 
changes of straight nickel steels. 
B-brittleness is exhibited only by the 
2300 series (Fig. 2), a straight nickel 


grade. Slight reversals are exhibited also 


by 4640 and 5140, but the 2300 series is 
the only one which showed this behavior 
as a grade and to such a large extent. 
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It should be borne in mind that this 
behavior in the 2300 series is not a 
property of tempered martensites in the 
same sense as for the other grades but 
is rather a manifestation of the presence 
of freshly formed martensite and that 
similar embrittlement would probably 
be obtained in the other grades at 
tempering temperatures high enough to 
actuate the same mechanism. 


Temper Brittleness: 


The particular type of brittleness 
known as temper brittleness is also 
observed in some of the curves of Figs. 
1 to 19. Temper brittleness is developed 
in alloy steels by tempering in the range 
from 950 F to 1150 F for extended times 
or by cooling slowly through this range. 
The specimens used in the present study 
- were tempered for 1 hr and quenched. 
Ordinarily, this treatment would develop 
very little, if any, temper brittleness. 
However, with the exception of the 2300 
and 8600 series, the 0.80 per cent carbon 
heat of every grade of steel investigated 
exhibited a peak in transition tempera- 
ture at a tempering temperature of 1000 
F. Even in the 8600 series (Fig. 8), 
whereas the transition temperature for 
low-carbon contents decreased as the 
tempering temperature rose from 700 F, 
the transition temperature for 8660 did 
not decrease until the tempering tem- 
perature exceeded 1000 F, and for 8680 
the transition temperature did not de- 
crease at all. This peak at a tempering 
temperature of 1000 was generally not 
as high as the peak caused by A-brittle- 
ness at a tempering temperature of 500 
to 700 F. Thus, it has been shown that 
a high-carbon content aggravates temper 
brittleness; grades of steel which devel- 
oped no temper brittleness at low- and 
intermediate-carbon contents did develop 
temper brittleness in the 0.80 per cent 
carbon heats. 

An examination of the temper em- 
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ate 

brittlement maxima obtained by tem- 
pering the 0.80 per cent carbon heats at 
1000 F (Fig. 19 (a) and (6)) indicates the 
beneficial effect of molybdenum in 
minimizing temper brittleness. Grades 
2380, 4380, and 8680 exhibit no maxima 
at all. Of these, 2380 is a straight nickel 
grade and the other two contain molyb- 
denum. The remaining grades fall into 
the following order as regards amount of 
temper brittleness exhibited with 4100 
showing the smallest peak and 5100 the 
largest: 4100, 4600, 1300, 3100, and 
5100. The 4100 and 4600 grades contain 
molybdenum and the 1300, 3100, and 
5100 do not. Thus, the three worst 
grades, insofar as temper brittleness is 
concerned, contain no molybdenum, 
while those grades which exhibit less or 
no temper brittleness do contain molyb- 
denum; the straight nickel grades also 
exhibit no temper brittleness. 


Transition Temperature versus Hardness 
and Alloy: 


The curves of transition temperature 
versus hardness have the same general 
shape as those of transition temperature 
versus tempering temperature; however, 
they are displaced relative to one an- 
other because of the use of the different 
abscissa. Consider first the curves of 
Figs. 9 to 16. With the exception of 
the temper brittleness exhibited at a 
Rockwell hardness around C 40 in the 
0.80 per cent carbon heats, the curves 
of transition temperature versus hardness 
are somewhat homologous within any 
one grade, the curves being displaced 
toward higher hardness as carbon con- 
tent increases. This includes the 
A-brittleness peak which moves toward 
higher hardness as the carbon content 
increases. The height of this peak is the 
greatest for the 0.80 per cent carbon 
heat in each grade and is the lowest for 
the 0.40 per cent carbon heat in the 1300, 
4600, 5100, and 8600 series. The height 
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of the peak in the 0.20 per cent carbon 
heat is the lowest for the remaining 
grades with the exception of the 4100 
series in which the 0.20 and the 0.40 
per cent carbon heats have peaks of 
equal height. 

The carbon content with the lowest 
transition temperature for any given 
hardness depends upon the particular 
hardness chosen. Although it is difficult 
to generalize, the best over-all compro- 
mise seems to be carbon contents of 
0.40 and 0.30 per cent, which generally 
have the lowest transition temperatures 
at Rockwell hardnesses under about C 40 
and above C 49. Exceptions are the 
low-carbon heats of the 2300, 4100, and 
4300 grades which have lower transition 
temperatures as-quenched or tempered 
only slightly than steels of higher carbon 
contents at the same hardness. 

Examine now Fig. 13, in which are 
presented the transition temperature 
data for the 4300 series. Although the 
transition temperature is a function of 
the hardness and the carbon content, 
the maximum energy (or 80 per cent 
of the maximum energy) is dependent 
only on hardness, within a narrow band. 
Within this band, at a given hardness, 
the energy generally increases as the 
carbon content decreases. It will be 
noted that the width of the band is much 
greater for most of the other grades, 
especially for the 1300 and 5100 series. 
It is generally true, however, that for 
any grade the impact energy increases 
as the carbon content decreases for any 
given hardness. The same sort of an 
analysis applied to Figs. 17 to 19 indi- 
cates that steels of various alloy grades, 
but of the same carbon content, likewise 
do not exhibit a unique relationship 
between 80 per cent of maximum energy 
and hardness, but that a band is ob- 
tained for this function. This is particu- 
larly true of the 0.20 and 0.40 per cent 


carbon heats. The 0.80 per cent carbon 
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heats exhibit considerably less scatter 
in their 80 per cent of maximum energy 
versus hardness curve. The disposition 
within the band is different for these 
figures than for Figs. 9 to 16 in that the 
relative positions of the various alloy 
grades differ at the different carbon 
levels, whereas in Figs. 9 to 16 it was — 
generally true that the lower the carbon 
the higher the energy for a given hard- 
ness. 

The question of which alloy or com- 
bination of alloys best promotes low 
transition temperatures is one of vital 
interest to all engineers who design 
structures for low-temperature service. 
Stated in other words, the question is 
this: ‘‘For a given hardness and possibly | 
for a given carbon content, which grade — 
of steel will give the lowest transition 
temperature?”’ Examination of Figs. 17 
to 19 indicates that, on the basis of 
transition temperature, there is no © 
consistent rating that can be assigned — 
to the various grades of steel at all 
carbon contents or hardness levels. 
Whereas at certain hardnesses there is _ 
very little spread in transition tempera- 
ture for all grades of steel, that is, 
Rockwell C 34 in the 0.20 per cent 
carbon steels, at other hardness levels _ 
the spread may amount to several 
hundred degrees. Moreover, a grade that 
appears to be superior at one hardness 
level or carbon content may not be so- 
at a different hardness or carbon content. 
For example, the 33 per cent nickel 
grade 2320 has low transition tempera- 
tures over most of the hardness range, 
while this same grade at higher carbon — 
contents is intermediate or inferior to 
other grades. Likewise, the nickel- 
chromium-molybdenum steel 8620 is 
superior at the lowest hardnesses but — 
varies from intermediate to poor at _ 
other hardness levels and carbon con- © 
tents. Similar relationships prevail for 
the various other grades tested. However, 
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the four molybdenum-containing grades 
investigated, 4100 (chromium-molyb- 
denum), 4300 (nickel-chromium-molyb- 
denum), 4600 (nickel-molybdenum), 
and 8600  (nickel-chromium-molyb- 
denum) series, among them had the 
lowest transition temperatures at most 
of the carbon contents and over most 
of the hardness range. Furthermore, at 
no carbon or hardness level does a molyb- 
denum-containing steel have the — 
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Transition Temperature, 
deg Fahr (Temperature 
at 80 percent of Maxi- 


mum Ener 


498 SHEEHAN AND SCHWARTZBART 


that for a different heat treatment the 
curves would have a different relation- 
ship to one another. In particular, a 
tempering temperature treatment more 
conducive to temper brittleness might 
change the order of the curves at low 
hardnesses. ) 

One behavior exhibited by 0.20 per 
cent carbon alloy steels which can be 
observed in Fig. 17 is manifested by the 
Yo 


ead 
+4 


0.10 0.20 0.30 


040. 050 0.60 0.70 080 
Carbon Content 


j Fic. 20.—Interrelations Among Carbon Content, Hardness, and Transition Temperature for the 


2300 Series. 


transition temperature, or does a grade 
containing no molybdenum have the 
lowest transition temperature. As will 
be discussed later, the beneficial effect 
of molybdenum may be due to its role in 
offsetting the embrittling effects of 
phosphorus. 

The important conclusion to be 
reached from this discussion is that no 
one alloy grade is superior at all carbon 
and hardness levels, even within the 
limits of the present investigation. (it 
should be emphasized at this time that 
= curves apply to the particular heat 


nearly vertical portion of the curves at 
the as-quenched hardness. Tempering 
these steels at temperatures up to 600 F 
does not decrease the hardness but may, 
in fact, increase the hardness slightly; 
the transition temperature is, however, 
increased to a large extent by the tem- 
pering temperature. 

Three variable plots summarizing the 
interrelations among hardness, carbon 
content, and transition temperature for 
the 2300, 4300, and 8600 series are 
presented in Figs. 20 to 22. These curves 
have already been adequately discussed 


treatment used in this investigation and 


a 
= 
| 
| 
© 
| 
‘ al 
‘ 


On Impact PROPERTIES OF ALLOY STEELS 889 


nd previously. The three-variable represen- CoMMERCIAL HEATS 

he tation is a convenient, clear method of The discussion of the preceding section 

» presenting these data and for studying on the effects of alloy and carbon con- 
. the relationships obtained. tents on transition temperatures applies 
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at the 0.40 per cent Carbon Level. 


to laboratory induction melted 500-lb 
heats with which it was attempted to 
maintain all conditions constant except 
the variables under investigation, 
namely, alloy and carbon content. As a 
part of this program, commercial heats 
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The transition temperature and values 
of 80 per cent of maximum energy are 
presented in Fig. 23 where they can be 
compared with the data on the labora- 
tory heats presented in Fig. 18. 

An examination and comparison of 


— 4180 8180, 


\ 
\ 


400+ — 4140 — 5140 
--- 4140P --- 5I40P 
> 300} 
. a 
2004 
= 
-200} 
2 300} — 4120 3120 
* --- 4120P 


i 


-200 


L 


600 


1000 
Tempering Temperature, deg Fahr 


200 600 1000 


Fic. 24.—Effect of Phosphorus on Transition Temperatures for the 4100 Series Which Contains 
Molybdenum and the 5100 Series Which Has the Same Analysis as the 4100 Series Except That It 


Contains No Molybdenum. 


of the eight grades of steel were examined 
in a like manner. Some of the heats were 
basic open-hearth and some _ basic 
electric-furnace heats. They were all of 
the same fine ASTM grain size,‘ in the 
heat-treated condition, as the laboratory 
heats, and contained 0.40 per cent 
carbon. 


‘Classification of Austenite Grain Size in 
Steels (E 19 - 46), 1955 Book of ASTM Stand- 
ards, Part 1, p. 1602. 


Figs. 23 and 18 reveals the following 
information: 

1. 80 per cent of maximum energy 
transition temperatures are, as a group, 
higher for the commercial heats than 
for the laboratory heats. 

2. Maximum energy values obtained 
above the transition range are also 
higher for the commercial steels than 
for the laboratory heats. 

3. As in the case of the laboratory 
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steels, there is considerable variation in 
transition temperature among the vari- 
ous grades with different tempering 
treatments or hardnesses. However, in 
many respects, the data from the com- 
mercial heats bear out the data from 
the laboratory heats. Thus, 4340 is best 
at high and low hardnesses and the 
molybdenum-containing grades have the 
lowest transition temperatures over most 
of the hardness range. In other respects 
the agreement is not good, notably in 
the case of 5140 steel which rates poor 
in the commercial and good in the 
laboratory heats at the 0.40 per cent 
carbon level. 


Bee 


The effect of phosphorus content on 
the impact properties of two grades of 
steel at three carbon levels is presented 
in Fig. 24. The two grades investigated 
were 4100, containing 1 per cent chro- 
mium and 0.20 per cent molybdenum, 
and 5100, which is the same as 4100 
except that it contains no molybdenum. 
The low phosphorus heats contained 
from 0.014 per cent to 0.023 per cent 
phosphorus, while the high phosphorus 
heats (signified by the letter “P’’) 
contained from 0.031 to 0.037 per cent 
phosphorus. 

It can be seen that the added phos- 
phorus has a deleterious effect on the 
transition temperature in every case 
except for grade 4180. It can further 
be seen that the transition temperature 
is elevated more for the steel containing 
no molybdenum, 5100, than for the steel 
containing molybdenum, 4100. Thus, 
molybdenum offsets the deleterious effect 
of phosphorus to a large extent. The 
low-phosphorus 4140 used in the present 
investigation has a molybdenum/phos- 
phorus ratio of about 11, and the 
high-phosphorus 4140 a ratio of about 6. 


EFFECT OF AUSTENITIC GRAIN SIZE 

Previous investigations have yielded 
conflicting results as to the effect of 
austenite grain size on the transition 
temperature of quenched-and-tempered 
steels. As will be shown by the results 
of the present investigation, this dis- 
crepancy is attributable to the fact that 
austenite grain size may or may not 
affect the transition temperature of 
tempered martensite, depending upon 
the tempering treatment or hardness and 
upon the index selected for determination 
of the transition temperature. 

The data obtained in the present 
investigation are presented in Figs. 25 
and 26. Two grades of steel, 2340 and 
4140, were investigated. The 2340 steel 
was a laboratory heat made by coarse 
grained practice (not aluminum killed) 
and the 4140 was a commercial heat 
made by normal fine grained practice. 
Austenitizing was for 30 min, tempering 
was for 1 hr, and the structure was 
tempered martensite throughout the 
specimen. All specimens were water- 
quenched after tempering. 

The curves of transition temperature 
versus grain size have been drawn as 
point-to-point lines, so that the reader 
will have to imagine smooth trends 
where experimental scattering seems to 
indicate otherwise. In general, the data 
for grade 4140, Fig. 26, indicates decreas- 
ing transition temperature with decreas- 
ing grain size. The criterion of 90 per 
cent brittle fracture does not yield as 
clear a picture as the other two criteria 
in this case. The 60 and 80 per cent of 
maximum energy show the strongest 
dependence of transition temperature on 
grain size at tempering temperatures of 
400 to 500 F, that is, at the highest 
strength levels investigated. Steel 2340, 
Fig. 25, appears to exhibit behavior 
similar to 4140. Whether the maxima 
exhibited by samples tempered at 500 F 
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Fic. 28.—Laboratory 5140 Steel, Coarse Grain (X 250). 


Austenitized 4 hr 1900 F, 5 min. 1550 F, oil-quenched. Tempered 1 hr at 400 F, water-quenched- 
Broken at —320 F. 


Arrows indicated transgranular fracture with respect to prior austenite grain boundaries. 

(a) Specimen fractured, then nickel-plated (b) Nickel-plated specimen as broken. Etched 
and cooled slowly from 1150 F to reveal prior in 2 per cent Nital. 
austenite grain boundaries upon etching with enti 
zephiran chloride 


Fic. 29.—Same Stee] and Treatment as in Fig. 28, Except Tempered 1 hr at 500 F (X 250). 


Arrows indicate intergranular fracture along austenite grain boundaries. 


(a) Nickel-plated and cooled slowly from (6) Nickel-plated specimen as broken. Etched in 
1150 F to reveal prior austenite grain bounda- 2 per cent Nital. 
ries. Etched in zephiran chloride. 
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or 600 F or 700 F is real or not is un- 
known. The 2340 does differ from the 
4140 in respect to the samples tempered 
at 1000 F or 1200 F. The transition tem- 
perature of samples of 2340 tempered at 
1000 F is not much affected by grain 
size, and those tempered at 1200 F 
exhibit a decreasing transition tempera- 


ture with increasing grain size. The 


On Impact PROPERTIES OF ALLOY STEELS 


507 
vealed by the impact test may have 
entirely different structural origins in 
the steel and yet look the same, not 
only in the absorbed energy but also to 
a degree in the macroscopic appearance 
of the fractures. Tempered martensite 
has a very uniform microstructure, but 
the appearance of impact fracture in 
this structural state varies widely with 


Fic. 30.—Laboratory 5140 Steel, Coarse Grain(X 250). 
Austenitized } hr 1900 F, 5 min. 1550 F, oil-quenched. Tempered 1 hr at 1200 F, water-quenched. 


Broken at —320 F. 


(a) Nickel-plated and cooled slowly from 
1150 C to reveal prior austenite grain bounda- 
ries. Arrows indicate transgranular fracture with 
respect to prior austenite grain boundaries. 
Etched in zephiran chloride. 


apparently unusual behavior is asso- 
ciated with the B-brittleness exhibited 
by steel 2340. The coarsened austenite 
did not exhibit B-brittleness in specimens 
tempered at 1200 F while the finer 
grained austenite did. This accounts for 
the behavior which is contrary to that 
usually observed. 


Microscopic FEATURES OF 
FRACTURING 


It is well known that brittleness re- 


(b) Nickel-plated specimen as broken, not 
embrittled. Etched in 2 per cent Nital. 


hardness. Also, unusual degrees of 
brittleness may be induced by some 
customary tempering cycles, as well as 
by others not so common in commercial 
practice. With the exception of temper- 
embrittled martensite, little is known of 
the relation between the microstructures 
of the tempered martensite and the 
features of the fracture that are respon- 
sible for the macroscopic brittle appear- 
ance. In view of this, impact fractures 
of tempered martensite were examined 
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_ Fic. 31.—Final Path of Fracture of Coarse Grain 2340 Steel. Etched in 2 per cent Nital ( 250). 


Tempered 1 hr at 400 F, and broken at —320F. The fracture path consists of transgranular 


cleavages and ductile partings, 


arrows Nos. 1 and 2, respectively. 


Fic. 32.—Transgranular Fracture Path of Coarse Grain 2340 Steel. Etched in 2 per cent Nital 


Tempered 1 hr at 400 F and broken at 212 F. Although the fracture surface shows nearly 100 per 
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Fic. 33.—Intergranular Fracture Path Along Prior Austenite Grain Boundaries of Coarse Grain 
i 2340 Steel. Etched in 2 per cent Nital (X 250). 
lar 
Tempered 1 hr at 500 F and broken at —320 F. 


_ Fic. 34.—Transgranular Fracture Path of Coarse Grain 2340 Steel. Etched in 2 per cent Nital — 
per X 250). 
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with the object of determining micro- 
scopically the features that constituted 
their macroscopically brittle character. 

The as-austenitized grain size had no 
effect on the essential features of the 
fractures other than to enlarge structural 
components such as prior austenite 
grains and martensite spines. In view of 
this, illustrations presented in Figs. 27 


Fic. 35.—Coarse Grain 2340 Steel. Etched in 2 per cent Nital (X 2000). 
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does not occur, at least not in the sense 
that the term has been used in designat- 
ing the fracture transition in soft steel. 
Instead, the bright facets that indicate 
brittleness diminish in number per unit 
area as the testing temperature is 
increased. Between these two extremes 
of soft- and hard-tempered martensites, 
there is a gradual change in the type of 


Tempered 1 hr at 1200 F, and broken at —320F. 
Arrow No. 1 shows ferrite cleavages, and arrows No. 2 indicate ferrite grain boundaries that 


participated in the fracture path. 


to 36 were made from fractured speci- 
mens where the as-austenitized grain 
size was ASTM Nos. 2 to 4.4 

In the soft martensites tempered at 
1000 F and above, the transitions from 
100 per cent brittle to 100 per cent 
ductile fracture roughly span the energy 
of transition. The fracture transition 
takes place by restriction of the brittle 
region to a smaller and smaller area until 
the brittle region disappears entirely at 
the higher testing temperature end of 
the transition. On the other hand, in 
relatively hard martensite, a macro- 
scopically observable fracture transition 


fracture in keeping with absorbed energy 
changes. 

One of the more striking observations 
of the fractured surfaces is the change 
in appearance of the facets in brittle 
specimens according to whether they are 
tempered below, within, or above the 
A-brittleness range. Figure 27 shows the 
low-temperature fractured surfaces of 
specimens tempered at 400, 500, and 
1200 F, respectively. The sequence of 
fracture from transgranular, to inter- 
granular to transgranular, with respect 
to prior austenite grain boundaries, will 
be discussed later. 
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Fic. 36.—Same Sample as Fig. 35 Showing a Different Area. Etched in 2 per cent Nital (X 2000). 


Arrow No. 1 indicates ferrite cleavage, No. 2 indicates fracture along ferrite grain boundaries, 
and No. 3 indicates transgranular cleavage across a number of similarly oriented ferrite grains. 


Specimens were sectioned normal to 
the fracture surface and examined along 
the path of fracture. In order to make 
these observations, the specimens were 
plated with nickel. This procedure pro- 
tected the fracture during preparation 
of the metallographic section. Additional 
studies were made to compare micro- 
scopic rating of per cent brittleness with 
macroscopic estimates of brittle fracture. 

The brittle fracture ratings for the 
various tempered martensites and testing 
temperatures are shown in Table III. 

The microscopic data were obtained 
by observations through a No. 5 grid 
Bausch & Lomb grain-size eyepiece, and 
then the per cent brittleness was esti- 
mated for each field across the fracture 
from the notch to the bottom of the 
specimen. These observations were made 
at magnifications of 150 to 300 X, 
depending upon the structures involved. 
Brittleness was arbitrarily defined in 
these measurements as cleavages or 
straight fracture partings, while torn or 
irregular fracture paths were considered 


ductile. 


TABLE III.—MICROSCOPIC EVALUA- 
TION OF FRACTURES. 


Specimen® | ature,| = | | as 
deg’ | | | 

QB1-19...... 400 | —320; 100] 51 
QB1-12...... 400 | +212 16 | 80] 11 
QB1-13...... 400 | +400 17 4 
QB2-19...... 500 | —320 134 100| 87 
QB2-11...... 500 | +85 6 | 49 
QB2-4....... 500 | +300 15 | . 18 
QB3-2....... 600 | —320, 144 100| 82 
QB3-10...... 600 | +150) 8 | 58 
QB3-3....... 600 | +600, 18 | 13 
QB5-14...... 800 | —230 3 | 100 | 58 
QB5-13...... 800} +50 24 | 50/ 32 
QB5-10...... 800} +300 29 | o| 5 
QB6-13...... 1000 | —230/ 4 | 100| 67 
Guee....... 1000 | —50 29 | 50| 27 
QB6-2....... 1000 | +200 42 | 0} 11 
QB7-11...... 1200 | —320 5 | 100| 74 
QB7-13...... 1200 | —120 384% 53 
QB7-10...... | 1200 | +200 6244, 0 | 13 


* Laboratory 2340 coarse grain. 

Prior heat treatment consisted of austenitiz- 
ing 4 hour at 2000 F, equalizing 5 min at 1550 
F, and oil quenching. Tempering time was 1 hr. 
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The microscopic evaluation of per cent 
brittle fracture reveals characteristic 
changes corresponding more closely to 
energy changes than the macroscopic 
rating of fracture. In the A-brittleness 
region, microscopic rating of specimens 
tempered at 500 F and broken in the 
transition range revealed 87, 49, and 18 
per cent brittle fracture from low to 
high testing temperature. This is to be 
compared with micro-brittle ratings of 
51, 11, and 4 per cent for specimens 
tempered at 400 F. 


Effect of Tempering Temperature Upon 
Fracture Path: 


In 100 per cent brittle fractures, the 
relation of fracture path to steel struc- 
ture depends upon the tempering treat- 
ment that has been given to the marten- 
site. The characteristic changes of 
fracture path, with respect to the prior 
austenite grain boundaries, are _ illus- 
trated by Figs. 28 to 30. These specimens 
were broken in the usual manner after 
the indicated treatment. The specimens 
were then sectioned and nickel plated. 
One-half was examined after etching 
with nital, and the other was temper 
embrittled in order to reveal more clearly 
the as-austenitized grain boundaries. 
Thus, upon etching with zephiran 
chloride reagent, the prior austenite 
grain boundaries were clearly delineated, 
and the paths of fracture, with respect 
to this feature of microstructure, became 
evident. Of course, as the temper em- 
brittlement took place after the speci- 
men was broken, it had nothing to do 
with the nature of the fracture. 

The fractures, illustrated by Figs. 28 
to 30 show a progression from trans- 
granular fracture after tempering at 400 
F, to intergranular after tempering at 
500 F, and again to transgranular after 
tempering at 1200 F. Transgranular and 
intergranular refer to the austenite 
grains present just prior to quenching, 


not to the derived ferrite grain structure 
of the tempered martensite. This same 
sequence of fracture type was noted 
previously by Grossmann (12) in impact 
fractures tested at room temperature. 

A further observation was made in the 
case of the intergranular path of 100 
per cent brittle fractures in the A-brittle- 
ness range. Not only was the main frac- 
ture path predominantly along grain 
boundaries, but subsidiary cracks at the 
grain boundaries were common. 


Influence of Testing Temperature Upon 
the Fracture at Given Hardness Levels: 


Up to this point, the discussion has 
been concerned with 100 per cent brittle 
fractures. Increasing the testing temper- 
ature brought about more evidence of 
ductility in the “‘brittle” portion of the 
fractures, and, in some instances, a 
change in the microstructural features 
that participated in the fracture path. 
As might be anticipated from the de- 
pendence of the 100 per cent brittle 
fracture type upon the tempering tem- 
perature, the evidence of increasing 
ductility, with rise in testing tempera- 
ture, likewise depends upon the hardness 
of the tempered martensite. The illustra- 
tions to follow will show the influence 
of increasing the testing temperature at 
a series of hardness levels. 

Below the A-Brittleness Range—As 
previously noted, macroscopically 100 
per cent brittle fractures of martensite 
tempered for 1 hr at 400 F display paths 
of rupture that are predominantly 
transgranular with respect to prior 
austenite grains. Numerous flat trans- 
granular facets give the fracture its 
brittle appearance, although some evi- 
dence of ductility is present even in 
specimens broken at —320 F. This is 
illustrated in Fig. 31. As recorded in 
Table III, 51 per cent of the fractured 
surface of the specimen tempered at 400 
F and tested at —320 F is brittle by 
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microscopic measurements. As the test- 
ing temperature is raised, deformation 
at the fractured surface increases gradu- 
ally, until at 212 F only 11 per cent of 
the fracture is brittle, as illustrated in 
Fig. 32. Concomitantly, there is a de- 
crease in the number of plane trans- 
granular facets per unit area of macro- 
scopically brittle area. 

The microscopic observations confirm 
the macroscopic appearance. The plane 
transgranular facets give the fracture a 
brittle appearance over a considerable 
range of testing temperature. As the 
plane transgranular facets disappear, the 
appearance of the central regions of the 
fractures of the specimens broken at 
successively higher temperatures slowly 
become less brittle without ever exhibit- 
ing an abrupt fracture transition. As the 
fracture transition is gradual, so also is 
the rise in energy with increase in the 
testing temperature. The disappearance 
of the last of the plane transgranular 
facets from the fracture corresponds in 
general to the levelling out of the energy 
curve at the maximum value. In the 
particular set of specimens used in the 
illustrations in Figs. 31 and 32, this 
occurs between 150 F and 200 F on the 
testing temperature scale. At about the 
same testing temperature, the fracture 
becomes macroscopically unreadable. On 
the last appearance of plane facets, the 
central area on which they are distrib- 
uted constitutes about 75 per cent of the 
surface of the fracture. 

Within the A-Brittleness Range——As 
previously noted, the 100 per cent brittle 
fractures of martensite tempered within 
the A-brittleness range were predomi- 
nantly intergranular with respect to the 
prior austenite grains. With increase in 
testing temperature, the intergranular 
type of fracture persists, giving way but 
slowly to fractures that show evidence 
of cold work. The two extremes of the 
testing temperature series are illustrated 
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by Figs. 33 and 34. In Fig. 33, at a test- 
ing temperature of —320 F, the fracture 
is almost entirely intergranular. In Fig. 
34, at a testing temperature some 800 F 
higher, the fracture shows the same sort 
of superficial deformation in the imme- 
diate vicinity of the rupture that is 
noted in the specimens tempered at 400 
F. The energy curve for the particular 
series is just approaching its maximum 
at the testing temperature of 500 F. 

Thus, A-brittleness is characterized 
by intergranular fracture at all testing 
temperatures where bright facets appear 
on the fractured surface, and, in this 
respect, differs from the fractures of 
specimens tempered at 400 F. On the 
other hand, the evidences of ductility 
that come about gradually with increase 
in testing temperature are microscopi- 
cally indistinguishable from those ob- 
served with specimens tempered at 400 
F. On attainment of the maximum 
energy in the energy-testing temperature 
relation the ruptures of specimens 
tempered at 400 F and 500 F are alike 
in microscopic appearance, showing but 
a very superficial cold-worked region 
immediately adjacent to the path of 
rupture. The path of the ductile rupture 
is transgranular. Thus, in the specimens 
tempered at 400 F, both brittle and 
ductile rupture are transgranular, while 
on tempering at 500 F, there is a change 
in the microstructural features that 
participate in the rupture, for the brittle 
rupture is intergranular and the ductile 
rupture is transgranular. 

Above the A-Brittleness Range—At 
tempering temperatures above A-brittle- 
ness, the 100 per cent brittle fractures 
are characterized by a mixture of inter- 
granular and transgranular brittle part- 
ings. 

In martensite tempered at 1000 F and 
1200 F, the brittle fractures continue to 
be transgranular with respect to the 
prior austenite grains, as shown in Figs. 
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35 and 36. There is, however, a marked 
shortening of the interval of testing 
temperature required to bring about the 
transition from 100 per cent brittle to a 
completely ductile fracture, and this is 
accompanied by macroscopically evident 
restriction of the region of the fracture 
in which plane transgranular facets 
occur. These changes in fracture appear- 
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Increase of tempering temperature 
from 800 F to 1200 F causes a gradual 
rise in the maximum energy level, a 
shift in the transition toward lower 
testing temperatures, and more abrupt 
energy and fracture transitions. The 
increase in maximum energy is explained 
by the increase in the depth of the cold- 
worked metal that accompanies fracture 


sed in the Experimental Studies. 


ance take place gradually as the temper- 
ing temperature is raised from 800 F to 
1200 F. The impact fractures change 
gradually from those wherein the central 
brittle appearance die away rather 
slowly with increase in testing tempera- 
ture to those wherein the remaining 
brittle portion of the fracture remain 
brittle in appearance but are restricted 
to a smaller central area of the fracture 
until the brittle area disappears entirely. 
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4 “ Fic. 37.—Geometry of Specimens With Respect to the Longitudinal Direction of the Steel Bars 


above the energy transition and by the 
increasing area of the fracture forming 
the peripheral region of ductile fracture 
within the energy transition range. 
Although the transgranular character 
of the brittle portion of the fracture is 
similar in the martensites that were 
tempered in the range of 800 to 1200 F, 
nevertheless the structural features of 
the tempered martensite become more 
easily distinguishable as the tempering 
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temperature is raised. This permits 
observation of the relation of the frac- 
ture to the ferrite grain structure of the 
martensite. For example, at 1200 F, it 
becomes evident with higher magnifica- 
tion that both the ferrite grain bound- 
aries and the ferrite cleavage play parts 
in the propagation of brittle fracture in 
soft-tempered martensite. This is illus- 
trated by Fig. 35. Ferrite cleavage may 
be seen at arrow 1. Arrow 2 indicates 
ferrite grain boundaries that participate 
in the fracture path. These ferrite grain 
boundaries are not usually the ferrite 
grain boundaries that correspond to the 
limits of the prior austenite grains. 

At arrow 3 in Fig. 36, transgranular 
cleavage across a number of ferrite grains 
is indicated. Similarly-orientated ferrite 
grains derived from martensite needles 
are commonly observed to etch alike and 
thus appear as one large ferrite grain. 
This feature is frequently observed in 
the soft tempered martensite. 


ANISOTROPY 


The orientation of the test specimen 
with respect to the direction of rolling 
elongation in rolling or forging affects 
the ductility values obtained in any 
given mechanical property test. The 
relation of ductility to orientation may 
be seen in the reduction of area and 
elongation values obtained in the tension 
test and in the maximum energy values 
obtained in the V-notch Charpy test. 

With the notched bar impact tests, the 
critical geometrical feature is the posi- 
tion of the notch in the specimen with 
respect to the axis of elongation during 
rolling or forging. By convention, a 
longitudinal Charpy specimen has its 
long axis parallel with and the notch at 
right angles to the direction of rolling. 
There are further conventions for the 
notch where more than one geometry is 
allowable, for example, in specimens 
taken from a flat bar or plate. Flat bars 
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were used in the present study. The 
methods of sampling and the orientations 
of the notches in the specimens are 
illustrated by Fig. 37. 

The maximum energy levels obtained 
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Fic. 38.—Effect of Specimen Orientation on 
80 per cent of Maximum Energy Values, from V- 
Notch Charpy Tests of Tempered Martensites of 
Different Hardness Levels Produced in 4300 
Steels of Various Carbon Contents. 


in the V-notch Charpy tests have long 
been known to be consistently higher for 
longitudinal than for transverse speci- 
mens, if both types of specimens are 
taken from the same piece of steel and 
have received identical heat treatment. 
The general trend to be expected may 
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be seen in Fig. 38. In the 4300 steels 
under consideration, the difference be- 
tween longitudinal and transverse values 
varies with the hardness and carbon 
content. The difference in the absorbed 
energy is greater the lower the hardness 
and carbon content. 

Longitudinal and transverse properties 
determined by the V-notch Charpy test 
give some indication by their divergence 
of the best and the worst to be expected 
of a given piece of steel. Neither extreme 
may be realized in actual service due to 
the stress conditions present in the 
machine part and the relation of the 
stress pattern to the directional proper- 
ties of the steel. Indeed, it is a rule of 
good design that the worst directional 
properties of the steel should be placed 
in the part in such a way that they are 
not subjected to the most unfavorable 
combinations of stress. 

The differentials by which the maxi- 
mum energy values obtained with 
longitudinal specimens exceed the values 
obtained with transverse specimens are 
not always those shown in Fig. 38. The 
difference may depend upon a number 
of factors. Among these may be men- 
tioned the segregation structure of the 
ingot, fortuitous inclusions in the ingot, 
and, with small reductions, the amount 
and nature of the reduction process used 
in fabrications. 

The energy curves for transverse 
specimens were similar to those obtained 
with longitudinal specimens, except 
that the maximum energy levels were 
much lower and the energy transitions 
less pronounced. In view of the low 
maximum energy values, determination 
of the transverse transition temperatures 
at 80 per cent of the maximum energy 
was more uncertain than in the case of 
longitudinal specimens; however, in the 
4300 grades the transverse transition 
temperatures were about the same or 
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lower than the corresponding longi- 
tudinal transition temperatures. 

While the above conclusion was valid 
for the 4300 grades and a few others that 
were investigated in both the transverse 
and longitudinal directions, data re- 
ported in the literature indicate that 
this relation may not hold universally. 
Transverse notched bar properties need 
more study from a metallurgical stand- 
point. 


SUMMARY 


1. The effects of carbon and alloy 
contents on the impact properties of 
quenched-and-tempered steels can be 
discussed in terms of their effects on the 
various types of embrittlement exhibited 
by tempered martensite, namely, A-brit- 
tleness (so called 500 F embrittlement), 
B-brittleness, and temper brittleness. 

All the steels examined exhibit 
A-brittleness, which is that embrittle- 
ment which developed in the tempering 
range of 500 to 800 F. The amount of 
A-brittleness and the tempering temper- 
ature at which the peak occurs are 
functions of carbon and alloy content. 
The amount is greatest for the 0.80 per 
cent carbon heat in each grade. In the 
case of 4340 steel the peak occurs at the 
highest temperature, 800 F, and this 
grade has the lowest transition tempera- 
tures at the low-tempering temperatures, 
that is, high-strength levels. The straight 
manganese 1300 grade exhibits the 
greatest amounts of A-brittleness in 
general while the molybdenum-bearing 
grades exhibit the least embrittlement. 

B-brittleness, relatively high transition 
temperatures exhibited at a tempering 
temperature of 1200 F, is developed in 
the 2300 series. This is believed to be 
caused by the presence of austenite 
formed on tempering, which transforms 
to martensite on quenching from temper- 
ing, Or upon testing. — 
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Temper brittleness, developed by 
tempering in the range from 950 to 1150 
F for extended time or by cooling slowly 
through this range, is observed in the 
().80 per cent carbon heat of most of the 
grades investigated. Addition of molyb- 
denum minimizes temper brittleness. 

No one alloy grade is superior in 
respect to low transition temperature at 
all hardnesses and carbon contents. The 
spread between grades is great at some 
hardnesses and small at other levels. 
Generally speaking, the various grades 
containing molybdenum among them 
had the lowest transition temperatures 
at most of the carbon contents and over 
most of the hardness range. 

2. Phosphorus has an adverse effect 
on the transition temperatures of 4100 
and 5100 grades of steel. Molybdenum 
offsets this adverse effect to a large 
extent. 

3. In general, transition temperature 
varies directly with austenitic grain size 
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4. Metallographic studies correlating 
impact behavior with the microscopic 
features of fracturing are presented. 

5. For the 4300 grade, maximum 
absorbed energy is greater for Charpy 
specimens cut out longitudinally to the 
working direction than transversely to 
the working direction, the difference 
being greater the lower the hardness 
and carbon content. 
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should like to comment on the criterion 
for transition temperature that has been 
used in the paper. The criterion used was 
80 per cent of the maximum energy. This 
raises the question as to just what do the 
- authors consider the maximum energy 

to be. Is it the value at room tempera- 
tase? Suppose higher values were ob- 

tained at lower or higher temperatures, 
would the highest value so obtained be 
used? 

The authors say that this criterion 
corresponded approximately to the onset 
of brittle fracture. This statement may 
be applied only to steels having a com- 
pletely fibrous fracture at the tempera- 
ture used for selecting the maximum 
value. Many steels, either because of 
heat treatment or of composition, do not 
have a fibrous fracture at the highest 
test temperature used so that taking 80 
per cent of the maximum energy value is 
meaningless as a criterion for transition 
temperature of such steels in the sense 
used by the authors. In the curves shown 
toward the latter part of the presenta- 
tion, where energy values ranged roughly 
from about 15 to 30 ft-lb, I would guess 
that even at room temperature the steels 
were predominately brittle in their 

fracture characteristics. 

I should like to suggest that the task 

of setting a standard definition for transi- 
{ tion temperature is a suitable job for the 
_ American Society for Testing Materials. 


1 National Bureau of Standards, Washington, 
Be 


been a tremendous amount of work done 
here, and it is very useful and interest- 
ing. Having had the opportunity of 
seeing some of the initial reports that 
were written, this publication is a synop- 
sis of all those reports. 

A large number of heats were investi- 
gated. There is one thing missing that 
should be considered for further work, 
and that is the absence in any instance 
of two heats of the same general type, 
so that we do not know the variability 
between heats. This could be very im- 
portant, because it gives a basis on which 
to judge how significant the results may 
be. 

Another thing is, there is straight 
manganese, straight chromium, and 
straight nickel steel here, but no straight 
molybdenum steel. Of course this may 
be because there is no straight molyb- 
denum steel of this type being used, but 
in speaking of the individual effect of 
alloying elements something on molyb- 
denum would be very useful. 

Mr. Georce Sacus.*—I have been 
working on super-high strength steels for 
many years and developed the notch- 
tension test for the purpose of evaluating 
the tendency of such steels for embrittle- 
ment in the presence of stress concentra- 
tions. This test is now also extensively 
used for a variety of other materials, 


2 Head, Steel Section, The International 
Nickel Co., Inc., Bayonne, N. J. 

3 Director, Metallurgical Research Lab., Syr 
acuse University, Syracuse, N. Y. 
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including high-temperature alloys, tita- 
nium, and ship steels. 

Recently, there has been an oppor- 
tunity to compare the scattering of im- 
pact-test and notch-tension. data, pre- 
sented in the accompanying Fig. 39. 
The impact energy is found to scatter 
considerably more than the notch 


obtain such an expanded set of test val- 
ues the following procedure was used: 
(1) Each set of test data was averaged 
and the average value was assigned 
“zero” deviation, (2) the percentage 
deviation from this value was determined 
for each test of the set, (3) such results 
of a number of sets, differing in heat 


Reduced to a Basis of 200 Tests 
per Set. 
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Fic. 39.—Comparison of Distribution Curves for Respective Sets of Data. 


strength. This means that a large number 
of parallel tests would be required to ar- 
rive at accurate impact data. In addition, 
the transition of heat-treated steels is 
not sudden within a narrow temperature 
range, as that of normalized steels, but 
very gradual. It appears, therefore, 
rather difficult to establish a definite 
transition temperature for such steels 
from impact data. The above-shown 
graph illustrates frequency curves. To 


treatment, were plotted in the same co- 
ordinate system. 

Mr. Davin E. (by letier).— 
The authors are to be congratulated on 
the thoroughness used in their investi- 
gations. With one exception, the state- 
ments are ably supported by data. The 
one exception is the effects of rare earth 
on 4330 steels containing sulfur. The 


4 Chief, Mechanical Test Section, Watertown — 
Arsenal, Watertown, Mass. 
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authors infer that the addition of rare 
earth increases the energy values by a 
ratio of approximately 4 to 1. Figures 
37 and 38 show that rare earth additions 
to 4330 steels having 0.020 and 0.038 per 
cent sulfur have no effect on longitudinal 
impact properties until tempering tem- 
peratures of 1000 F are reached. Even 
then the effects are small, but these same 
rare earth additions do have an effect on 
the transverse properties of both the 
0.020 and 0.038 per cent sulfur bearing 
steels. In this case, the energy values are 
increased by an approximate ratio of 2 
to 1. 

Messrs. J. P. SHEEHAN AND HARRY 
SCHWARTZBART (authors’ closure).—In 
answer to Mr. Rosenberg’s questions 
concerning the use of 80 per cent of 
maximum energy as a criterion for transi- 
tion temperature, we offer the following 
explanation. For all steels tested, it was 
found that the impact energy testing 
temperature curve reached a maximum 
with increasing temperature and then 
remained fairly constant with further 
increase in testing temperature. This 
was true for all conditions of heat treat- 
ment and hardness. With the softer tem- 
pered steels there was an accompanying 
change in the fracture appearance from 
cleavage to shear, and completely shear 
fractures were obtained at about 80 per 
- cent of maximum energy. The higher 
hardness steels did not undergo a clear- 
cut change in fracture appearance and 
in many cases remained partially brittle 
even when the testing temperature was 
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equivalent to the tempering temperature, 
that is 400 to 700 F. Thus, it was impos- 
sible to select a fracture criterion of tran- 
sition that would apply to all conditions 
of heat treatment except for one at the 
lower end of the transition curve where 
the fractures were predominantly brittle. 
Therefore the 80 per cent of maximum 
energy criterion, which could be applied 
to the steels at all hardness levels, was 
chosen. 

With regard to Mr. Miller’s comments, 
we agree that it would have been very 
interesting to test several heats of the 
same grade to determine the variability 
between heats. Such a project is cur- 
rently being conducted on ship plate 
steels by the National Bureau of Stand- 
ards under the joint sponsorship of the 
Ship Steel Committee and American 
Iron and Steel Institute. Also, data on a 
straight molybdenum grade would have 
been interesting but perhaps not useful 
since these steels are not used in large 
quantities. 

The influence of rare earths on trans- 
verse properties at the higher tempering 
temperatures was found to be quite bene- 
ficial. As Mr. Driscoll points out, there 
was an increase in maximum impact 
energy of about 100 per cent with rare 
earth additions. Our reference to a ratio 
of 4:1 may have been misleading. We 
were merely citing the difference between 
the high (0.038 per cent) sulfur steel 
without rare earth additions (about 15 
ft-lb) and the low (0.020 per cent) sul- 
fur steel with rare earth additions (about 
60 ft-lb), which is in the ratio of 1:4. 
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Care E, HarTBower' 


CRACK INITIATION AND PROPAGATION IN THE V-NOTCH 
CHARPY IMPACT SPECIMEN*f 


SYNOPSIS 


Because the energy value obtained from conventional V-notch Charpy 


impact tests integrates the crack-initiation and crack-propagation stages of 


conventional impact testing technique to permit differentiation between the 


crack initiation and propagation stages. 


Two approaches were investigated. Both involved the initiation of a crack 
by means of an initial low-energy blow of the impact-machine pendulum. The 
first method determined the highest temperature at which the initial low blow 
caused complete fracture of the test specimen, that is, the temperature at which 


the fracture process, it was deemed necessary to investigate a modification of 


the low blow initiated a crack which then propagated by continuous release 


of the elastic-stress field developed by the initial low blow. The second method 


required the measurement of lateral expansion after the crack-initiating low 
blow and again after a second, fracturing blow. 

Multiple low blows delivered at or below the brittle-fracture transition tem- 
perature provided a possible explanation for brittle fractures in service which _ 
have occurred under conditions of static load or low nominal stress. 


Previous Work: 


This report is the third of a series with 
the over-all objective of evaluation and 
improvement of the Charpy impact test. 
The first paper discussed the Poisson ef- 
fect as it occurs in Charpy impact speci- 
mens (1).2 It demonstrated that the de- 
formation attending the fracture of a 
Charpy bar can be measured as either 
lateral contraction occurring under the 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1957. 

+ The opinions or assertions contained herein 
are the private ones of the author and are not 
to be construed as official or reflecting the views 
of the Dept. of the Army. 

1 Chief, Metals Fabrication Branch, Water- 
town Arsenal Laboratories, Watertown, Mass. 

2? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 538. 


notch or lateral expansion at the com- 
pression surface of the test bar. In 
pearlitic steel, a linear relationship was 
shown to exist over an appreciable range 
of energy absorption between lateral 
contraction, lateral expansion, and 
energy to fracture. 

The objective of the second paper was 
to evaluate certain performance criteria 
and a particular definition of transition 
temperature for use in V-notch Charpy 
slow-bend tests (2). Transition tempera- 
ture was defined as the highest tempera- 
ture at which sudden and complete frac- 
ture occurred at maximum load, that is, 
zero energy after maximum load (Fig. 1). 
The definition was based on (a) an experi- 
mental observation by Raring (3) that 
the start of crack propagation in the 
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thickness direction of V-notch Charpy 
slow-bend bars coincides with the maxi- 
mum in load as determined from the 
load-deflection diagram and (0) a sugges- 
tion by Orowan (4) that one may differen- 
tiate between ductile and brittle fracture 
by noting the manner in which the 
initiating crack is propagated—a brittle 
fracture crack is propagated by con- 
tinuous release of the elastic stress field 
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it was concluded that the amount of 
deformation attending brittle fracture 
provided a measure of the relative em- 
brittlement of a series of steels or a 
given steel under various metallurgical 
conditions. Based on the assumption 
that the deformation measured in the 
fractured test specimen preceded brittle 
crack propagation, it was concluded that 
the deformation measured in specimens 


Maximum Load 
=e =u 
% 
Partial q 
(Ductile) 
Lateral Growth of Initiating Propagation of Crack Pa 
1000 Crack 7 
| 
0.2 0.3 04 


Deflection, in. 


Fic. 1.—Crack Initiation and Propagation in V-Notch Charpy Slow-Bend Testing. 


The depth of the initiating crack is essentially constant up to maximum load; whereas, the width 
of crack increases laterally until at maximum load the crack extends to the sides of the test speci- 
men. Beyond maximum load the crack propagates in the thickness direction with an attendant loss 
of load-carrying capacity. When the initiating crack propagates by continuous release of the elastic- 
stress field surrounding the crack (zero energy after maximum load), the fracture is considered to be 


brittle. 


surrounding the crack, whereas a ductile 
fracture crack requires plastic-deforma- 
tion work to extend the crack. Thus, with 
zero energy (work) after maximum load, 
fracture was considered to be brittle. The 
deformation (lateral expansion) meas- 
ured in the specimens which suddenly 
and completely fractured at maximum 
load was assumed to have occurred prior 
to crack propagation. An appreciable 
amount of deformation was found to 
occur in V-notch Charpy slow-bend 
specimens at the transition temperature; 


developing brittle fracture reflected only 
the crack-initiation stage of fracture, 
that is, the resistance of the material to 
bending and formation of the initiating 
crack. 

In V-notch Charpy impact testing, the 
energy value read from the calibrated 
machine pendulum constitutes an inte- 
gration of the various stages of the 
fracture process, that is, a summation of 
the energies required for bending, crack 
initiation, and crack propagation. A 
technique used at the Naval Research 
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Laboratory (NRL) (5) provides a method 
for separating the crack initiation and 
crack propagation stages. In the work con- 
ducted at NRL, specimens were tested 
in an impact machine in the conventional 
manner except that the kinetic energy of 
the hammer was varied by changing the 
mass or velocity of the hammer. Using 
multiple low-energy impact blows on 
medium-carbon steels, the investigators 
reported that the energy required to 
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MATERIALS 


The material used in this investigation 
was a single heat of steel purchased in 
the form of #%-in. square, annealed, 
machine-straightened, aircraft quality, 
electric furnace AISI 4340 hot-rolled 
steel rods. 

The chemical analysis obtained from 
20 samples picked at random from the 
rods was as follows: 


@ Unbroken Specimen ft-Ib 
Multiple Blows 
O Ruptured Specimen I5ft-ib 
go ‘Multiple Blows when Required 
©) Ruptured Specimen 240ft-Ib 
= 4 
| 
40 
a 
| 
20 
? 
_ Very Small Crack Observed 
-150 -!00 -50 ie) +50 +100 +150 


Temperature, deg Fahr 


Fic. 2.—Transition Behavior Obtained from Low-Energy Blows. 


initiate a crack is constant over a wide 
range of temperature, whereas the energy 
absorbed in extending a crack varies with 
temperature (Fig. 2). 


OBJECTIVE 


It is the objective of this investigation 
to introduce a simple variation in the 
NRL low-blow technique which will 
permit differentiation between the crack 
initiation and crack propagation stages of 
fracture in V-notch Charpy impact 
testing. 


Carbon, per cent............ 0.37 to 0.38 
Manganese, per cent......... 0.75 to 0.77 
Silicon, per cent............. 0.27 to 0.28 


re 0.013 to 0.015 
Phosphorus, per cent......... 0.013 to 0.016 
Nickel, per cent... 1.73 to 1.77 
Chromium, per cent......... 0.83 to 0.86 


Molybdenum, per cent....... 0.25 to 0.27 


Three heat treatments were used to 
develop a _ variation in hardness 
(strength) in the AISI 4340 steel: 


Condition A (Rockwell Hardness C 27) 
1. Heated to 1600 F, held 1 hr, oil quenched 
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90 
Condition A (Rc27) |* 
BO} *Fibrosity — 


e Energy 
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Condition B (Rc34) 


2. Heated to 1030F, held 14g hr, oil 
quenched 
3. Heated to 570 F, held 3 hr, air cooled 


Condition C (Rockwell Hardness C 45) 


1. Preheat to 1150 F 

2. Heated to 1550 F (bumper furnace), held 
for 15 min, oil quenched 

3. Packed in dry ice for 10 to 12 hr 


O 4. Heated to 780 F, held 2 hr, oil quenched 
5. Heated to 375 F, held 3 hr, air cooled 
20 
- The microstructure produced by the 
4 


- above heat treatments was as follows: 


60 a Condition A (Re 27)—tempered mar- 
tensite with considerable fine carbide present 
and some evidence of grain boundary car- 
100 bide. 

Condition B (Re 34)—tempered marten- 


60 ss site with only a small amount of carbide 
_-present, mostly around the grain bound- 
sO ) = aries; the structure showed evidence of 

20 $ acicularity. 
Condition C (Re 45)—tempered martensite 
30 \ 49 ‘- With only a trace of fine carbide; the struc- 

= ture was acicular. 
20 A 60 8 

aad y s Figure 3 presents the transition curves 
10 so “ as obtained by conventional testing pro- 
0 if 100 cedure for material conditions A, B, and 
-200460 120-8040. 0440 From these curves it may be noted 


60 


Condition C (Rc 45) 
Fibrosity 


SOT Energy 


40 


30 


20 


10 


that there is very little difference indi- 
cated between conditions A and B except 
© —___ in the energy level corresponding to the 
20 upper portions of the energy-temperature 
_ curves. Condition C, on the other hand, 
40 __is indicated to be relatively notch-sensi- 
tive with no abrupt transition from high 


60 to low energy values. 


80 a3 
Test MeTHop 
iad 


10 
-80 -40 0 -40 +80 +120 


Temperature, deg Cent 


The proposed variation in low-blow 
technique consisted of three steps: First, 


Fic. 3.—Energy-Temperature and Fibrosity- the energy to initiate cracking was deter- 
Temperature Transition Curves as Obtained 
by Conventional V-Notch Charpy Impact Tests 
of Material—Conditions A, B, and C. 


mined; second, the effect of temperature 
(in the ductile fracture range) on the in- 
cidence and extent of initial cracking was 


2. Heated to 1200F, held 1% hr, oil 
quenched 
3. Heated to 570 F, held 3 hr, air cooled ’Data supplied through the courtesy of 


Condition B (Rockwell Hardness C 34) 
1. Heated to 1600 F, held 1 hr, oil quenched Arsenal Laboratories. 


Messrs. T. S. DeSisto and D. E. Driscoll of the 
Mechanical Metallurgy Branch, Watertown 
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SPECIMEN 


Fic. 4.—Initiating Cracks in Material—Condition A (Rc 27). 


The upper photomicrographs show typical cracks produced by a 20 ft-lb low blow at —100C; 
the lower, by a 30 ft-lb low blow at —100C. 
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7 Fic. 5.—Initiating Cracks in Material—Condition B (Rc 34). a 

The upper photomicrographs show typical cracks produced by a 15 ft-lb low blow at —100C; 
the lower, by a 20 ft-lb low blow at —100C. 
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investigated; and, third, the onset of 
brittle fracture was determined by noting 
the highest temperature at which either 
the crack-initiating low blow resulted in 
complete fracture or the low-blow-ini- 
tiated crack propagated under a second 
blow without evidence of plastic deforma- 
tion work. 

To determine the crack-initiating 
energy level, specimens were delivered a 


HARTBOWER ON V-NOTCH CHARPY IMPACT SPECIMEN 


527 


crack-initiating energy level for the 
materials under investigation. 

Attention is invited to the fact that the 
distinction between the crack-initiation 
and crack-propagation stages of the 
fracture process was less precise than the 
author would have liked. This was dic- 
tated by the practical difficulty of dis- 
tinguishing between the various stages of 
the crack initiation process. It was found 


x 100 X 1000 
Fic. 6.—Initiating Shear Crack Produced by a 12 ft-lb Low Blow in Material-Condition C 


(Rc 4S) at Room Temperature, 


variety of low blows with one blow to a 
specimen. After delivering a low blow, a 
drop of India ink containing a wetting 
agent (Kodak Photo-Flow solution) was 
deposited in the Charpy V-notch of those 
specimens which did not fracture under 
the initial blow. By action of the wetting 
agent and capillarity, the ink flowed into 
the crack, if present, staining the crack 
surfaces black. The test specimens were 
then fractured by means of a full blow 
of the impact-machine pendulum. Exam- 
ination of the fracture surfaces for the 
presence of staining established the 


(Figs. 4, 5, and 6) that in the first stage, 
the initiating crack consisted of shear 
with so little separation of the fracture 
surfaces that detection by capillary ink 
staining was not reproducible.* In the 
second stage of cracking, the initiating 
crack changed direction, extending per- 
pendicular to the principal stress. At this 
stage, ink staining provided an easy and 
‘Even metallographic examination some- 
times failed to disclose an extremely fine initi- 
ating shear crack which could be detected only 
after an external load was applied to the metal- 


lographic specimen while being viewed on the 
microscope (S. V. Arnold, unpublished study). 
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reproducible method of crack detection. 
Therefore, for purposes of this investiga- 
tion, the term “‘initiating crack” refers 
to a low-blow induced crack which can 
be detected by ink staining. 

After the crack-initiating low blow, 
specimens were then tested with a full- 
energy blow over a wide range of tem- 
perature producing ductile fracture. To 
control the extent of possible strain 
aging, the time between delivering the 
low blow and subsequent fracturing of 
the test specimen was held to 24 hr +8 
hr. Both the low blow and final blow were 
delivered at the same temperature. The 
effect of testing temperature on the in- 
cidence and extent of low-blow cracking 
was noted by observing the ink staining 
on the crack surfaces after such speci- 
mens were fractured. In addition to the 
presence of cracking, the following data 
were recorded: 


1. Magnitude of low blow,® 

2. Temperature of test specimen, 

3. Lateral expansion produced by the low 
blow, 

4. Lateral expansion in the fractured 
specimen,® 

5. Energy absorbed in the fracturing 
blow. 


To resolve questions on the effect of 
deflection velocity, a smaller hammer was 
attached to the impact machine pendu- 
lum (15-Ib in lieu of the standard 60-lb 
hammer). Thus, at a given energy level, 
the smaller hammer raised to a greater 
height provided a higher hammer ve- 
locity. Tests were also conducted using 
a drop weight machine, which made it 
possible to evaluate the crack-initiating 
energy level over a somewhat wider 
range of deflection velotities. 

5 When the low blow was sufficient to cause 
fracture, the value of the energy absorbed in 
fracturing the specimen was recorded. 

6 By subtracting the lateral expansion pro- 
duced by the low blow from the total expansion 
occurring in the fractured test specimen, a 
measure of the plastic deformation work re- 
quired to propagate the initiating crack was 
determined. 
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DISCUSSION OF RESULTS 
The Initiating Crack: 


In all three material conditions (R¢ 27, 
34, and 45), initial cracking appeared to 
occur as a result of the shear stress at the 
free surface of the V-notch (Figs. 4, 5, 
and 6). Cracking was observed to occur 
in two stages. Initially, the shear crack 
occurred at approximately 45 deg to the 
center line and at either side of the apex 
of the machined notch, that is, on a 
trajectory of shear stress. After progress- 
ing a short distance, the shear crack 
changed direction to propagate normal 
to longitudinal stress. The extension of 
the shear crack in a direction perpendicu- 
lar to the principal stress is the second 
stage of the fracture process. These two 
stages of cracking are hereinafter referred 
to as the shear and fibrous portions of 
the initiating crack. Except for direction, 
there was very little difference between 
the shear and fibrous portions of the 
initiating crack when viewed in cross- 
section under the microscope. The shear 
crack in fact had the appearance of dis- 
continuous cleavage at high magnifica- 
tion (Figs. 4, 5, and 6) and in some in- 
stances very much resembled portions 
of the fibrous crack. However, when 
viewed in the fracture surface of a broken 
test specimen, the two portions of the 
initiating crack were easily distinguished 
because of the notably smooth ap- 
pearance of the shear. In material condi- 
tions A and B, both the shear and fibrous 
portions of the initiating crack were dis- 
tinctly visible in the fracture surface of 
broken test specimens at all tempera- 
tures down to and including the brittle 
fracture transition temperature (Fig. 7). 
In condition C, on the other hand, the 
fibrous portion of the initiating crack 
disappeared at low testing temperatures, 
leaving only the shear portion in evi- 
dence. 
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Because of the extreme fineness and 
sometimes discontinuous nature of the 
shear crack, detection by means of ink 
staining at the first stage of crack initia- 
tion was found to be uncertain. However, 
once the initiating crack changed direc- 
tion and became fibrous, ink staining 
was found to be both a reproducible and 
expeditious method of crack detection. 


The Crack-Initiating Energy Level: 


In the case of the material in condition 
A (Re 27), a low blow of 15 or 20 ft-lb 
produced no cracking as determined by 
staining. With a 25 ft-lb blow, however, 
stained shear cracks developed in some 
specimens at the apex of the V notch. 
At 30 and 40 ft-lb, cracks were a com- 
bination of shear and fibrous fracture. 
The extent of the initiating fibrous crack 
as produced by a given low-blow energy 
level was found to be largely independent 
of temperature over a wide range (see 
Fig. 7). 

In the case of condition B (Re 34), 
a room temperature low blow of 15 ft- 
lb produced no cracking as determined 
by staining. With a 20 ft-lb blow, how- 
ever, a stained fibrous crack was ob- 
served. At 25 and 30 ft-lb, cracking be- 
came progressively deeper. Again the 
extent of the initiating fibrous crack was 
found to be largely independent of tem- 
perature over a wide range. 

In the case of condition C (Re 45), 
a room-temperature low blow of 10 ft- 
lb produced no cracking as determined 
by staining. With a 12.5 ft-lb blow, a 
stained shear crack was observed. With 
a 15 ft-lb blow, specimens fractured with 
an energy absorption of 13.5 ft-lb. Sub- 
sequent tests to determine the crack- 
initiating energy level were conducted 
at +120C. At this temperature, a 13 
ft-lb low blow was found to produce a 
stained shear crack (Fig. 8). Low blows 
of 14 and 15 ft-lb, on the other hand, 


caused a marked increase in the depth 
of the low-blow-induced crack. 

In all three material conditions, the 
initial cracking occurred on a shear- 
stress trajectory, progressed for a short 
distance under the notch and _ then 
changed direction under action of the 
principal tensile stress to form a fibrous 
crack. Based on the presence of a fibrous 


ate as defined heretofore, the approxi- 


mate crack-initiating energy levels (and 


attendant deflection rates) were as 
follows: 

30 5.7 
20 4.6 


Effect of Velocity: 


Because the low-blow technique intro- 
duces a variable deflection rate, a check 
was made as to whether there was a 
velocity effect in the case of material 
conditions A and B. Therefore, the 60-lb 
pendulum hammer was replaced with a 
15-Ilb hammer; thus, for a given low- 
energy blow, the 15-lb hammer, raised to 
a greater height, increased the striking 
velocity by a factor of two. In condition 
A (Rc 27), the energy level corresponding 
to initiation of a fibrous crack was the 
same for both hammers (30 ft-lb at 5.7 
ft per sec with the 60-lb hammer and 
30 ft-lb at 11.4 ft per sec with the 15-lb 
hammer). Results in condition B (Re 
34) using the 15-lb hammer were anoma- 
lous in that a slightly greater energy was 
required to initiate fibrous cracking with 
a 15-lb hammer (25 ft-lb at 10.4 ft per 
sec) than with a 60-lb hammer (20 ft-lb 
at 4.6 ft per sec). The expected effect 
(if any) of increased deflection rate was 
to produce cracking at a lower energy 
level. To resolve the anomalous behavior 
in condition B and to obtain a wider 
range of velocity, drop-weight tests were 
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conducted. The results confirmed the 
crack-initiation energy level obtained 
with the standard 60-lb hammer. More- 
over, variations in drop-weight velocity 
between 4 and 16 ft per sec had no effect 
on the energy required to initiate crack- 
ing. The anomalous behavior with the 
15-lb hammer was attributed to vibration 
losses (see note). 


Note.—In a study of the influence of pendu- 
lum flexibilities on impact-energy measurements, 
Bluhm has shown that energy lost by vibration 
in the impact machine pendulum can give rise to 
a significant error in impact test results (6). The 
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at 16.8 ft per sec and 16 ft-lb capacity at 11 ft 
per sec) broke the test specimens (at room tem- 
perature) when the weight elevation was such 
as to provide 13 ft-lb of available energy, but 
did not fracture the specimen when the weight 
elevation corresponded to 12 ft-lb. From these 
tests it was proposed that variations in impact 
velocity in the range investigated had little or 
no effect and that flexibility or “softness” of the 
16 ft-lb capacity impact machine was the 
primary factor in producing the anomalous 
effect. 


Effect of a Crack on Transition Behavior: 


A previous investigation by Zeno and 
Low (7) compared the performance of 


240} Steel A 
[Unnotched 
200+ 
= 160} 
Std 
V Notch 
w Sor Fatigue 
Crack 
40+ 
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V Notch+ 


Steel B 
Unnotched 


Std V Notch 
= 


"160 -120 -80 0 40 


80 -I60 -i20 -80 -40 40 


Temperature, deg Cent 
Fic. 9.—Energy-Transition Curves From Average Impact Values (Zeno and Low). 
The presence of a natural crack at the apex of the machined Charpy V-notch is shown to have 


little effect on the transition curve. 


study was prompted by the observation that 
material condition C (Rc 45) was found to frac- 
ture with remarkable and unfailing reproduci- 
bility in one pendulum-type machine having a 
capacity of 217 ft-lb (16.8 ft per sec) registering 
an energy absorption of 13 ft-lb and, yet, with 
the same reproducibility, fail to break in a second 
machine having a capacity of 16 ft-Ib (11 ft per 
sec). 

To demonstrate the absence of a significant 
strain-rate effect, a series of impact tests were 
conducted using a drop-weight type machine. 
The rigid masses were machined to weights cor- 
responding to those of the pendulum machines 
of 16 and 217 ft-lb capacities. The weights were 
dropped from heights to provide the same energy 
and impact velocity levels as the pendulum 
machines. Both drop-weights (217 ft-lb capacity 


standard V-notched Charpy specimens 
with Charpys containing a_ shallow 
fatigue crack at the bottom of the V- 
notch. The latter were designated by the 
investigators as V-notch Charpy bars 
with an “infinitely” sharp notch. The 
sharp notch was introduced by subject- 
ing finish-machined V-notch Charpy 
bars to constant-force fatigue until a 
shallow fatigue crack of controlled 
depth (0.010 to 0.019 in.) was produced 
at the apex of the machined V-notch. 
Transition curves were obtained by 
standard testing procedures. Comparing 
the relative positions of the transition 
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curves for standard V-notch Charpys 
and V-notch Charpy bars with a fatigue 
crack (Fig. 9) lead to the conclusion that 
the standard V-notch Charpy specimen 
approaches very closely the most severe 
conditions of strain rate and notch 
severity which may be achieved in this 
size specimen. 
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Fic. 10.—Effect of an Initial Low Blow on 
Transition Behavior in Material-Condition A. 


The ordinate is energy absorbed in the sec- 
ond blow; thus, data from specimens which 
fractured under the initial blow are plotted on 
the abscissa. The dash curve is from Fig. 3. 


Thus, although a preliminary crack- 
initiating low blow results in a new depth 
and radius of notch, the findings of Zeno 
and Low (7) suggest that transition be- 
havior as indicated by energy-tempera- 
ture transition curves may not be ma- 
terially affected. 


Effect of a Crack-Initiating Blow on 
Transition Behavior: 


In an earlier study of transition be- 
havior in V-notch Charpy slow-bend-lests 


(2), brittle fracture was distinguished 
Vy, WES shed 
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from ductile fracture by means of a 
self-propagating-crack concept. Transi- 
tion temperature in slow bend tests was 
defined as the highest temperature 
resulting in sudden and complete frac- 
ture at maximum load (the point on the 
load-deflection diagram at which the 
initiating crack, having extended lat- 
erally to the sides of the test specimen, 
propagated in the thickness direction). 
A crack which propagated suddenly and 
continuously at maximum load was 
referred to as self-propagating, that is, 
it propagated under action of elastic- 
stress energy alone rather than as a result 
of plastic-deformation work. 

It was the intent of the tests reported 
herein to apply the self-propagating 
crack concept to V-notch impact testing 
by noting the highest temperature at 
which specimens failed under a crack- 
initiating low blow. In view of the fact 
that the low blow consisted of the mini- 
mum energy required to initiate (ink- 
stained) cracking, it is hypothesized that 
when fracture occurred under the initial 
blow, the energy of the low blow was 
largely dissipated as plastic-deformation 
work necessary to initiation of the crack, 
and therefore propagation of the crack 
was accomplished by action of the elastic- 
stress energy surrounding the crack. 

Figure 10 presents the energy-tempera- 
ture transition curve for material condi- 
tion A specimens prestrained with 20 
and 30 ft-lb blows using both 15- and 
60-lb hammers. The energy-to-fracture 
plotted in the ordinate is the energy 
absorbed in the second full-capacity 
blow. Thus, when the specimens frac- 
tured under the first blow, the data were 
plotted on the abscissa, indicating zero 
energy-to-fracture for a second blow. 
At temperatures producing crystallinity 
in the fracture (below —80 C), with the 
exception of the data from specimens 
which fractured under an initial low 
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Fic. 11.—Effect of an Initial Low Blow on Fic. 12.—Transition Behavior in Material- : 
Transition Behavior in Material-Conditions B Conditions A, B, and C as Indicated by the Sum _ 
and C. of the Low-Blow Energy and the Energy-to- 
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blow, energy-to-fracture values fell on a 
single curve. A similar behavior was 
noted in the case of conditions B and C 
(Fig. 11). The highest temperatures 
permitting the formation of a self- 
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to a 20 ft-lb blow, whereas the conven- 
tional transition curve indicates that at 
—196C fracture should have occurred 
at approximately 17 ft-lb. Moreover, the 
conventional transition curve indicates 


i 


-i6o | !| o | 
-120 


-40 -40 


increase over that measured after the initial blow, 


The fact that low energy blows were 
absorbed without causing fracture at 
temperatures at which conventional 
full-capacity blows produced fracture 
points to a possible defect in the low-blow 
technique when energy is used as a 
performance criterion. For example, 
condition A did not fracture at tempera- 
tures down to —196C when subjected 
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Fic. 13.—Deformation-Temperature Transition Curves for 4340 Steel at Three Hardness Levels 
When the deformation (lateral expansion) as measured in a fractured test specimen (*¢) shows no 


the data are plotted on the abscissa (zero defor- 


mation) and fracture is considered to be brittle. The data plotted as (0) and (zx) represent total de- 
formation in that the lateral expansion was measured in specimens which fractured under a single 


blow. 
propagating crack were as follows: that at —140C a 22 ft-lb blow should 
have been sufficient to cause fracture, 
whereas four out of the eight specimens 
se@uen aie delivered a 30 ft-lb blow at —140C 
B (Re 34)... 120 did not fracture. Similar behavior was 
) ae een 25 observed in the case of conditions B and 


C (Fig. 11). These discrepancies are 
attributed to the fact that certain por- 
tions of the kinetic energy in the pen- 
dulum were not effective in producing 
fracture, such as the elastic-stress energy 
developed in the specimen at the points 
of support and in the anvil and hammer 
upon impact, the energy lost as a result 
of brinelling of the test specimen, re- 
bound of the pendulum, vibration in 
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HARTBOWER ON V-NOTCH 
the pendulum, friction, etc. Such energy 
losses provide an explanation for the 
fact that the sum of the multiple-blow 
energies (low-blow energy plus the 
energy-to-fracture under a second blow) 
was generally greater than the energy 
absorbed in fracturing a test specimen 
with a single full-capacity blow (Fig. 12). 
Thus, only part of the energy in the im- 
pact machine pendulum is available for 
(1) doing plastic-deformation work and 
(2) developing elastic-stress energy in 
the test specimen in or near the path of 
fracture. 


Lateral Expansion as a Measure of the 
Plastic-Deformation Work Required to 
Propagate the Initiating Crack: 


By measuring the lateral expansion 
occurring in the test specimen after the 
initial blow and again after the fracturing 
blow, the difference provides a measure 
of the plastic-deformation work required 
to propagate the initiating crack. When 
the deformation as measured in the 
fractured test specimen shows no increase 
over that measured after the low blow, 
the plastic-deformation work to propa- 
gate the initiating crack is considered to 
be negligible. From Fig. 13, the highest 
temperature producing brittle fracture 
was —130C for material condition A, 
—110C for condition B, and 25C for 
condition C. Separate plots for each of 
the different low-blow energies (20 and 
30 ft-lb for condition A and 15, 20, and 
25 ft-lb for condition B) and different 
deflection velocities (15 and 60-lb ham- 
mers to produce a given low-blow) indi- 
cated that variations in the magnitude 
and velocity of the initial low blow within 
the ranges investigated had no signifi- 
cant effect on the crack-propagation 
stage of fracture. 


Multiple Low Low Blows to Simulate 
Cyclic Loading: 


In a recent discussion of the brittle- 
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fracture problem, Robertson (8) has 
pointed out that a ship “ . . . which broke 
in two at dock ... led to the realization 
that such fractures must not be attrib- 
uted solely to high nominal stress values 
likely during storms and certainly not to 
general yield in the material prior to 
fracture, for the agreed nominal stress 
in the fractured plates was of the order 
of only 5 tons per sq in.” The fact that 
several catastrophic service failures have 
occurred which appear to have involved 
little or no plastic deformation has been 
of prime interest to many investigators. 
Orowan (9), for example, has pointed 
out that in laboratory experiments with 
ductile steel, brittle fracture is initiated 
by large deformations producing strong 
plastic constraint and usually some 
fibrous cracking before cleavage cracking 
can start, whereas many service fractures 
seem to start without significant plastic 
deformation in spite of static loading. 

Certainly at a nominal stress of 10,000 
to 15,000 psi, general yielding would not 
be expected in ship steel. However, at 
points of stress concentration the yield 
strength may be exceeded at low nominal 
stress values. Moreover, strains caused 
by prior load cycles may have an in- 
fluence on subsequent fracture. It is 
suggested by the author that due to the 
cyclic nature of most service, plastic 
deformation and macrocracking may 
occur in one cycle and then in a subse- 
quent cycle involving a low value of 
nominal stress be followed by catas- 
trophic brittle fracture. For example, 
a ship may be subjected to a storm at sea, 
return to port intact, and then having 
previously suffered plastic deformation 
at points of stress concentration, experi- 
ence brittle fracture as a result of stresses 
developing from a sudden drop in tem- 
perature or shift in cargo. 

An obvious question arising from this 
discussion concerns the effect of a suc- 
cession of low blows (instead of a single 
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low blow followed by a full-capacity 
blow as previously investigated). To 
determine the effect of multiple low 
blows, Charpy specimens were delivered 
initial blows both above and below the 
crack-initiating energy level (as deter- 
mined by ink staining), followed by a 
succession of 10 ft-lb blows to fracture. 
Tests were conducted on material condi- 
TABLE I.—MULTIPLE LOW BLOWS 


AT —100C MATERIAL IN CONDITION 
A (ROCKWELL HARDNESS C 27) 


Lateral Expansion, in. 
Low Blow, 
ft-l 

Width Increment 
0.4080 0.0135 
0.4130 0.0050 
0.4135 0.0005 

| 

0.4040 0.0020 
0.4070 0.0030 


Fractured, 5.5 ft-lb 

’ Fractured, 6.5 ft-lb absorbed. 

© Fractured, 9.0 ft-lb absorbed. 

4 Fractured, 4.0 ft-lb absorbed. 

¢ Fractured, 8.0 ft-lb absorbed. 
tion A at —100 and —140 C. The tem- 
peratures of —100 and —140C were 
selected to bracket the brittle-fracture 
transition temperature. At —100C, 
condition A withstood several low blows 
before fracturing, with each blow pro- 
ducing additional lateral expansion 
(Table I). At —140 C the material was 
not sufficiently ductile to withstand even 
one 10 ft-lb capacity blow subsequent to 
the initial blow; crack propagation 


occurred without measurable plastic- 
deformation work (Table IT). 

If an analogy can be made between 
performance in the V-notch Charpy 
specimen and a point of stress concentra- 
tion in a structure, the above results 
provide an explanation for service fail- 
ures which have occurred at or below the 
design working stress. Explanation is 
based on the assumption that at some 
prior load cycle, sufficient strain occurred 
at a point of stress concentration to 
initiate micro-cracking. Subsequent cy- 
cles, even at loads well below the 


TABLE II.—MULTIPLE LOW 
BLOWS AT —140C. 


Lateral Expansion, in. 


Low Blow, 
ft-lb | - 

Width Increment 
0.4015 | 0.0070 
0.4005 0.0060 

Fractured, 3.5 ft-lb absorbed. 

Fractured, 4.0 ft-lb absorbed. 


© Fractured, 4.0 ft-lb absorbed. 


working stress, may then cause either 
progressive damage or sudden brittle 
crack propagation. 


DISCUSSION OF RESULTS 


Based upon a single heat of AISI 
4340 steel, quenched and tempered to 
three hardness (strength) levels, the 
following behavior has been observed in 
V-notch Charpy specimens subjected 
to low-energy blows: 

1. The initial cracking as produced by 
a low-energy blow occurred in the free 
surface of the machined V-notch on a 
shear stress trajectory. 

2. While detection of this _ initial 
stage of cracking was difficult without 
metallographic examination, the second 
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stage of cracking was easily and repro- 
ducibly determined by ink staining. 
In the second stage, the initiating shear 
crack changed direction to propagate 
perpendicular to the priricipal stress and 
appeared in the fracture surface as typi- 
cally fibrous. 

3. The extent and ductile nature of 
the crack produced by a given magnitude 
of low blow was essentially constant 
over a wide range of temperatures ex- 
tending below the brittle-fracture transi- 
tion temperature. 

4. The variation in deflection rate 
(approximately 4 to 16 ft per sec) 


TABLE III.—TRANSITION TEMPERA- 
TURE. 


Temperature, deg Cent 
Material Condition 


a b c 
—130 | —120 | —150 
—110 | —120 —120 


* Brittle fracture under the second full- 
capacity blow. 

> Brittle fracture under the initial low blow. 

¢ Transition temperatures based on a 20 ft- 
lb energy level. 


introduced by the low-blow technique 
did not have an appreciable effect on the 
presence or extent of the initiating crack. 

5. Specimens which were prestrained 
and cracked by low blows of different 
energy levels and then fractured over a 
range of testing temperatures by a full 
240 ft-lb capacity blow, provided energy- 
to-fracture data which plotted as a single 
curve at temperatures producing crys- 
tallinity in the fracture surfaces. Thus, 
variations in the extent of the initiating 
crack, from microscopic shear to ink- 
stained fibrous cracks, had little or no 
effect on the amount of work necessary 
to propagate the initiating crack. Tem- 
perature was the controlling factor. 

6. Using lateral expansion as a meas- 
ure of plastic-deformation work, it was 


4 


=: 


CHARPY IMPACT SPECIMEN 


possible to distinguish between ductile 
and brittle fracture by measuring the 
lateral expansion associated with the 
crack-initiating low blow and _ then 
measuring the lateral expansion in the 
fractured test specimen. If, at the tem- 
perature of test, the initiating crack was 
propagated without measurable plastic- 
deformation work (no increase in lateral 
expansion after the initial blow), the 
fracture was classed as brittle. The high- 
est temperature allowing brittle crack 
propagation was defined as the transition 
temperature. If, on the other hand, the 
crack-initiating low blow completely 
fractured the test specimen, this too was 
classed as brittle crack propagation; and 
the highest temperature permitting com- 
plete fracture under the initial low blow 
was also taken as the transition tempera- 
ture. (The values as obtained by the two 
methods are listed in Table III.) 

7. Investigation of the effect of mul- 
tiple low blows offered an explanation 
for catastrophic service failures which 
have occurred under conditions of low 
nominal stress (10,000 to 15,000 psi). 
Specimens from material condition A 
(Re 27) when subjected to a low blow of 
20 ft-lb and subsequently struck a single 
10 ft-lb capacity blow, fractured at 
—140C with no measurable plastic 
deformation attending the second blow; 
whereas, when tested at —100C, a 
number of 10 ft-lb blows were required 
to produce fracture, with plastic-defor- 
mation work attending each blow. Thus, 
an analogy is suggested between perform- 
ance in the laboratory test specimen and 
the case of a bridge, ship, or storage 
tank subjected to a cyclic loading which 
causes local plastic yielding (at points of 
stress concentration) and then fractures 
in a brittle fashion on subsequent load 
involving low nominal stresses and 
temperature below the brittle-fracture 
transition. 
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CONCLUSION 


An easily executed variation in the 
standard technique for testing V-notch 
Charpy impact specimens is presented. 
The technique permits a separation of 
the crack-initiation and crack-propaga- 
tion stages of the fracture process. 
Differentiation between ductile and 
brittle fracture is based on the follow- 
ing concept: a brittle-fracture crack is 
propagated by continuous release of the 
elastic stress field surrounding the crack, 
whereas a ductile-fracture crack re- 
quires plastic deformation work to ex- 
tend the crack. The measurement of 
lateral expansion (Poisson effect) pro- 
vides a sensitive gage of the plastic 
deformation work done (1) in crack 
initiation and (2) in propagation of the 
initiating crack. 

Two approaches appear feasible; both 
involve the initiation of a crack by means 
of an initial low-energy blow. One ap- 
proach determines the highest tempera- 
ture at which a crack-initiating low blow 
causes complete fracture of the test 
specimen, that is, the initiating crack 
propagates by continuous release of the 
elastic-stress field developed by the 
initial low blow. (In the case of the highly 
notch-tough material conditions A (Re 
27) and B (Rg 34), there is a critical low- 
blow energy level below which a self- 
propagating crack will not form.) The 
second approach involves the delivery 
of a crack-initiating low blow followed 
by a full-capacity fracturing blow, and is 
based on the concept that when the 
fracturing blow produces no measurable 
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increase in lateral expansion, the plastic- 
deformation work required to extend the 
initiating crack is essentially zero; such 
a fracture is therefore considered brittle. 
The highest temperature permitting 
crack propagation without plastic-defor- 
mation work to extend the crack, is the 
brittle-fracture transition temperature. 
In that both approaches are based on the 
same criterion of brittle fracture, the 
transition temperatures determined by 
the two methods are, for all practical 
purposes, the same. 

If, on the other hand, an arbitrary 
energy level, for example, 20 ft-lb, is used 
in determining transition temperature, 
the temperatures may be expected to be 
different from those determined on the 
basis of the brittle-fracture criterion 
(last column of Table III). It will be 
noted that the transition temperatures 
for material conditions A and C as 
determined by the 20 ft-lb energy level 
method do not check those obtained by 
the brittle-fracture criterion; whereas, 
the transition temperatures for condition 
B do check. It is believed that the reason 
for the latter is that the 20 ft-lb level is 
less arbitrary in the case of the condition 
B because 20 ft-lb is approximately the 
crack-initiating energy level for that 
condition. If the transition temperatures 
are determined for each material condi- 
tion on the basis of the minimum energy 
to initiate cracking (that is condition A, 
30 ft-lb; condition B, 20 ft-lb; and con- 
dition C, 13 ft-lb), the transition tem- 
peratures so obtained are approximately 
the same as those obtained by the brittle- 
fracture criterion. 
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-_ A TENSILE STUDY OF THE BRITTLE BEHAVIOR OF A 


RIMMED STRUCTURAL STEEL* 
By E. T. WeEsseEt! 


SYNOPSIS 


The factors involved in the initiation of a brittle (cleavage) failure in a 
rimmed structural steel were investigated using notched and unnotched ten- 
sion tests at temperatures down to —269C. Cleavage fractures which oc- 
curred at all temperatures below 100 C were preceded by plastic deformation. 
The combined effect of increasing notch sharpness and increasing strain rate 
caused brittle failure to occur at higher temperature and lower stress levels. 
The notched tension results are correlated with Charpy “V” notched data. 
The results of the investigation are helpful in understanding the causes of 


brittle failure. 


Unexpected brittle failure of mild 
steel structures is a serious problem to 
the nation as a whole. There are innu- 
merable cases of brittle failures of a dis- 
astrous nature. Most publicized of these 
are the welded ship failures of World 
War II where over a thousand cases of 
severe damage as a result of brittle fail- 
ures have been reported. Other steel 
structures have experienced the same 
phenomenon (1).2 These include bridges, 
storage tanks, pressure vessels and pipe 
lines. Brittle failures are not confined to 
structural steels but also prevail in alloy 
steels as exemplified by recent failures of 
large generator and turbine rotors (2). 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Research Engineer, Metallurgy Dept.. 
Research Labs., Westinghouse Electric Corp., 
Pittsburgh, Pa. 

2? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 552. 
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The susceptibility of metals to brittle 
failure cannot be ascertained from the 
conventional room temperature tension 
tests; however, several empirical lab- 
oratory tests have been devised to meet 
the needs of industry. Among these are 
the Charpy and Izod notched impact 
tests, the drop weight and explosion 
tests of Pellini (3), and assorted other 
notch tests. Basically these tests have 
been useful in evaluating the relative 
behavior of materials for specific appli- 
cations but have been inadequate in 
providing an understanding of the mech- 
anisms involved. 

The low-temperature tension test was 
chosen as the key tool for this study into 
mechanisms of brittle failure because 
controlled brittle failures can be pro- 
duced and quantitative measurements 
of the stresses and strains involved can 
be made. Primary emphasis is placed 
on the factors which govern the initiation 
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of a brittle fracture rather than the prop- 
agation of the brittle crack once it has 
been initiated. The first phase of this 
program emphasizes temperature as the 
primary variable with major effort di- 
rected at obtaining quantitative meas- 
urements of the temperature dependence 
of the yield and brittle fracture strengths. 
Some preliminary studies of the com- 
bined effect of temperature, strain rate, 
and notch geometry are also included. 


MATERIALS AND TEST PROCEDURE 


Because of the widespread interest in 
ship failures and the apparent similarity 
of these failures to those occurring in 
other steel structures, the material 
chosen for this investigation was a 
rimmed steel plate kindly supplied by 
W. S. Pellini, Naval Research Labora- 
tories. Some notched impact testing 
had already been done at the Naval 
Research Laboratories (4) using this 
particular heat of steel, (Code No. 31). 
The ?-in. thick plate from which the 
samples were taken was rimmed steel 
in the as-rolled condition. This rimmed 
ABS-A steel is not representative of the 
currently used ship plate steel, but is, 
however, of the type previously used 
for ship construction where so many 
actual failures were experienced. For 
this reason the steel appeared to be par- 
ticularly applicable for studies of the 
mechanism of brittle failure. The analysis 
of this steel was reported (4) to be as 
follows (weight per cent): 


The microstructure of the plate was 
normal for this class of steel. It con- 
sisted of fine lamellar pearlite in a ferrite 
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matrix. There was some ferrite banding 
and small voids and inclusions strung 
out in the rolling direction. 

Tension specimens were taken with 
their axes parallel to the rolling direction 
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Approximate Elastic Stress Concentration 
Factor, Kt, ot Gage Section Fillet =1.18 


Unnotched 


Group No. !- Road 0.010", Kt=3.3 
Group No.2-Rad 0.0005; Kt=13.2 


Notched 
Fic. 1.—Test Specimens. 


of the plate. The specimen designs used 
in the study are illustrated in Fig. 1. The 
tension tests were conducted in a con- 
stant strain rate testing machine em- 
ploying an autographic stress-strain 
recorder. The load is measured using a 
commercial SR-4 load cell (accuracy, 
+0.25 per cent of capacity) and strain 
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is measured by a direct mechanical link- 
age of the recorder chart drive to the 
test machine drive (crosshead move- 
ment). The arrangement is such that 
plastic strains as small as 0.01 per cent 
(1 X 10~ in. per in.) can be determined 


in the specimen holder system, precision 
machining of specimens and all the re- 
lated gripping components, and the use 
of shoulder loaded type test specimens 


to afford some further opportunity for 


self alignment. 


Frocture 
000 Strength | 2 
| | ere 
rocture 
| | | 
\Yield Strength 
60 000 (0.01 per cent ~——(Tensile) 
| Offset) Strength 
60 
Total Elongation 
= -273 -200 -100 @) 100 200 300 Cent 
L | | 
-400 -200 6) 200 400 600 Fohr 


Temperoture 
Fic. 2.—The Effect of Temperature on the Conventional Tension Properties of a Rimmed Struc- 


tural Steel. 


from the autographic stress-strain curves. 
The sub-zero test temperatures are 
achieved and mafntained utilizing ap- 
paratus and techniques which have been 
previously described (5, 6). Conventional 
procedures were used for the moderately 
elevated temperature tests. 

Care was exercised to obtain good 
axial alignment of the test specimen to 
minimize scatter induced by bending 
moments resulting from non-axial load- 
ing. Some of the features incorporated 
were: The use of special universal joints 


Test TESULTS 
a> 


-Unnotched tension specimens were 
tested at a constant-strain rate of 
2.1 X 10-* per sec over the temperature 
range from 300C (572 F) to —269C 
(—452 F). The results of these tests are 
shown in Fig. 2 where the conventional 
strength and ductility criteria are plotted 
as a function of test temperature. Of 
major interest is the pronounced transi- 
tion from a ductile-to-brittle behavior 
which occurs in the temperature range 
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between —165 C (—265 F) and —185 C 
(—283 F). This transition is charac- 
terized by a sharp decrease in ductility, 
a pronounced decrease in fracture 
strength 

’ \final area 
mode of fracture initiation from shear t© 


), a change in the 


Cleovoge 


Frocture Strength 


Frocture | 
Strength | 
| 
Cleavage Cleavage 
During | After 
Yielding | Strain 
| 
| 


Sheor Converting to 


Extensive Deformation 


greater than the fracture strength. This 
behavior is somewhat contrary to the 
general concept of brittle fracture. It is 
believed that below —200C the initia- 
tion of sharp yielding is caused primarily 
by microcracking rather than slip and 
that fracture occurs when these micro- 


Cleavoge After 


Cc Cc Cg 
| € € | 
-269C -200C -I60C -50C 
-452F -328F -256F -58F 
Temperotute 


Fic. 3.—Comparison of Fracture Appearance and Type of Stress-Strain Curves for Various Test 


Temperatures. 


cleavage, and the absence of any general 
localized deformation (necking). In this 
transition zone there is an extremely 
fine balance between fracture initiation 
by shear or by cleavage; either type can 
occur with corresponding large differ- 
ences in ductility and fracture strength. 

In the temperature range below 
—200 C (—328 F), the specimens yield 
and fracture occurs during this abrupt 
yielding; hence the yield strength is 


cracks reach sufficient size to become 
self-propagating.* The yield strength 
exhibits the usual strong temperature 
dependence characteristic of body-cen- 
tered-cubic metals. However, it was 
observed that the yield strength does 
not continue to rise to extremely high 
values at the lower temperatures but 
exhibits a definite change to a much 


? Paper on “Mechanism of the Yield Point 
and Brittle Fracture’ is being prepared to dis- 
cuss this aspect in more detail. 
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weaker temperature dependence below 
—200 C. This behavior of yield strength 
has been observed in many materials of 
various lattice structures and will be 
described and discussed in detail else- 
where (7). 

For the purpose of discussing brittle 
failure, the curve of fracture strength as a 
function of temperature holds most inter- 
est. The fracture strength is replotted 


observed a similar temperature depend- 
ence of cleavage fracture strength in the 
same temperature range. 

A second type of brittle failure occurs 
in the temperature range from —200 C 
(—328 F) to —160 C (—256 F). In this 
temperature range the steel is capable 
of considerable plastic deformation (as 
much as 14 per cent elongation) which 
terminates in a completely cleavage-type 
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20000 Test Temperatures as 
Indicated 
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Plastic Strain (Elongation) 
Fic. 4.—The Effect of Test Temperature on the Stress-Strain Curves of a Rimmed Structural 


Steel. 


as a function of temperature in Fig. 3 
together with illustrations of typical 
stress-strain curves and photographs of 
the fractures. There are three distinct 
types of brittle failure. At the lowest 
temperatures, from —269C (—452 F) 
to —200C (—328F), brittle cleavage 
fracture occurs during the initial abrupt 
yielding and is preceded by only very 
small amounts of plastic strain. Since 
these small strains are relatively con- 
stant, the slope of the fracture strength 
curve is primarily an indication of the 
temperature dependence of cleavage 
fracture strength. Eldin and Collins (8) 


of fracture. The slope of the fracture 
strength curve in this temperature range 
is a result of combined temperature and 
strain effects. In this temperature range, 
cleavage failure occurs when microcracks, 
which are formed either during initial 
yielding or during subsequent plastic 
flow, either grow in size or several join 
together to form a critical size sufficient 
to become self-propagating. Plastic 
strain, in this temperature range at least, 
causes permanent fracture damage to 
the steel. 

The third type of brittle failure occurs 
in the temperature range from —160C 
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Fic. 5.—The Efiect of Temperature on the Notched Tension Properties of a Rimmed Structural 
Steel. Modest Notch and Strain Rate. 
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Fic. 6.—The Effect of Temperature on the Notched Tension Properties of a Rimmed Structural 
Steel. Severe Notch, Modest Strain Rate. 
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; (—256F) to —50C (—58F). In this cleavage failure. Stress-strain curves 
range the steel is capable of undergoing associated with the third type of brittle 
much larger amounts of deformation failure are illustrated in curves (—210 C 
including necking. Failure initiates with and —269C) where complete cleavage 
a fibrous shear fracture in the center of failure occurs during the initial abrupt 
the specimen and then converts to cleav- _ yielding. 

] age fracture. The amount of shear in the Having established the influence of 

total fracture area increases with in- temperature on the ductile-to-brittle 

. creasing temperature, being a small fi- behavior for uniaxial tension, the effects 

brous dot in the center of the specimen of triaxial stresses (notches) and high 
at —160C and increasing to all shear strain rates were investigated since these 


140000 Kt= 13.2 
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Fic. 7.—The Effect of Temperature on the Notched Tension Properties of a Rimmed Structural 
Steel. Severe Notch, Fast Strain Rate. 


. above -—SOC. The shear fracture factors are known to raise the transition 
strength curve in this temperature range temperature. Three sets of notched ' 
is believed to represent the stress re- experiments, as outlined below, were ‘ 

quired to initiate a shear failure. conducted over a range of sub-zero tem- ; 

Actual stress-strain curves for various _ peratures: ; 

. temperatures are shown in Fig. 4. The 

curves for —50 C, —125 C, and —150C Elastic 

are typical of those where fracture initi- Group | Notch Radius, |Concen-| Estimated Strain , 

ates as shear and converts to cleavage. ” nr 
They are not unlike that for total shear | f 

| failure (25 C). The curves for —175C, we ‘ 
—185C, and —196C illustrate the B....... 0.010 3.3 | 4.2 x 107 
plastic deformation precedes a total 
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The strain rates indicated are based on 
an estimation of the effective gage length 
at the root of the notches and the actual 
head rate of the testing machine. The 
assumed gage length of 4 of the notch 
radius provides a reasonable approxi- 
mation only for the early stages of plas- 
tic flow. 

The results of the series of notched 
tension tests are shown in Figs. 5 to 7. 


The yield strength shown.-in these curves 
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observed this latter type of brittle failure 
in notched tension tests at room tem- 
perature and attribute the change from 
shear to cleavage to a high velocity de- 
pendence of the yield stress acting at 
the tip of the propagating shear crack. 
The present study indicates that the 
strain dependence of the cleavage frac- 
ture strength may also be a major factor 
in promoting cleavage failure. Thus the 
conversion from shear to cleavage frac- 


[| N<=/80C¢ (-292F) 

a 75C (-103F) 

80000++4 100 C(212F) 
60000 WA 
Stress-strain Curves 
£ | Structural Steel 

40000;—++ Notched Tension (Kt=3.3) 

| Est. Strain Rate 4.2x107'sec™' 

Test temperatures as indicated 

| | | 
9.000! O01 O02 003 004 005 006 007 008 


Plastic Extension, in. 


Fic. 8.—The Effect of Test Temperature on the Stress-Strain Curves of a Rimmed Structural 


Steel Tested in Tension in the Notched Condition. 


is defined as the flow stress at 
1 X 10~* in. of plastic extension. As was 
the case for unnotched tension tests, 
three types of brittle failure were ob- 
served. At the lowest temperatures, 
cleavage failure occurred during an 
initial discontinuous yielding. At inter- 
mediate temperatures, considerable plas- 
tic deformation preceded cleavage frac- 
ture. At still higher temperatures, the 
failures initiated as a shear fracture at 
the root of the notch and converted to 
cleavage, the failure being preceded by 
rather extensive localized plastic defor- 
mation. Felbeck and Orowan (9) have 
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ture is probably the result of the accumu- 
lative effects of increasing strain rate 
and decreasing cleavage fracture strength 
in the region undergoing plastic defor- 
mation at the advancing tip of the crack. 
The first evidence of the transition from 
a cleavage to a shear fracture initiation 
behavior is difficult to distinguish by the 
appearance of the notch fractures be- 
cause of the large amount of localized 
deformation and the narrowness of the 
shear lip at the root of the notch. 

With one exception, the notched and 
unnotched data follow the same pattern. 
This exception is in the slope of the yield 
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and fracture strength curves in the tem- 
perature range below their intersection 
(—200 C—unnotched, —150, —125, 
—75 C—notched). The unnotched data 
indicate a decreasing yield and fracture 
strength with increased temperature 
and the notched data show the opposite 
effect. The reason for this has not con- 
clusively been determined but is proba- 
bly due to the fact that at temperatures 
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increasing plastic strain. Some tendency 
for discontinuous yielding is also observed. 

The effect of temperature, strain rate, 
and notch geometry on the flow and frac- 
ture characteristics are summarized in 
Fig. 9. In general it is shown that ‘in- 
creasing the severity of test conditions, 
that is, sharper notches or higher strain 
rates, will cause brittle failure to occur at 
higher temperatures and lower stresses. 
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Fic. 9.—The Effect of Temperature, Strain Rate, and Notch Geometry on the Flow and Fracture 


Strengths of a Rimmed Structural Steel. 


below these intersection points the stress 
and strain concentrations are not readily 
relaxed and the steel behaves more and 
more as predicted by the elastic theory 
of notches. 

Some typical stress-strain curves for 
the notched tension tests are shown in 
Fig. 8. The irregularities in the curves 
apparently are due to inhomogeneous 
flow resulting from changes in plastic 
constraint due to changes in the shape 
of the notch following relatively large 
plastic deformations. The curves illustrate 
a relatively rapid rise of flow stress with 


The individual roles of the various factors 
can be discussed in more detail. 

The yield strength appears to be in- 
fluenced very little, if any, by changes 
in the sharpness of the notch. This is il- 
lustrated by comparing the yield strength 
curves (Fig. 9) of group B with group C 
which had different notch severities, 
Ki=3.3 and Kt = 13.2 respectively 
but equivalent strain rates of 4.2 X 107 
per sec. Strain rate appears to be the 
predominant factor in producing a shift 
of the yield strength curve. This can be 
seen by comparing the yield strength 
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curves (Fig. 9) of group C with group D 
which had equivalent notches, Kt = 13.2, 
but different strain rates, 4.2 X 10 per 
sec and 44.5 per sec respectively. 

The effects of strain rate and notch 
sharpness on the cleavage fracture 
strength are exactly the opposite from 
their relative effects on yield strength. 
Strain rate has relatively little effect 
whereas notch sharpness is very impor- 
tant. The small effect of strain rate can be 
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strength level, whereas more severe 
notches, K/ = 13.2, have a considerable 
effect. The resulting effect of the two 
variables—strain rate increasing yield 
strength and notch severity lowering 
fracture strength—working together 
causes brittle failure to occur at higher 
temperatures and lower stress levels. 

The effects of notch geometry and 
strain rate on the shear fracture strength 
(initially shear converting to cleavage) 
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Rimmed Structural Steel. 


seen by comparing the cleavage fracture 
strengths (Fig. 9) of groups C and D 
which had equivalent notch sharpness, 
Kt = 13.2, but different strain rates of 
4.2 X 107" per sec and 44.5 per sec, re- 
spectively. The pronounced effect of 
notch sharpness on fracture strength can 
be seen by comparing curves for groups B 
and C which had equivalent strain rates, 
4.2 X 107 per sec, but different notch 
severities, Kt = 3.3 and Kt = 13.2, re- 
spectively. The general indications are 
that mild notches, Kt = 3.3, donot cause 
much change in the cleavage fracture 


Fic. 10.—Comparison of Charpy V-Notch Impact Data with Notched Tension Results for a 


curves are quite pronounced. Increased 
sharpness of the notch lowers the shear 
fracture strength while increased strain 
rate for a given notch severity increases 
the shear fracture strength. 

Because of the widespread interest in 
the use and interpretation of Charpy V- 
notch impact data, a comparison of 
Charpy impact and notched-tension data 
is shown in Fig. 10. Within the limits of 
experimental error in determining the 
relative amount of shear and cleavage 
components in a fracture surface, the 
curve of per cent cleavage fracture as a 
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function of temperature is essentially the 
same for the Charpy and all of the 
notched-tension tests. In the light of 
this observation, if one were to use a 
fracture appearance criterion for the 
determination of the transition tem- 
perature, the notched-tension test would, 
in the author’s opinion, be a better test 
than the Charpy V notch impact test 
since the tension data would also provide 


DISCUSSION 


From the practical viewpoint it is 
necessary to correlate the results of these 
experiments on brittle fracture initiation 
with recent work concerning the propa- 
gation of brittle fracture. The data previ- 
ously described show that increasing the 
severity of the notch or increasing the 
strain rate causes all types of brittle 
fracture to occur at higher temperature 


quantitative measurements of the levels and at considerably lower stress 
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Fic. 11.—Approximate Relationship Illustrating the Effect of Increasing Severity of Test Con- 


ditions on Brittle Fracture Strength. 


stresses and strains as well as the type 
of brittle fracture at various points on 
the transition curve. In considering the 
plastic extension versus temperature 
curves of Fig. 10, it appears that with 
sufficiently high strain rates or severe 
notches a more positive correlation of 
notched tension and Charpy impact 
data can be obtained. The energy ab- 
sorption (area under stress-strain curves) 
for the notch-tension data when plotted 
against temperature provides essentially 
the same curves as the plastic extension 
criterion used in Fig. 10. 


levels. An approximate indication of the 
general effect of this trend is shown in 
Fig. 11 where the stress required to initi- 
ate cleavage fracture after some prior 
macroscopic deformation is shown as a 
function of temperature. If it is assumed 
that further increases in notch sharpness 
or strain rate would continue this trend 
to higher temperatures, an extrapolation 
of the curve indicates that in the presence 
of very severe conditions cleavage frac- 
ture could be initiated at room tempera- 
ture by average stresses of approxi- 
mately 50,000 psi. Once the failure is 
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initiated it can readily propagate in a 
brittle manner throughout the structure 
at much lower stresses than are required 
for its initiation. Feely, et al. (10, 11) have 
quite capably demonstrated that a brittle 
cleavage fracture, once initiated, can be 
readily propagated by relatively low 
stresses. A steel of the same general type 
and composition as that used in the pres- 
ent investigation was found (11) to have 
a “cleavage fracture propagation 
strength’” of 18,000 psi at 50 F. For any 
given steel, cleavage propagation stress 
decreases with decreasing temperatures. 

In the light of the foregoing discussion, 
one can readily conceive how brittle 
failures of mild steel structures can and 
do occur in practice. First it is quite 
reasonable to assume that extremely 
sharp notches, for example, welding 
cracks, inclusions, voids, etc., are present 
where localized strain could occur at very 
high strain rates. These points provide 
ready nuclei for the initiation of a brittle 
failure. The critical conditions necessary 
to initiate failure at these trigger points 
are severe but not unreasonable. The 
data indicate that, for certain classes 
of mild steel, brittle failure at room tem- 
perature can be initiated by average 
stresses of approximately 50,000 psi when 
the necessary severity of conditions ex- 
ists. These critical conditions of stress, 
strain, strain rate, and notch severity for 
fracture initiation are quite dependent 
upon temperature. Therefore, slight 
decreases in temperature or slight in- 
creases of stresses and localized strain 
or a combination of the two would be 
sufficient to trigger these existing nuclei. 
Once initiated, the stresses provided by 
normal static loading conditions are 
sufficient to readily propagate the brittle 
failure. These propagation stresses have 
been found (10, 11) to be quite low (18,000 
psi and less) in certain classes of steels 


4 Terminology which the author has applied 
to the results of Feely, et al. (10, 11). 
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for the temperature range (at or below 
room temperature) encountered in prac- 
tice. 

SUMMARY AND CONCLUSIONS 

The tensile properties of a rimmed 
structural steel have been determined 
over a wide range of temperatures ex- 
tending from —269 C (—452 F) to above 
room temperature. Three distinct types 
of brittle (cleavage) failures were found 
to occur in both notched and unnotched 
tests. These are characterized by the 
following: (1) at low temperatures, cleav- 
age failure occurred during initial dis- 
continuous yielding; (2) at intermediate 
temperatures, cleavage failure occurred 
after moderate amounts of plastic strain; 
(3) at higher temperatures, the material 
could withstand a considerable amount 
of deformation, fracture then initiating 
as shear and converting to cleavage. 
At still higher temperatures, complete 
shear failures were encountered. 

The combined effect of increased notch 
sharpness and increased strain rate 
caused all three types of brittle failures 
to occur at considerably higher tempera- 
tures and considerably lower stress levels. 
The geometry (sharpness) of the notch 
alone had no effect on the initial yield 
strength in the temperature range where 
some macroscopic deformation could 
occur. Fracture strength decreased mark- 
edly with increasing sharpness of the 
notch, probably as a result of the strain- 
induced damage in the highly localized 
region undergoing deformation. In- 
creased strain rates for a given notch 
sharpness produced an appreciable rise 
in yield strength and relatively little 
effect on fracture strength. The results 
of the study indicate that, for the tem- 
perature range encountered in practice, 
average stresses of the order of 50,000 
psi would be sufficient to initiate total 
cleavage fracture in the presence of ex- 
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tremely sharp notches where the strain 
would be highly localized and the as- 
sociated strain rates would be relatively 
fast. 
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DISCUSSION 


Mr. Gerorce Sacus.'—The author 
illustrates an interesting relation between 


‘the transition temperatures derived from 


impact tests and static notch-tension 
tests, respectively. As the strain rate 
decreases, the transition temperature 
changes to lower values. There also ap- 
pears to exist an effect of stress con- 
centration or notch sharpness which is 
dificult to understand. Armstrong and 
Gagnebin® have already shown, some 
time ago, that the transition temperature 
for impact tests is reduced, as the notch 
radius is increased or the stress concen- 
tration is decreased. 

Mr. E. T. WEssEL (author) —As Mr. 
Sachs points out, a decrease in the effec- 
tive strain rate in the notch tension test 
results in a lowering of the transition 
temperature as indicated by the total 
plastic extension criteria, Fig. 10. As was 
described in more detail in the paper, 
the lowering of the transition tempera- 
ture by decreasing the strain rate is 
largely the result of the effect of strain 
rate on yield strength—a decrease in 
strain rate effectively causing a displace- 
ment of the yield strength versus tem- 
perature curve to lower temperature 
levels. 

The basic means by which an increase 


1 Associate Director of Research, Syracuse 
University Research Inst., Syracuse, N. Y. 

2T. N. Armstrong and A. P. Gagnebin, 
“Impact Properties of Some Low-Alloy Nickel 
Steels at Temperatures Down to —200 F,”’ 
Transactions, Am. Soc. Metals, Vol. 28, pp. 
1-19 (1940). 


553 


in the notch radius (decrease in notch 
sharpness or theoretical stress concen- 
tration) causes a lewering of the transi- 
tion temperature is not as clearly seen. 
Normally this behavior is attributed to 
the effects of the corresponding changes 
in stress concentration and their subse- 
quent influence on the measured or av- 
erage applied stress level which is re- 
quired to initiate yielding or fracture. 
However, as illustrated in Fig. 9, when 
specimens of varying notch radii (notch 
sharpness or stress concentration) are 
tested at the same effective strain rate, 
no difference in yield strength (defined 
as the stress at the minimum observable 
plastic extension of 1 X 10~ in.) can be 
ascertained. Hence the primary means 
by which notch sharpness affects the 
transition temperature is by its relative 
influence on the measured or average 
fracture strength—decreasing notch 
sharpness increases the fracture strength, 
lowering the transition temperature, for 
tests at the same effective strain rate. 
This behavior is attributed to a smaller 
degree of strain concentration or plastic 
restraint in the less sharp notches. 
Stress concentrations, as are normally 
considered to exist at the root of a notch, 
may influence the applied stress level 
required for the very early stages of plas- 
tic deformation; that is at plastic strains 
smaller than the minimum observable 
amount of 1 X 10~ in. detectable with 
the apparatus used in these experiments. 
Even if such effects do prevail in the mi- 
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crostrain region, they apparently exert 
little influence on the general flow be- 
havior for the temperature range in 
which the steel is capable of relatively 
larger amounts of notch ductility before 
brittle fracture. However, at tempera- 
tures below the intersection of the yield 
and fracture curves (Figs. 5 to 7) where 
the notch ductility is quite small and 
brittle fracture occurs during initial 
yielding, notch stress concentrations 
appear to have a pronounced effect on 
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URAL STEEL 

the measured average yield and fracture 
stresses, and the data indicate a closer 
approach to the results anticipated from 
elastic theory. 

The author is indebted to Mr. Sachs 
for having pointed out the difficulty in 
understanding the effects of notch sharp- 
ness on the transition temperature and 
for the reference to the work of Arm- 
strong and Gagnebin? which correlates 
quite well with the findings of the present 
investigation. 
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EFFECTS OF A NUMBER 
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Tests on sharply notched bars performed at sufficiently low temperature 
clearly disclose the tendency of 4340 steel to be highly notch sensitive on 
static loading, if tempered at temperatures between 500 and 700 F. These 
tests also reveal that a two-step quenching procedure leads to high-strength 
steel conditions that are superior to those obtained on conventional oil quench- 


ing and tempering. 


In the evaluation of the notch sensi- 
tivity of high-strength steels, the notch- 
tension test is now widely used as an 
index of service behavior. For a given 
steel, however, many factors affect the 
notch-strength measured in the test. 
Some of the most important of these are 
the following: 

(a) The metallurgical structure, re- 
sulting from tempering the martensite, 
bainite, or mixed structures in the ‘500 F 
embrittlement” range,” 

(6) The specimen size and notch 
geometry, and 

(c) The testing temperature and the 
strain rate. 

It is now generally accepted that 
“slack-quenched”’ structures give rise to 
inferior notch properties compared to 
initially martensitic structures when 
tempered to comparable strength levels 


* Presented at the Fifty-ninth Annual Mecet- 
ing of the Society, June 17-22, 1956. 

1 Associate Director of Research, Research 
Associate, Professor of Metallurgical Engi- 
neering, Syracuse University Research Inst., 
Syracuse University, Syracuse 10, N. Y. 

2 Actuaily, minimum ductility and impact 
strength are usually observed on tempering 
between 600 and 700 F. 
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(1).3 It has become an increasingly im- 
portant objective, therefore, to avoid 
slack-quenching of steels for high- 
strength use. Heretofore, this has been 
possible only by the use of ultra-deep- 
hardening steels. 

While slack-quenched steels have defi- 
cient notch properties, the principal 
low-alloy steel for aircraft applications, 
namely, 4340 steel, if transformed to 
lower bainite, has properties comparable 
to and perhaps even superior to the 
properties of tempered martensite at the 
same strength level (2). Such bainitic 
structures, however, will not attain the 
highest strength levels obtainable for 
tempered martensite which are desired. 
Recently, it has been shown that 4340 
steel by suitable thermal cycling can be 
transformed on quenching to high- 
strength bainite (3). The notch-strength 
properties of such high-strength bainite 
are at present unreported. 

The objective of the investigation to 
be discussed was threefold. First, the 


?The boldface numbers m parentheses refer 
to the list of references appended to this paper, 
see p. 565. 
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Fic. 1.—Test Specimens. For Dimensions 
See Table I. 


TABLE I.—MAJOR SPECIMEN DIMEN- 
SIONS, NOTCH RADII AND STRESS CON- 
CENTRATION VALUES. (SPECIMEN IL- 
LUSTRATED FIG. 1.) 


DIMENSIONS, IN. 


Unnotched 
Type i | Type2 | Type3 | Type4 
1.00 1.00 | 4.00 
| See 0.25 | 0.25 | 0.50 | 0.25 
0.300 | 0.300 | 0.500 | 0.300 
eer 0.50 | 0.50 | 0.75 | 0.50 
1.50 1.50 | 5.00 1.50 
Stress CONCENTRATIONS K;, SEE 
PETERSON Paper (6). 
Ss is cs |e 
D=0.3 2} 8.812 /|13.5)15.5 18.5) 26 
D = 0.5 |3.95.211 15.8) 


general response of various strength 
levels of 4340 steel to stress concentra- 
tions of different magnitude and at test- 
ing temperatures ranging from room 


temperature to very low temperature was 
to be evaluated. Second, from such ten- 
sion and notch-tension tests, the range of 
existence of the 500 F embrittlement 
under static loading conditions was to be 
determined. Third, a determination was 
to be made of the effects of two-step 
treatments promoting lower bainite 
structures on the notch-strength charac- 
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Fic. 2.—Typical Cooling Rate Curves for 
Notch Tension Specimens, 0.3 in. Diameter. 


teristics and 500 F embrittlement of 4340 
steel. 

EXPERIMENTAL PROCEDURE 
Material: 


The 4340 steel studied was supplied as 
}-in. bar stock of the following compo- 
sition: 


Carbon, per 0.38-0.39 
Manganese, per cent............. 0.76 
Phosphorus, per cent............. 0.015 
0.015 
0.29 
1.84 
Chromium, per cent............. 0.72 
Molybdenum, per cent........... 0.23 


Heat Treatments: 


The 4340 steel was heat treated in 
three different manners, as follows: 

The conventional heat treatment was 
to normalize from 1600 F, austenitize at 
1600 F for 1 hr, oil quench and temper 
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Fic. 3.—Tensile Strength Levels of 4340 Steel as a Function of Heat Treatment and Testing 


Temperature. 


for 1 hr. The tempering temperatures 
usually ranged from 400 to 800 F and 
were occasionally as low as 212 F and as 
high as 1200 F. 

The two additional heat treatments 
were aimed at forming lower bainite on 
cooling. These specimens were heated to 
1600 F for 1 hr, furnace cooled to 1325 F 
and held at this temperature for 1 hr. 
One set of specimens was then oil 
quenched; the second was air cooled. 


Typical cooling-rate curves for the 


center of notched sections were recorded 
for the last two heat treatments and are 
given in Fig. 2. These rates at 1250 F 
correspond to Jominy distances of about 
ye and 17% in., respectively. Therefore, 
the transformation products resulting 
from both cooling cycles should be ap- 
proximately the same. 


Test Specimens: 


Both smooth and notched tension-test 


bars, shown in Fig. 1, were tested. Varia- 
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tions in major dimensions are listed in 
Table I. 


Test Conditions: 


The specimens were loaded in special 
adaptors to insure concentricity. Tests 
were performed at room temperature 
(approximately 80 F), in dry ice and 
acetone (approximately — 100 F), and in 
liquid nitrogen (approximately —320 F). 


Representation of Test Data: 


Average points, as a rule from two 
tests, are reported in graphs. Due to the 
comparatively small number of tests for 
each particular condition, some scatter 
has remained in the average results, par- 
ticularly for tests at —320 F. The con- 
struction of trend curves through these 
points has been made to insure that all 
curves are in conformance to each other 
and to the general rules established by 
the large total volume of the work. 


EXPERIMENTAL RESULTS 


Effect of Testing Temperature on Tensile 
Properties: 


The results of tension tests on 4340 
steel at three different temperatures after 
the various heat treatments are pre- 
sented in Fig. 3. In all instances, a uni- 
form decrease in the testing temperature 
resulted first in a small and then in a 
comparatively large increase in ‘tensile 
strength. 

The ductility was practically the same 
at —100 F as at room temperature, but 
comparatively lower at —320 F. This 
difference was 20 to 25 per cent for all 
heat treatments and tempering temper- 
atures of 300 F or higher. However, for 
the oil-quenched condition after the 
212 F temper, the ductility at —320 F 
was greatly reduced, giving rise to a 
ductility transition at a tempering tem- 
perature between 200 and 300 F. 

Therefore, only a slight indication of 
the 500 F embrittlement, represented by 


a small decrease in ductility at tempering 
temperatures between 500 and 700 F, 
was encountered in the regular tension 
tests on the 4340 steel at any of the tem- 
peratures investigated. However, accu- 
rate tests on high hardenability steels 
usually reveal a slight depression in the 
reduction of area values of unnotched 
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Fic. 4.—Tensile Strength Levels of 1340 
Steel as a Function of Testing Temperature. 


specimens after tempering at approxi- 
mately 700 F (5). This has not yet been 
explained and may be an indication of 
the development of the 500 F embrittle- 
ment. 

This is in distinct contrast to the pre- 
viously observed behavior of a steel 
possessing lower hardenability, namely, 
a 1340 steel, which, because of its inferior 
low temperature properties, suffers a 
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great loss in ductility on testing below 
—220 F (see Fig. 4) if tempered at tem- 
peratures between 500 and 700 F (4). 
The tensile strength of heat-treated 
steels has been found in earlier tests on 
materials at strength levels up to about 
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needed for the evaluation of stress-con- 
centration effects. In order to eliminate 
the unavoidable variations in the experi- 
mental data, such basic values were ob- 
tained from the various trend curves in 
Figs. 3 and 6. 
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Fic. 5.—Effect of Strength Level on the Low Temperature Strength of High Strength Low Alloy 
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Fic. 6.—Effect of Tempering Temperature on the Low Temperature Strength of 4340 Steel. _ 


180,000 psi to increase with decreasing 
temperature at a rate that depended 
primarily upon the tensile strength and 
became smaller as the strength increased 
(4), as shown in Fig. 5. This graph also 
includes the results of present tests and 
shows that the relative increase in 
strength on lowering the testing temper- 
ature, is further reduced as the tensile 
strength increases up to nearly 300,000 
psi. This is further illustrated in Fig. 6, 
as a function of the tempering tempera- 
ture. 

Basic values of tensile strength were 


— 


General Effects of Increasing Stress 
Concentrations: 


The stress concentration factors for 
the notch geometry used were obtained 
from R. E. Peterson’s ‘‘Stress Concen- 
tration Design Factors” (6). The highest 
values of stress concentration were ob- 
tained by calculation and extrapolation 
in accordance with Appendix A of R. E. 
Peterson’s book. Stress concentrations 
for notch radii smaller than 0.001 in. are 
considered accurate only in the order of 
magnitude. 

The effect of a notch on the tensile 
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strength of heat-treated steels depends 
upon many factors. Notches having a 
geometry similar to that investigated 
here leading to elastic stress concentra- 
tions of greater than approximately 2 
generally increase by about 50 per cent 
the strength of steels heat treated to 
200,000 psi or less (1). However, as the 
strength level increases above this value, 


a tempering temperature of 800 F leading 
to a tensile strength close to 200,000 psi. 
However, tempering at lower tempera- 
ture leads to notch-strength values that 
generally decrease as the stress concen- 
tration increases. The rate of this de- 
crease was found to increase as the tensile 
strength increased and to be greatest for 
the lowest tempering temperature gen- 
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Fic. 7.—Effect of Heat Treatment and Stress Concentration on the Notch Strength and Notch 
Strength Ratio of 4340 Steel Tested at Room Temperature. 


the notch strength decreases to values 
that may be very low for very high tensile 
strength and high stress concentration. 
This general trend is also maintained 
for 4340 steel after the various heat treat- 
ments investigated. The results of tests 
at room temperature, Fig. 7, reveal that 
the magnitude of stress concentrations 
has little effect on the notch strength for 


erally investigated, namely, 400 F. No 
indication of the 500 F embrittlement 
could be observed in the notch tests at 
room temperature. 

At a testing temperature of —100 F, 
however, the 500 F embrittlement grad- 
ually develops, according to Fig. 8, as 
the stress concentration increases. At the 
two mildest stress concentrations inves- 


‘ 
4 
{ 
cay 
Ris. 
+ ] 
( 
’ 
* 
— 
( 
| 
4 


On NotcH STRENGTH OF 4340 STEEL 


tigated, only a faint indication of this 
embrittlement could be observed. How- 
ever, at higher stress concentrations it 
became distinct for two of the steel con- 
ditions investigated, while it was still 
not definite for the third. 

Finally, at —320 F the 500 F em- 
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tion. It is interesting to note that notch 
radii of less than 0.001 in. caused a small 
but distinct reduction in notch strength 
whenever the stress-concentration effect 
was high. On the other hand, it appears 
quite definite from these data that thus 
increasing the stress concentration above 


brittlement (Fig. 9) was ve ro- a value of approximately 10 leads to a 
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Fic. 8.—Effect of Heat Treatment and Stress Concentration on the Notch Strength and Notch 


Strength Ratio of 4340 Steel Tested at —100 F 


nounced, even at the lowest stress con- 
centrations, and it led to very low 
notch-strength ratios at the highest 
stress concentrations. 

Cross-plotting the data of Figs. 7 to 9 
with stress concentration as abscissa in 
Fig. 10 further illustrates the progressive 
embrittlement of the various steel con- 
ditions with increasing stress concentra- 


gradual approach to a limiting value of 
notch strength that is only slightly re- 
duced compared to the value for the 
stress concentration of 10. 

For further comparison of the test re- 
sults, therefore, notch-strength values 
for the two highest stress concentrations 
have been averaged in order to reduce the 
variations in these data. 


4 


l. 
4 
4 

> 

| 
— 
3 
00 
tch 
No 
ont 
at 
| 
ad- 
the 
G 


562 


Effect of Heat-Treating Method on Stress- 
Concentration Effects: 


The heat treatments discussed here, 
other than the conventional treatment, 
are aimed at the production of a lower 
bainite structure on quenching. The 
ductility of unnotched specimens has 
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two-step oil-quenched specimens at lower 
tempering temperatures. However, at 
— 320 F these differences became rather 
small and nearly nil for the higher tem- 
pering temperatures. However, this 
rating of the three heat treatments, 
derived from ductility values, was not 
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Fic. 9.—Effect of Heat Treatment and Stress Concentration on the Notch Strength and Notch 


Strength Ratio of 4340 Steel Tested at —320 F. 


been found to be slightly dependent on 
the heat treating method (Fig. 3). At 
room temperature, the two-step treat- 
ments yielded ductilities that were a 
few per cent smaller than those of the 
conventional heat treatments. In addi- 
tion, the air-cooled specimens exhib- 
ited slightly lower ductilities than the 


confirmed by the test results on notched 
specimens. 

The notch-strength properties were 
also found to be different in all three 
instances, but these relations consider- 
ably varied with the tempering tempera- 
ture, the stress concentration factor, and 
the testing temperature, as is illustrated 
in Fig. 10. 
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At room temperature and a stress- 
concentration factor of about 4, all three 
heat treatments yielded the same notch- 
strength values, within the scattering of 
the test data. For a stress concentration 
factor of about 10, the air-cooled ma- 
terial was found to be slightly inferior to 
the two other heat treatments at the 
lowest tempering temperatures. 
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At —320 F the notch-strength values 
followed similar relative trends although 
there was considerable scattering of the 
test data. 

The effects of the various heat treat- 
ments are further represented in Fig. 11, 
where the notch strength is plotted as a 
function of the tempering temperature. 
These curves illustrate particularly the 
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Fic. 10.—Effect of Heat Treatment, Stress Concentration, and Testing Temperature on the 


Notch Strength Ratio of 4340 Steel. 


At —100 F, both two-step treatments 
yielded slightly higher notch-strength 
values than the regular oil-quench for 
the highest tempering temperature. 
After tempering at from 400 to 690 F, 
the normal quenched material was inter- 
mediate, with the air-cooled condition 
possessing the lowest notch-strength 
values. These relations clearly developed 
as the stress concentration increased. 


superiority of the two-step oil-quenched 
condition at testing temperatures in the 
range of —100 F. 

The 4340 steel heat treated to strength 
levels above 200,000 psi has been shown 
to become increasingly notch sensitive 
as the notch radius decreases and as the 
testing temperature is reduced. 

At room temperatures, the static notch 
sensitivity increases gradually as the 
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tensile strength increases above 200,000 
psi, and there is no indication of a par- 
ticularly high notch sensitivity in the 
range 500 to 700 F. 

At a testing temperature of —100 F, 
similar behavior is observed except 
that 500 F embrittlement has developed 
for the most sharply-notched specimens. 
At -—320 F all notched specimens 
reveal the 500 F embrittlement, to a 


quenching from 1600 F). However, the 
structures formed after furnace cooling 
to 1325 F and subsequent air cooling 
possess reduced notch toughness even in 
the absence of obvious slack-quenched 
products. 

The tension tests in this investigation 
were completed on specimens of small 
cross-section. Subsequent tests indicate 
that the notch-properties of the ultra 
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Fic. 11.—Effect of Heat Treatment on the Notch Strength of 4340 Steel Tested at Various 


Temperatures, as Indicated. 


degree that increases with the sharpness 
of the notch. 

The intensity of the 500 F embrittle- 
ment depends further on the heat treat- 
ing procedure. 4340 steel, if given a two- 
step heat treatment to suppress the 
formation of upper bainite (i.e., austen- 
itizing at 1600 F for 1 hr, followed by 
furnace cooling to 1325 F and holding at 
that temperature for 1 hr, prior to oil 
quenching) was found to be less notch 
sensitive than this steel when given che 
conventional heat treatment. (i.e., oil 


high-strength steels were also a function 
of the cross-section of the specimen. 
The effects of as-tested section size on 
the notch strength of 4340 steel given 
conventional and two-step heat treat- 
ments are now being investigated in the 
Syracuse University Research Labora- 


tories. 
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DISCUSSION 


Mr. C. M. CarMAn.'—From the tone 
of this paper, it is assumed that 4340 steel 
is not notch sensitive at room tempera- 
ture but may be notch sensitive at 
—320F. In attempting to interpret 
these tests in terms of service conditions, 
does this mean that 4340 steel would be 
notch sensitive when used in structures 
or notch sensitive only at low tempera- 
tures? 

Mr. E. P. (author)—The small 
notch tension specimens indicate that 
4340 steel tested at room temperature is 
notch insensitive, and in service appli- 
cations where the loaded section is equal 
to or less than that of these test speci- 
mens, the present results should provide 
a satisfactory index of performance. As 
the section size increases, the service 
performance will not be faithfully repre- 


1 Metallurgist, Frankford Arsenal, Phila- 


delphia, Pa. 


sented by these results. Under extreme 
conditions, that is, as the section size 
increases to large dimensions, notch 
tensile strengths as given in Fig. 12, may 
more realistically represent performance.’ 

Mr. E. T. WEssEL.*—A question arises 
regarding the preparation of the notched 
tension specimens used in this investiga- 
tion. It would be enlightening to know 
what sort of machining, grinding, or 
other techniques were used to obtain the 
very small notch radii (0.0005 to 0.0001 
in.) shown in Table I. It appears that very 
critical machining would be necessary 
since small deviations in the notch radii 


2 These results depend on the steel composi- 
tion, heat treatment, notch radius, and specimen 
size. A paper in which these factors have been 
more fully examined has been presented to 
ASTM by E. P. Klier, B. B. Muvdi, and G. 
Sachs, ‘‘Effect of a Number of Variables on the 
Tensile Properties of High-Strength Steels,” 

3 Research Engineer, Westinghouse Research 
Laboratory, Pittsburgh, Pa. 
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would cause relatively large differences 
in the theoretical stress concentrations 
for this range of notch sharpness. Any 
real difference in notch behavior that 
may exist between these sharp notches 
would tend to be obscured if such varia- 
tions of notch radii were present. Such 
an averaging effect would promote the 
appearance that, once some critical 
stress concentration was reached, further 
increases of stress concentrations (notch 
sharpness), would have little effect on 
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Fic. 12.—Effect of Heat Treatment and As- 
Tested Section Size on Notch Strength of 4340 
Steel. 


notch strength as was reported to be the 
case. 

Mr. Kurer.—The notches in 
specimens tested were ground. 

Measurement of the notch root radius 
for these very small dimensions is diffi- 
cult, but it is possible to group the notch 
radii fairly easily into intervals of 
0.00025 in. 

None of the specimens was annealed 
after grinding to relieve grinding stresses. 
Such stress relief while of possible value 
for fatigue loading is probably not sig- 
nificant for the present type of test. 

Mr. Oscar O. MILter.*—It seems 


4 International Nickel Co., Research Labora- 
tory, Bayonne, N. J. 


the 


DISCUSSION ON NOTCH STRENGTH OF 4340 STEEL 


that some other investigator has found 
that the direct quench from somewhere 
around 1550 or 1600 F gave them better 
results than a stepwise treatment. Would 
the authors like to comment, or do they 
know what causes this result due to hold- 


ing at 1325 F 


TABLE II.—AUSTENITIZING SCHEDULES 
FOR IMPACT STRENGTH STUDY 


All Specimens Initially Air Cooled from 1600 F 


After 1 hr. 
A. 1500 F } 1 hr-4 hr-12 hr- 24 hr 
B. 1550 F | 1 hr-4 hr 
C. 1600 F | 1 hr-4 hr 
D. 1500 F | 1 hr, F.C. to 1300 F -1 hr-4 hr - 
16 hr 
E. 1500 F | 1 hr, F.C. to 1325 F -0 hr-1 hr - 
4 hr - 66 hr 
F. 1500 F | 1 hr, F.C. to 1350 F -1 hr -11 hr 
G. 1550 F 1 hr, F.C. to 1325 F -0 hr 
| 


| 
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01500 -1325(4)-0Q 
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re) 


Fic. 13.—The Impact Strength of 4340 Steel 
after the Indicated Heat Treatments. Points 
are average of 10 tests. 


Mr. Kurer—In addition to the 
ventional austenitizing treatment and 
the stepped treatment described in this 
paper, a third schedule has been pro- 
posed. It consists of a high-temperature 
normalizing followed by a low-tempera- 
ture austenitizing. The impact strength 
of 4340 steel after each of these austeni- 
tizing treatments has been completed 
as given in Table II. For certain of these 
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treatments, inferior impact strengths 
were measured for the stepped aus- 
tenitizing treatments. The optimum 
impact strength versus tempering tem- 
perature data for each of the types of 
austenitizing schedules are given in 
Fig. 13. The minimum impact strength 
versus tempering temperature data for 
each of the schedules are given in 
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Fic. 14.—The Impact Strength of 4340 Steel 
after the Indicated Heat Treatments. Points 
are average of 10 tests. 


Fig. 14. As may be assumed from 
the cooling rate data in Fig. 2 of the 
paper and from the measured cooling 
rates in large sections which have been 
variously reported,° the impact strengths 
given in Fig. 14 probably more nearly 
characterize the properties for the 
structures to be expected in large sec- 
tions. 

The notch 


impact strength and 


5 For example see Metals Handbook ‘“‘Quench- 
ing Mediums,” pp. 615-620, 1948 Ed., Am. Soc. 
Metals. 
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strength may be taken as indexes of 
notch sensitivity. By taking into con 
sideration that the ductile-brittle ranges 
as measured in the two tests are sepa- 
rated by a temperature interval as given 


-400 -200 ie) 200 400 
Testing Temperature, deg Fohr 


Fic. 15.—Ductile-Brittle Transitions in the 
Notch-Tensile and Impact Tests as Function of 
the Testing Temperature. 


in Fig. 15, compatible indexes of notch 
sensitivity for the two test methods are, 
in principle, possible. However, this is 
true only when the sections of the serv- 
ice members are of the same ‘dimensions 
as the test specimens. For large sections 
the properties to be expected are not 
faithfully predicted by either of the 
small scale tests. 
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EFFECT OF COMPOSITION 


By E. J. WHITTENBERGER,' E. R. 


appear to increase the impact strength. 


AND HEAT TREATMENT ON IMPACT 
PROPERTIES OF AISI TYPES 403 AND 410 STAINLESS STEEL* 


ROosENOwW,' AND D. J. CARNEy! 


SYNOPSIS 


The use of higher carbon contents (0.12 to 0.19 per cent), the addition of 
nitride- and carbide-forming elements (aluminum, vanadium and titanium), 
and austenitizing at lower temperatures to achieve finer grain size and mini- 
mize intergranular carbide precipitation during subsequent tempering, were 

found to improve the impact properties of the 12 per cent chromium steels 
investigated. Increasing amounts of manganese, nickel, and nitrogen did not 


The most widely used of the marten- 
sitic grades of stainless steel are the so- 
called 12 per cent chromium steels. 
These steels contain approximately 
0.06 to 0.13 per cent carbon and 11.5 to 
13.0 per cent chromium. Their resistance 
to corrosion by many environments and 
their excellent physical properties at 
both room and elevated temperatures 
make them ideally suited for blades and 
buckets in steam and gas turbines, for 

; valve parts, and for applications in the 
oil and chemical industries. 

In many of these applications, in- 

! creasing demands for improved per- 

formance have prompted the use of these 
steels at high hardness and impact- 
strength levels. Therefore, the present 
investigation was undertaken to de- 
termine the most desirable combination 
| of chemical composition, heat treatment, 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
: 1Chief Development Metallurgist, Physicist, 
and Superintendent, No. 2 Electric Furnace Shop, 
respectively, South Works, United States Steel 
Corporation, Chicago, Ill. 
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and microstructure that would yield 
optimum impact strength at high 
hardness levels. 

Previous unpublished investigations 
at the United States Steel Corp. had 
indicated that the presence of ferrite in 
the as-quenched microstructure, ob- 
tained by adjustment of the austenitizing 
temperature, improved the impact 
strength. Also, the addition of carbon 
in increasing amounts improved impact 
properties. However, because the pres- 
ence of ferrite in as-quenched 12 per cent 
chromium steels is not considered to be 
desirable due to its detrimental in- 
fluence on hot-working characteristics 
and fatigue properties, further investi- 
gation was considered necessary in 
order to develop a 12 per cent chromium 
steel, having a minimum of as-quenched 
me, and optimum impact strength. 


PROCEDURE 


Twenty six-pound induction-furnace 
heats of the standard 12 per cent 
chromium steel composition and 12 per 


| 


Cc 
| 
I 
- 
+i) 
‘ 
= ond 
i | i 
i 
‘ 
te 
| 
W 
ad ¥ 
* 
” 
= 


cent chromium steels modified 
carbon, manganese, nickel, vanadium, 
titanium, aluminum, and nitrogen were 
melted to study the relative effect of 


with 


The 


On Impact PROPERTIES OF STEEL 


laboratory 


STEELS INVESTIGATED. 


induction-furnace 
heats were cast in graphite molds 23 in. 
in diameter by 14 in. high and subse- 
quently forged to 1} in. diameter and 


TABLE I.—CHEMICAL ANALYSES OF THE 12-PER-CENT CHROMIUM 
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Standard '0.12/0.53/0.008 0.015|0.43|0.09|12.74|0.038 
Standard 
| 
Manganese 0.11}1.02/0.009 0.030)0.36/0.21 12.52 0.028) 
Manganese .028/0 .32,0 .09)12 .08|0.029) 
Manganese (0.07|1.36/0 012/0 .031)0 37/0.22)12.22 0.035 
Manganese (0.11}1 0. 13)12.36)0.031, 
d Nickel 0.40 0.59|12.22,0.034 
Nickel 0.12/0.46/0.010/0 0.60/12.38)0 036 
Nickel 0340.35 0.50|12 .60/0.028, 
No. 16.. Nickel 0.19]0.49 44 0 .52}12.48|0.070) 
Nickel 0.09 0.46)0 .009'0.042 0.47|1.02)12.32/0.036 
g Nitrogen 
t Nitrogen 0.08}12.000.12 
Nitrogen 
t 
| 
e Manganese .46 0.05)12.18 0.023 
Standard ... 
» Aluminum 0.14'11.510.0690.09 | ... 
Vanadium 0.34 0.08 12.28 0.023 0.015|0.07]| ... 
Titanium and | .../0.07 
Aluminum | | 
n Bar 14 0.09/0.46 0.025,0.0110.31/0.2412.24 ... |... | 
d Bar 6 0.10)0.44,0.023 0.013,.0.240.2412.24) |... 
1. 
these additions on the Charpy and Izod 3 in. square bars for tension and impact _ 
impact properties. Also included in specimens, respectively. Pilot specimens, — 
e this program was one commercial 12 3-in. cubes, were secured from each heat 
it per cent chromium steel with erratic to determine the as-quenched hardness 


impact values in heat-treated bars. 


for various austenitizing temperatures. 
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To determine the optimum austenitiz- 
ing temperature, 3-in. cube pilot speci- 
mens of the heats with four carbon 
levels and varying manganese, nickel, 
and nitrogen contents (Codes 1 to 24, 


On Impact PROPERTIES OF STEEL 


571 


ature was in agreement with the com- 
mercial heat-treating temperature range 
of 1700 to 1850 F. Within this temper- 
ature range, the austenite field for 12 
per cent chromium steel is the broadest. 


percent CR Base 
Composition 


F 
20} 


C-0.50 per cent 
Nickel 


77 


$ 


“v" Notch Charpy Impact, ft-!b 


0.20 
Carbon, percent 


B-0.12 per cent Nitrogen Series 


0.05 


Fic. 1.—Influence of Carbon Content Upon the 0 and 80 F V-Notch Charpy Impact Strengths 
of The Modified 12 per cent Chromium Steels after Austenitizing at 1750 F Followed by Oil Quench- 
ing and Tempering to 300 Brinell Hardness Number. Number on Bar is the Coded Heat Number 


(Table I). 


Table I) were austenitized at temper- 
atures from 1700 to 1850 F at 50 degree 
intervals. Specimens were held at 
temperature for 45 min and oil quenched. 
The results of the hardness measure- 
ments of these specimens suggested that 
an austenitizing temperature of 1750 
F would be satisfactory for all the 
compositions involved. This temper- 


Test coupons for impact specimens 
were austenitized at 1750 F for 1 hr and 
oil quenched, then drawn for 1 hr at a 
temperature to obtain a Brinell hardness 
number of 300 or greater. Tempering to 
this high hardness level was done so that 
a critical evaluation of these ex- 
perimental compositions could be made. 
V-notch Charpy impact specimens were 
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machined and tested ait 0 and 80 F. 
If the results obtained at 0 F were above 
10 ft-lb, a third testing temperature of 
—40 F was used. If the impact results 
were below 10 ft-lb at 0 F, a third testing 
temperature of +120 F was used. The 
temperatures at which the impact tests 
were made were considered to be within 
+5 F of the indicated temperature. In 
addition, tensile properties and keyhole 
Charpy impact strengths were de- 
termined for the steels representing the 
0.12, 0.17, and 0.19 per cent carbon 
levels of the base 12 per cent chromium 
compositions heat treated as outlined 
above. 

For the portion of the investigation 
pertaining to the effect of microstructure 
on impact strength of the 0.10 per cent 
carbon steel, specimens from a com- 
mercial heat (Code 32) and laboratory 
heats containing additions of aluminum, 
vanadium, and a titanium-zirconium- 
aluminum agent were obtained. To 
determine the extent of austenite forma- 
tion, 3-in. cube pilot specimens of these 
steels were austenitized at temperatures 
from 1500 to 1950 F at 50-degree inter- 
vals for 1 hr and quenched in oil. Hard- 
ness readings and metallographic obser- 
vations were made on each specimen. 
The lowest austenitizing temperature 
that produced the maximum hardness in 
each steel was then selected as the 
quenching temperature for tension and 
impact testing. The test coupons were 
tempered to several hardness levels and 
keyhole Charpy impact properties were 
determined. Metallographic studies of 
grain size and carbide distribution were 
made on each of the impact specimens 
tested. 


RESULTS AND DISCUSSION 
Influence of Chemical Composilion on 
Impact Strength: 
_ The results of the impact testing and 
metallographic observations are pre- 
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sented in Table II. The impact results 
obtained at 0 and 80 F are summarized 
in Fig. 1. 

In analyzing the impact results, con- 
sideration was given to the effect of a 
given element on the level of impact 
strength as well as its effect on the tem- 
perature range over which the impact 
strength was 15 ft-lb or above. As will 
be noted in Table II, carbon has a 
marked effect on improving the impact 
strength level at 0 and 80 F, thus 
broadening the temperature range for 
good impact behavior in the 12 per cent 
chromium-base composition. Higher car- 
bon contents also improve impact char- 
acteristics of the 12 per cent chromium 
steels containing 0.12 per cent nitrogen,. 
0.5 nickel, 1.0 nickel, and 1.5 manganese. 
The effect of carbon on 12 per cent 
chromium steels containing 1.0 per cent 
manganese was not consistent. 

In comparison with carbon, the effect 
of the other elements—, nickel, manga- 
nese, and nitrogen—, was minor. Indeed, 
with the exception of 1 per cent manga- 
nese and 0.50 and 1 per cent nickel, both 
of which improved the impact character- 
istics of the low-carbon 12-per cent 
chromium steels at 0 F, addition of these 
elements had no effect or were detri- 
mental to impact characteristics. 

Because of the favorable improvement 
in the V-notch Charpy impact properties 
of the three higher carbon levels of the 
base composition, keyhole Charpy and 
Izod impact properties were also de- 
termined. Samples were austenitized at 
1750 F and were tempered to Brinell 
hardnesses of approximately 300 for 
keyhole Charpy testing and approx- 
imately 230 for Izod impact testing. The 
impact results are listed in Table III. 
All three carbon levels (0.12, 0.17, and 
0.19 per cent) of the base composition 
Codes 2, 3, and 4, exhibited encouraging 
keyhole Charpy impact properties, 35 
ft-lb or better, and good Izod impact 
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strengths, 93, 83, and 80 ft-lb, respec- 
tively. Each heat contained a small 
amount of ferrite which influenced the 
good impact results obtained on these 
steels. 
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Effect of Heat Treatment and Micro- 
structure on Impact Properties: 


In the study of the effect of micro- 
structure, emphasis was placed upon the 
effect of prior austenitic grain size and 


A-Manganese Series 


| 


3504 7 if 0.12 percent C-0.53 percent Mn (No.2) 
4 O.12percent C-1.44 percent Mn (No.10) 
x O.1l percent C-1.02 percent Mn (No. 6) 
(26rys | / © 0.09 percent C-0.92per cent Mn (No. 27) 
550 
B-Nitrogen Series 
~ 
= ° 


Brinell Hardness, os Quenched 


400 

} © O.12 percent C-O0.12 per cent N (No. 22) 
@ O1Opercent C-0.098 per cent N (No. 26) 
0.11 percent C-0.048 percent N (No.28) 
x per cont (ite. 25) 
300 

Ht 1500 1600 1700 1800 1200 2000 


Austenitizing Temperature, deg Fahr 


Fic. 2.—Effect of Austenitizing Temperature on the Hardness of 12 per cent Chromium Steels 


Oil Quenched After 1 hr at Temperature. 


In summary of the effect of chemical 
composition, increasing the carbon con- 
tent increased the impact strength of the 
base composition and of several of the 
modified compositions studied. Increas- 
ing the manganese, nickel, and nitrogen 
contents did not produce any material 
improvement in impact properties. 


amount and distribution of carbides in a 
steel essentially free of ferrite. The grain 
size was varied by a variation of the 
austenitizing temperature, the 
amount and distribution of carbides were 
varied by addition of carbide- or nitride- 
forming elements. Included in this 
portion of the investigation were the 0.12 
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per cent carbon, manganese, and nickel 
series from the first part of the investi- 
gation (Codes 6, 10, 14, and 18) and 
additional laboratory heats containing 
0.10 per cent carbon with small amounts 
of aluminum, vanadium, and a titanium- 
zirconium-aluminum addition agent. 


as a function of the temperature in 
Figs. 2 and 3. The ferrite and grain size 
ratings for the heat treatments chosen 
for impact testing are listed in Table 
IV. 

Hardness results obtained from the 
quenched specimens were used to de- 


A-Nickel Series 
450} 
4007 
£ © 0.12 per cent C-1.15 percent Ni (No. 18) 
0.12 per cent C-0.60 per cent Ni (No. 14) 
S 350 
o 
450F Aluminum- Vanadium - 
Titanium Series 
x i 
400} ° 
350} 
3004 © 0.10 percent C-0.09 percent Al (No. 29) 
® 0.10 per cent C-0.07 percent V (No. 30) 
0 O.lO per cent C-0.07 percent Ti (No. 3!) 
250 2 


1600 


1700 


1800 1900 2000 


Austenitizing Temperature, deg Fahr 


Fic. 3.—Effect of Austenitizing Temperature on the Hardness of 12 per cent Chromium Steels 


Oil Quenched After 1 hr at Temperature. 


To determine the relationship between 
the austenitizing temperature and the 
extent of ferrite precipitation for these 
heats (Codes 6, 10, 14, 18, and 25 to 32, 
Table I), 3-in. cube specimens were 
heated for 1 hr at the temperatures 
selected for the study and then oil 
quenched. Hardness results are plotted 


termine the minimum austenitizing 
temperature that would produce a 
completely austenitic structure, except 
for undissolved carbides. For the ma- 
jority of the steels studied, an austeni- 
tizing temperature of 1650 or 1625 F 
produced a structure practically free of 
ferrite, with varying amounts of un- 
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dissolved carbides or nitrides. A few of 
the steels tested contained very small 
amounts of ferrite (less than 1 per cent) 
at this temperature (Table IV). The 
hardness results obtained for the various 
steels varied with the chemical compo- 
sition and, in general, increased with the 
carbon content.* Increasing the per- 
centage of manganese or nickel had little 
effect on hardness over the range of 
temperatures investigated. The lower 


hardness (Fig. 3(b)), as would be ex- 
pected with the presence of undissolved 
carbides. 

Tension and Charpy and Izod impact 
specimens for the above studies were 
heat treated at 1650 or 1625 F and 
tempered to a Brinell hardness of ap- 
proximately 300 for keyhole Charpy 
impact testing and approximately 230 
for Izod impact testing. In order to 
evaluate the effect of grain size and un- 
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Prior Austenite Grain Size, ASTM Number ; 7 


Fic. 4.—Relationship of the Prior Austenite Grain Size and the Room-Temperature Keyhole 
Charpy Impact Values for Various 12 per cent Chromium Steels Investigated. Each data point repre- 
sents the average of three test results for a specific composition and heat treatment. 


maximum hardness of 0.09 carbon— 
0.92 manganese heat (No. 27 in Fig. 
2(a)) was caused by the lower carbon 
content and the presence of a small 
amount of ferrite in the quenched 
structure (Table IV). 

As shown in Fig. 3(b), the hardness 
results for the heat with aluminum were 
higher than the hardness obtained in the 
comparable base composition. The ad- 
dition of vanadium and titanium resulted 
in a small decrease in the quenched 


dissolved carbides on the impact 
strength, additional keyhole Charpy 
impact specimens from several heats 
(Codes 25 to 31) were austenitized at 
1750 F and were subsequently tempered 
for comparison with the specimens 
austenitized at 1650 F. The results of 


the testing at both austenitizing temper- — 


atures are listed in Table IV. 

For comparison with data obtained in 
the first portion of this investigation, 
V-notch Charpy impact tests were made 
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(a) Prior austenite grain size No. 6 ASTM (b) Carbide precipitate within grains and a 
rating. (< 100). : discontinuous carbide grain boundary network. 
Electrolytic chromic acid etch (X 500). 


(c) Prior austenite grain size No. 4 ASTM (d) Same as specimen (5) except a continuous 
rating. Picric-HCl acid etch (X 100). carbide grain boundary network. Electrolytic 
sodium cyanide etch (X 500). 
Fic. 5.—Comparison of the Microstructure of a Quenched and Tempered 12 per cent Chromium 
Steel (No. 28) of the Base Composition. 
(a) and (6)—Oil quenched from 1650 F, drawn at 1050 F. 
(c) and (d)—Oil quenched from 1750 F, drawn at 1050 F. 


on specimens from heat Nos. 6, 10, 14, cause the separate effects of carbide 

and 18 heat treated to the same hardness_ distribution and grain size could not be 

level as the Charpy keyhole specimens. completely isolated. However, some 
The interpretation of the results listed generalization can be made. 

in Table IV was rendered difficult be- A decrease in grain size which was 
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a (a) Prior austenite grain size number finer (b) Carbide precipitate within grains and a 
.. than 8 ASTM rating. (X 100). discontinuous carbide grain boundary network. 
Electrolytic chromic acid etch (X 500). 


(c) Prior austenite grain size number finer 
than 8 ASTM rating. Picric-HCl acid etch (X 
100). cyanide etch (X 500). 
n Fic. 6.—Comparison of the Microstructure of a Quenched and Tempered 12 per cent Chromium 
Steel (No. 29) of the Base Composition Plus 2 lb Aluminum Per Ton. 
(a) and (6)—Oil quenched from 1650 F, drawn at 1050 F. 
(c) and (d)—Oil quenched from 1750 F, drawn at 1050 F. 


€ accomplished by a decrease in austen- of grain size is illustrated by Fig. 4, in 


e itizing temperature or by the addition of _ which grain size is plotted against impact 

e aluminum, vanadium, or titanium plus strength for all steels regardless of their _ 
aluminum always resulted inan improve- chemical composition or carbide dis- 

S ment in impact strength. This effect tribution. As will be noted, an average 
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(a) Prior austenite grain size finer than No. 8 
ASTM rating. (X 100). grains and a trace of carbide grain boundary 
network. (X 500). 


(c) Prior austenite grain size finer than No. 8 (d) Same as specimen (5) except more carbide 
ASTM rating. Picric-HC] acid etch (X 100). grain boundary network. Electrolytic chromic 
acid etch (X 500). 
Fic. 7.—Comparsion of the Microstructure of a Quenched and Tempered 12 per cent Chromium 
_ Steel (No. 30) Of the Base Composition Plus 0.07 per cent Vanadium. . : 
(a) and (6)—Oil quenched from 1650 F, drawn at 1050 F. : 
(c) and (d)—Oil quenched from 1750 F, drawn at 1050 F. 


decrease in grain size of one ASTM carbide network, produced keyhole 
number increased the average keyhole Charpy impact strengths greater than 
Charpy impact strength 6 ft-lb. For 30 ft-lb even when little or no ferrite 
each of the compositions studied, a grain was present in the quenched micro- 
size of No. 6 or finer, which was associ- structure. 

ated with a discontinuous grain boundary Metallographic studies revealed that 
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(a) Prior austenite grain size finer than No. 8 (b) Carbide precipitate around the delta fer- 


ASTM rating. (X 100) sss rite, within the grains and some carbide grain 
boundary network. (X 500). 


nic (c) Prior austenite grain size No. 6 ASTM (d) Carbide precipitate within the grains and 
rating. Picric-HCl acid etch (X 100). a discontinuous carbide grain boundary net- 
= work. Electrolytic chromic acid etch (X 500). 
Fic. 8.—Comparison of the Microstructure of a Quenched and Tempered 12 per cent Chromium 
Steel (No. 31) of the Base Composition 0.07 per cent Titanium and 0.04 per cent Aluminum. 
(a) and (6)—Oil quenched from 1650 F, drawn at 985 F. 
(c) and (d)—Oil quenched from 1750, drawn at 1000 F. 
an some ferrite was present in the 0.92 per __rite was eliminated from the structure of 
te cent manganese steel (Code 27), the the vanadium- and titanium-plus-alu- 
0- 0.07 per cent vanadium (Code 30), and minum-treated steels when austenitized 
the 0.07 per cent titanium (Code 31) at 1750 F but was still present in the 
at steels when austenitized at 1650 F. Fer- manganese steel. 


581 
i 
ary 
Me 
= 
. 
oll 


582 


The effect of carbide distribution was 
such that best impact strength was ob- 
tained when the carbides were dispersed 
randomly rather than along grain bound- 
aries. The addition of carbide or nitride 
formers such as vanadium, titanium, or 
aluminum resulted in the presence of 
undissolved carbides or nitrides after 
quenching. These undissolved phases 
acted as nuclei for the carbides that pre- 
cipitated at the tempering temperature. 


(a) Quenched ona structure con- 
taining delta ferrite, intergranular carbide pre- 
cipitate and a discontinuous grain boundary car 
bide network. 


WHITTENBERGER, ROSENOW, 


appeared to form preferentially as a 
ferrite-carbide aggregate around the 
ferrite areas before precipitating at the 
prior austenite grain boundaries. An 
illustration of the improvement in im- 
pact strength that can be obtained by 
controlling microstructure is given in 
Table V for a commercial heat No. 32, 
which displayed a wide variation in Izod 
impact properties. One bar (No. 14) 
from this heat had an impact value of 
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(6) Quenched and tempered structure without 
delta ferrite, with some intergranular carbide 
precipitate and a semi-continuous grain bound- 
ary carbide network. 


Fic. 9.—Photomicrographs of Impact Specimens from a Commercial 12 per cent Chromium Steel 
(No. 32) Representing Bar No. 6 With High (a) and Bar No. 14 With Low (6) IZOD Impact 
Values. Austenitized at 1650 F, oil quenched and tempered at 1130 F. Electrolytic chromic acid etch 


(X 500). 


The result of this process was that the 
tempered martensite showed a fine pre- 
cipitate of carbides and nitrides within 
the grains and less carbide precipitation 
at the prior austenite grain boundaries. 
The above description is illustrated by 
Figs. 5, 6, 7, and 8. 

The presence of delta or alpha ferrite 
in the as-quenched 12 per cent chromium 
steels also improved impact strength by 
acting as precipitation sites for the car- 
bides during tempering. The carbides 


37 ft-lb, whereas another bar (No. 6) had 
an impact strength of 79 ft-lb. These 
bars were found to have almost identical 
chemical composition (Table I). How- 
ever, microscopic examination of the 
impact specimens machined from the 
two bars revealed that the structure of 
the bar with low impact values was es- 
sentially tempered martensite with a 
complete grain boundary network of 
carbides or carbo-nitrides after temper- 
ing. The specimens representing the bar 
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(6) Bar No. 14 smaller amount of delta ferrite 
delta ferrite, within the grain and a discontin- _ than specimen (a), and more carbide grain bound- 
uous carbide grain boundary network. ary network. 


ese (c) Bar No. 6 delta ferrite and alpha ferrite- (d) Bar No. 14 carbides within the grains and 


carbide precipitate at the prior austenite grain adiscontinuous carbide grain boundary network. 


cal boundaries. Few grain boundary carbides. 
yw Fic. 10.—Structure of IZOD Impact Specimens Representing Bar No. 6. High Impact and Bar 
the No. 14 Low Impact Values. Commercial 12 - cent chromium steel (Code 33) after the following 
the heat treatment. Electrolytic chromic acid etch (X 500). 
(a) and (b)—Normalized at 2050 F., Austenitized 1650 F, oil quenched, tempered at 1050 F. 

of (c) and (d)—Oil quenched from 2050 F, reaustenitized 1550 F, oil quenched, tempered at 1050 F. 
es- 

e (No. 6) with high impact values con- When bar No. 14 with low impact 

of tained delta ferrite, with fewer carbides values was normalized 1 hr at 2050 F, 
er at the prior austenite grain boundaries austenitized 1 hr at 1650 F, oil-quenched 
bar (Fig. 9). and tempered at 1050 F to a Brinell 
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TABLE V.—EFFECT OF HEAT TREATMENT UPON THE MECHANICAL PROPER- 
TIES AND MICROSTRUCTURE OF SEVERAL BARS FROM A COMMERCIAL HEAT 
OF 12 PER-CENT-CHROMIUM STEEL. 


Tem- Brinell | Izod 
| Brinell | | Hard- Tensile | | Reduc Impact | Ferrite 
Code | Bar | Temper- emper-| ness Strength in2 yp Results,| Rating, 
No. | ature, after Oil | ature, | after | pel "| ve. |in., per om ft-lb per 
deg Fabr® | Quenching | | cent | cent cont 
No. 32....| 14 | 1650 bad 1130 | 241 |111 900° 82 420) 24.5 | 70.4 |(37)* | None 
223 ‘106 700 |73 430; 23.5 | 71.2 |(79) 6-7 
6 2050+; Air cool 
1650 | 294 1050 235 | ... 1(36) | 5-6 
14 | 2050 | Air cool 
|+1650 344 1050 235 | | [(28) | Trace 
6 | 311 
550 315 1050 235 ... |(80) 7-8 
14 327 | | 
1550 340 1050 | 235 (50) | Trace 
14 2200+ 
1550 321 1050 | 255 1 


@ Held 1 hr at temper rature. 
>» Tempered to 200 to 240 Brinell hardness. 
© Designates averages. 


(a) Prior austenite grain size No. 7.5 ASTM (6) Carbide precipitate around the delta fer- 
rating. Picric-HCl acid etch (X 100). rite, within grains and a discontinuous carbide 
grain boundary network. Electrolytic chromic 
acid etch (X 500). 
Fic. 11.—Photomicrographs of Impact Specimen From a Commercial 12 per cent Chromium 
Steel (Code 32) Representing Bar No. 14 After Oil Quenching From 2200 F, Reaustenitizing and Oil 
Quencaing from 1550 F + Tempered at 1050 F. 


hardness of 235, a small amount of delta ment was applied to bar No. 6, more 
ferrite and a fairly continuous intér- delta ferrite and discontinuous inter- 
granular carbide network formed (Fig. granular carbide network formed (Fig. 
10(6)) and the Izod impact value was 10(a)) and the Izod impact strength of 
lowered to 28 ft-lb. When the same treat- the bar was lowered to 36 ft-lb. A similar 
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treatment but with the austenitizing 
temperature lowered to 1550 F to form 
some alpha ferrite raised the Izod impact 
strength to 80 ft-lb for bar No. 6, which 
contained 7 to 8 per cent of delta and 
alpha ferrite (Fig. 10(c)) and to 50 ft-lb 
for bar No. 14, which contained little or 
no ferrite and a discontinuous inter- 
granular carbide network (Fig. 10(d)). 

The bar (No. 14) which had low impact 
values and only a trace of delta ferrite 
was heated to 2200 F for 1 hr to form a 
small amount of delta ferrite, then 
austenitized at 1550 F for 1 hr, pre- 
cipitating a small amount of alpha fer- 
rite, and oil quenched. This bar was 
tempered at 1050 F to a Brinell hardness 
of 255 (Table V). The Izod impact 
strength was increased to 60 ft-lb by 
this treatment. Photomicrographs of 
this bar (No. 14) after tempering (Fig. 
11) revealed a fine austenite grain size 
and a more uniform distribution of 
carbides with fewer grain boundary 
carbides. 

This example clearly illustrates that a 
microstructure having a fine austenitic 
grain size together with a random 
distribution of carbides results in the 
optimum impact properties. The selec- 
tion of an austenitizing temperature 
that results in only a portion of the 
carbides being dissolved or that results 
in the presence of as-quenched ferrite 
will produce this desirable microstruc- 
ture. Of the two alternatives for improv- 
ing impact strength, the use of undis- 
solved carbides or nitrides appears to be 
more desirable than the use of delta or 
alpha ferrite because of the detrimental 
effect of ferrite on hot workability and 
fatigue strength. Since austenite grain 
size and carbide distribution were closely 
related, it was not possible to isolate 
completely the effects of each on impact 
strength. 

The structure obtained by controlling 
the carbide distribution for improved 
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impact strength should also improve the 
corrosion resistance by decreasing the 
amount of intergranular carbides. This 
influence of carbide distribution upon 
the corrosion resistance of these steels 
will be determined in a later program. 


SUMMARY 


The investigation just described has 
provided the following conclusions. 


Effect of Chemical Composition on Im- 
pact Strength: 


1. Increasing the carbon content from 
0.06 to 0.19 per cent improved the V- 
notch Charpy impact strength of the 
12-per-cent chromium steels. Carbon 
contents of 0.12 to 0.19 per cent provided 
impact properties more desirable for 
many severe commercial applications. 

2. Additions of small amounts of 
nitride- and carbide-forming elements 
such as aluminum, vanadium, and 
titanium-plus-aluminum improved the 
impact strength of 12-per-cent chro- 
mium steels tested. 

3. Increasing amounts of manganese, 
nickel, and nitrogen did not appear to 
improve significantly the impact strength 
of AISI Types 403 and 410 stainless 
steel. 


Effect of Microstructure on 
Strength: 


Impact 


1. Within the limits of the composi- 
tions and austenitizing temperatures 
investigated, improved impact strength 
for 12-per-cent chromium steel was 
found to be associated with an austen- 
itizing temperature of 1650 F which 
produced a prior austenite grain size finer 
than ASTM grain size No. 6 and ran- 
dom carbide distribution after quench- 
ing and tempering. It was not possible to 
separate completely the effects of carbide 
or carbo-nitride distribution from grain 
size since they were both related to 
composition and heat treatment. 
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2. An average decrease in austenite 
grain size of one ASTM number increased 
the keyhole Charpy impact strength 
6 ft-lb. 

3. A grain size of No. 6 or smaller 
associated with a discontinuous carbide 
grain-boundary network after temper- 
ing produced a keyhole Charpy impact 
strength greater than 30 ft-lb at room 
temperature. 

The grain size and the carbide or 
nitride distribution pattern was varied 
in the present study by the following pro- 
cedures: (a) The addition of small 
amounts of vanadium and titanium to 
form undissolved carbides or carbo- 
nitrides at the austenitizing tempera- 
tures, (6) The addition of small amounts 
of aluminum which refined the austenite 
grain size and formed what appeared to 
be randomly distributed undissolved 
aluminum nitrides at austenitizing tem- 


DISCUSSION 


Mr. E. T. Wesset'—In general, the 
effect of increasing carbon in a given 
steel is to raise the transition tempera- 
ture, thereby imparting poorer impact 
properties to the material. However, 
the authors conclude that, for the 12 per 
cent chromium steels investigated, in- 
creasing carbon in the range of 0.06 to 
0.19 per cent improves impact properties 
and provides a superior material for 
severe commercial applications. On the 
basis of the data presented in this in- 
vestigation, it is difficult to appreciate 
how such a broad general conclusion 
can be justified. In the first place, the 
only series of heats to show an appreci- 
able rise of energy absorption, (at three 


1 Research Engineer, Metallurgy Dept. W st- 
inghouse Electric Corp., Pittsburgh, Pa. | 


peratures up to 1750 F, (c) Formation of 
delta or alpha ferrite at the austenitizing 
temperatures which acted as nucleation 
sites for the carbide or a ferrite-carbide 
aggregate to precipitate preferentially 
during tempering at ferrite grain bound- 
aries before precipitating at the prior 
austenite grain boundaries, and (d) The 
retention of undissolved chromium 
carbides at the quenching temperature 
and refinement of the austenite grain 
size by the use of low austenitizing 
temperatures. 
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given test temperatures), as a function 
of increasing carbon content is the first 
group (codes 1 to 4) of Fig. 1 and Table 
II. However, in this series both nitrogen 
content and grain size decrease as carbon 
increases. This decrease in grain size 
and nitrogen content would also tend to 
produce more favorable impact proper- 
ties. Is it not possible that these two 
factors are exerting the predominate 
controlling influence on properties, while 
carbon has little or no beneficial effect? 
In considering the data of Table III, it 
appears that increasing carbon from 
0.12 to 0.19 per cent actually causes a 
slight lowering of the energy absorption 
levels as illustrated for the various types 
of impact tests conducted at 80 F. 

Even though increasing carbon is 
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responsible for the reported rise in energy 
absorption levels at the given tempera- 
tures, it is still a precarious conclusion to 
assume that the impact properties in 
general have been improved. It is felt 
that determinations of the entire transi- 
tion curves (energy absorption versus 
temperature) would be necessary to 
provide sufficient information for the 
formulation of this type of conclusion. 
Observations and subsequent correla- 
tions of fracture appearance with the 
energy absorption curves would also be 
very beneficial and enlightening. Con- 
sidering the limited amount of data and 
the limited temperature range investi- 
gated, is it not possible that while the 
energy absorption levels at the given 
temperatures may be raised by increasing 
carbon content, the actual transition 
temperature has been shifted to higher 
temperature levels? Naturally the answer 
to this question is somewhat dependent 
upon which particular criterion is used 
to define the transition temperature. 
This latter aspect itself is the subject of 
considerable debate. 

One further aspect is concerned with 
the general level of the impact test tem- 
peratures used in this investigation. 
When plotting the energy absorption 
data of Table II as a function of test 
temperature, it appears that the authors 
have been working at the lower end of 
the transition curves, (temperature range 
of —40 to 120 F). This indicates that the 
entire transition temperature curve oc- 
curs at an unusually high temperature 
level for a quenched-and-tempered mate- 
rial. A grain boundary type of fracture 
may account for this departure from a 
more normal behavior. 

Mr. E. J. WHITTENBERGER (author).— 
Because 26-lb laboratory induction fur- 
nace heats were used for the majority of 
the experiments, insufficient samples 
were available for a thorough evaluation 
of the influence of composition upon 
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impact transition behavior. It should be 
noted, however, that in the first bar 
graph the data for 0 F were beneficially 
influenced by the higher carbon contents, 
as were the data obtained at room tem- 
perature. 

Examination of the 80 F impact data 
in Table II and Fig. 1 shows a trend 
toward higher values at higher carbon 
contents in all series. To be sure this 
trend is not large in several! of the series, 
but it is always present, regardless of in- 
creases or decreases in grain size or nitro- 
gen content. Actually, the variation in 
nitrogen content was minor and the re- 
finement in grain size may have been 
associated with the increases in carbon 
content. 

Mr. Frank L. Carr.2—The authors 
are to be congratulated for their extensive 
work to show the effects of the many 
variables on the impact properties of 
these steels. 

As a previous speaker has explained, 
it is uncertain whether or not the differ- 
ence in impact values are due to a shift 
in the transition curves. In a recent in- 
vestigation’ sponsored by Vacuum Met- 
als Corp., on Iron-Chromium Alloys 
containing from 0 to 47 per cent chro- 
mium and various amounts of nitrogen, 
oxygen, and carbon, it was found that 
the carbon and nitrogen had a profound 
effect upon the transition temperature. 
Residual oxygen had no measurable 
effect upon the transition temperature 
but did have a pronounced effect upon 
both the hardness and the impact energy 
level above the transition zone. Although 
Vacuum Metals Corp. dealt with pure 
binary alloys rather than steels with thin 
normal complements of silicon, manga- 
nese, etc., it appears that complete charpy 


2 Engineer, National Research Corp., Cam- 
bridge, Mass. . 

J. Ham and F. L. Carr, “Impact Properties 
of Vacuum Melted Iron-Chromium Alloys,” 
Vacuum Metallurgy Electrochemical Soc. 
(1954). 
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transition curves would have provided 
the authors with more definite and de- 
tailed information. 

Mr. WHITTENBERGER.—Oxygen anal- 
yses were not obtained, and all of the 
material available from the small labora- 
tory heats has been used in performing 
this limited work. 

Mr. Ropert G. MAtters.*—The au- 
thors have presented an interesting paper 
on the effect of analysis and structural 
variations on the impact properties of 
12 per cent chromium steels. These steels 
have been of very considerable interest to 
us and other people for steam turbine 
blading applications. 

Unfortunately, it is difficult to com- 
pare the authors’ results with our usual 
acceptance tests on blading materials, 
since the standard acceptance test is 
based upon Izod impact values, rather 
than Charpy values. The modifications 
which increase impact strength in the 
Charpy test should also improve the 

Izod impact levels. 
However, one problem of primary 
concern is the effect of increased carbon 
content on the corrosion resistance of 
these materials. It seems obvious that a 
substantial increase in carbon content, 
AISI, type 420, causes a reduction in 
corrosion resistance at moderate hardness 
levels compared to the corrosion resist- 
ance of type 403. For blading application 
corrosion resistance is quite important. 

Mr. WHITTENBERGER.—No data on 
the influence of composition on corrosion 
resistance were obtained in the present 
work. However, the structure obtained 
by controlling the carbide distribution— 
that is, to provide a random carbide dis- 
tribution rather than an intergranular 
network—should, in addition to enhanc- 
ing impact strength, improve corrosion 
resistance. 


Mr. SAMUEL J. ROSENBERG.5—I can 

Assistant-Director of Research, Allis- 
Chalmers Mfg. Co., Milwaukee, Wis. 

5 Metallurgist, National Bureau of Standards, 
_ Washington, D.C. 


not quite go along with the conclusion 
of the authors as to the effect of carbon 
content upon the impact properties of 
these steels. It appears to me from the 
data shown in the paper that this is a 
rather doubtful conclusion. There are so 
many exceptions to this generalized 
statement that it should be taken with a 
grain of salt. 

Of particular interest was the tre- 
mendous—and I mean tremendous—var- 
iation that was obtained in the impact 
properties of the steels. The steels are 
separated by only a few hundredths of a 
per cent of carbon. In one case the steel 
with the highest carbon—around 0.19 
per cent—had an impact strength of 
about 70 ft-lb, as compared with the next 
lower carbon content, which had about 
35 ft-lb. In the 3 per cent nickel steels 
this trend was just reversed, and this 
seems to call for a little more study. 

There was something else in the paper 
which was very interesting. The authors 
give, in tabular form, the effect of de- 
creasing temperature upon the properties 
of certain of these steels. Some of these 
tests were duplicated both by keyhole 
Charpy and V-notch Charpy, and it is 
very interesting to note that where the 
values are relatively high, say, around 35 
or 40 ft-lb, the impact values ran pretty 
close together, but as the impact resist- 
ance dropped just a little, the keyhole 
Charpy values were down just a few foot- 
pounds, but the V-notch Charpy values 
dropped abruptly, which would indicate 
that the V-notch Charpy is a much more 
sensitive criterion of brittle fracture than 
is the keyhole Charpy test. 

Mr. WHITTENBERGER.—It is true that 
the effect of carbon in the 12 per cent 
chromium series was more marked than 
in any of the other series, and in particu- 
lar in the 1 per cent nickel steels the effect 
of carbon was very much reduced. We 
have no explanation for this behavior. 
Possibly, both nickel and manganese ad- 
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ditions in some manner masked the effect 
of the carbon. 

Since this paper was written we have 
made some commercial heats approach- 
ing 0.15 per cent maximum carbon con- 
tent with quite satisfactory impact re- 
sults. These data were presented verbally 
to some of the fabricators of these steels. 
More time will be required to obtain a 
full evaluation of the merits of the higher 
carbon contents. With respect to the 
difference in the V-notch and keyhole 
Charpy behavior, this, of course, is a 
very comprehensive and debatable sub- 
ject, and as suppliers of these steels, we 
must deal with both the Charpy tests 
and the Izod test, depending upon the 
ultimate customer’s specification. In this 
paper we have determined in some in- 
stances all three types of impact results, 
and in others, just one or two of the 
Charpy results. However, the data in 
general are much too sparse to draw any 
extensive conclusions regarding the cor- 
relation between, for instance, the key- 
hole Charpy and V-notch Charpy values. 

Mr. Leo Scuaprro.*—In the case of 
Fig. 11(6) of the paper, in which the fer- 
rite band was shown and compared with 
a good carbide distribution produced by 
any one of several carbide formers, the 
comment was made that the free ferrite, 
or the banded ferrite, contributed to a 
higher impact value, but that the uni- 
form carbide distribution gave an even 
better impact value. 

As users of this or other materials, we 
often find it necessary to take cognizance 
of transverse properties of the materials 
since loads cannot always be designed to 
go longitudinally. The word “longitu- 
dinally” was never mentioned, but I 
assume that all the data mentioned had 
to do with longitudinal properties. 

The transverse properties with the 
banded ferrite would be lower than the 
one that contained uniform carbides. If 


® Chief Metallurgist, Douglas Aircraft Co., 
Inc., Materials Lab., Santa Monica, Calif. 
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the author agrees with this, this is a note 
of caution for anybody who may think 
that banded ferrite might be good for. 
impact properties all the time. 

Mr. WHITTENBERGER.—We certainly 
concur with Mr. Schapiro. Actually, the 
last figure was merely used to demon- 
strate the advantages of the presence of 
ferrite in increasing the longitudinal im- 
pact values. However, the general sense 
of the paper is that since ferrite is un- 
desirable for other reasons, the achieve- 
ment of a reasonably fine austenite grain 
size through the use of the lowest possible 
austenitizing temperatures together with 
a random distribution of the carbides 
which precipitate on tempering appears 
to be the most desirable structure for 
achieving optimum impact properties. 

Mr. W. F. Brown, Jr.’—In 1942, G. 
Bandel published a paper* in which he 
stated that phosphorus appeared, in part, 
responsible for the 900 F embrittlement 
of chromium irons. Would the author 
wish to make any comment on this 
study? 

Mr. WHITTENBERGER.—Bandel’s re- 
sults concerning the effect of phosphorus 
on the 900 F embrittlement of the chro- 
mium iron are based on very meager 
data. In fact, his phosphorus effect is 
eliminated by a change in heat treat- 
ment. Moreover, results of recent studies 
of the 900 F embrittlement of the chro- 
mium irons indicate that the embrittling 
phase is a chromium-iron compound and 
the effect of other elements such as 
phosphorus is minor. 

Messrs. JODEAN Morrow Anp G. M. 
SINCLAIR® (presented in written form).— 
The authors mention the detrimental 
effect of ferrite on fatigue properties of 


7Head, Strength of Materials Section, 
NACA-Lewis Laboratory, Cleveland, Ohio. 

8 G. Bandel and W. Tofaute, ‘“‘The Brittleness 
of High Chrome Steels in the Temperature Range 
of 500 C.,” Arch. fur den Eisenhiltten, Vol. 15 
Jan., 1942, p. 307. 

9 Research Associate and Research Associate 
Professor of Theoretical and Applied Mechanics, 
University of Illinois, Urbana, III. 
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12 per cent chromium steels. Tests being 
conducted at the University of Illinois 
.on a modified 403 stainless steel show 
that there is such detrimental effect on 
fatigue limit for this material when the 
hardness is above 20 Rockwell C, but 
that at a hardness of 20, the fatigue 
limit agrees very well with that of other 
ferrous materials. 

The chemical composition of the ma- 
terial is 0.28-carbon, 1.15-manganese, 
0.016-phosphorus, 0.011-sulfur, 0.48-sil- 
icon, 0.12-nickel, 11.12-chromium, 2.84- 
molybdenum, and 0.29-vanadium. The 
material was austenitized at 2000 F, 
marquenched into a 650 to 675 F salt 
bath, and then tempered at various tem- 
peratures between 1510 F and 1150 F to 
obtain hardnesses ranging between 20 
and 40 Rockwell C. In all, nine S-V 
curves were obtained over this hardness 
range. It was found that the fatigue 
limit for the low hardness material was 
in agreement with expected values for 
ferrous materials of that hardness!®, but 


1M. F. Garwood, H. H. Zurburg, and M. A. 
Erickson, ‘‘Correlation of Laboratory Tests and 
Service Performance,’’ Interpretations of Tests 
and Correlation with Service, Am. Soc. for Me- 
tals (1950). 
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at hardnesses above 28 Rockwell C, the 
fatigue limit was consistently about 
15,000 psi lower than expected. Large 
pools of the microconstituent referred to 
by the authors as delta ferrite were pres- 
ent as shown in the accompanying photo- 
micrographs Fig. 12 (note similarity to 
authors’ Figs. 9, 10, 11), yet these pools 
seem to affect the fatigue strength of 
only the high hardness material. Tenta- 
tively, it appears that the strength of the 
pools and the matrix are approximately 
the same at low hardnesses while at high 
hardnesses, the soft pools act as metal- 
lurgical notches and govern to some ex- 
tent the fatigue limit. 

Mr. WHITTENBERGER.—The detri- 
mental effect of ferrite on the fatigue 
strength of the 12 per cent chromium 
steels has been observed in previous 
United States Steel Corp. studies. These 
observations prompted the present in- 
vestigation which was aimed at develop- 
ment of a steel which would have good 
impact properties without having to re- 
sort to a heat treatment or a composition 
modification that would create ferrite. 
The authors are indebted to Messers 
Morrow and Sinclair for their data illus- 
trating the necessity for avoiding ferrite. 
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AN EMPIRICAL RELATIONSHIP BETWEEN RUPTURE LIFE ‘ik 


MINIMUM CREEP RATE IN CREEP-RUPTURE TESTS* 


By Forest C. MonkMaAn! 


SYNOPSIS 


An empirical relationship has been found to exist between rupture life and 


AND NICHOLAS J. GRANT? 


minimum (secondary) creep rate for a large number of alloys. This relation- 


ship should enable one to estimate the rupture life once the minimum creep 
rate has been determined for a particular creep-rupture test. The effects of 


such variables as testing stress, temperature, composition, and total ductility 


were investigated for their effects on the empirical relationship. 


Practical considerations usually pro- 
hibit thorough long-time testing of mate- 
rials to be utilized in high-temperature 
installations designed for as long as ten 
or twenty years or more. Therefore, 
there is considerable interest in estimat- 
ing long-term lives from tests of rela- 
tively limited duration, or from tests 
which can be shortened significantly. 
While a number of theories of creep and 
methods of extrapolating short-time 
data based on these theories have been 
proposed, none has yet been proven 
wholly satisfactory. Actually, insuff- 
cient testing has been done to effectively 
check existing extrapolative methods. 

The “rate-process theory” was first 
proposed by Eyring (1)* and was first 

* Presented at the Fifty-ninth Annual Meeting 
of the Society, June 17-22, 1956. 

1Formerly DIC Staff Member, Dept. of 
Metallurgy, Mass. Inst. of Technology, Cam- 
bridge, Mass. Now Director of Research, Wal- 
worth Co., Boston, Mass. 

2 Associate Professor of Metallurgy, Mass. 
Inst. of Technology, Cambridge, Mass. 

3 The boldface numbers in parentheses refer 


to the list of references seme to this paper, 
see p. 604. 


applied to the plastic deformation of 
metals by Kauzmann (2) and Dushman, 
et al. (3). Subsequently, several methods 
of extrapolation have been proposed, 
based on this theory. By assuming that 
the free-energy barrier in this theory 
was inversely proportional to the rupture 
life, Machlin and Nowick (4) derived an 
equation for rupture life and for creep. 
Their assumption would require that the 
rupture life was inversely proportional 
to the creep rate, which was found to be 
the case for 2S-O, 3S-O, and pure 
aluminum by Servi and Grant (5). 

Larson and Miller (6) derived an 
equation relating testing temperature 
and rupture life on the basis of the 
“rate process theory.” The applicability 
and some theoretical limitations of their 
method have been discussed elsewhere 
(7, 8). 

Manson and Haferd (9) and Manson 
and Brown (10) derived a temperature- 
rupture life relationship which was a 
modification to that of Larson and 
Miller on the basis of experimental data 


= 
rge 
i 
to 
es- 
to- 
to 
ols 
of 
ta- 
rhe 
igh 
al- 
‘ 
od 
re- 
ion 
te. 
ers 
us- 
ite. 
= 
Ac 
593 


594 


rather than on physical theory. Grant 
and Bucklin (11) proposed a graphical 
method for extrapolating and _inter- 
polating short-time creep rupture data. 
At the present time, some long-time- 
rupture tests in excess of 20,000 and up 
to 60,000 hr are in progress on alloy 
$590 which will give a better evaluation 


data were collected from a number of 
different sources (11 to 28). Rupture life 
values varied from less than an hour to 
greater than a year (up to about 20,000 
hr). For the majority of tests, the creep 
rate was determined by using a dial 
gage which could be read to 0.0002 in., 
the gage being attached to the specimen 


~MOoNKMAN AND GRANT 


of the Grant-Bucklin extrapolation holders. A significant portion of the 
TABLE I.—COMPOSITION OF ALLOYS. 
Copper, Iron, Silicon, Zinc, M {Al 
Aluminum | per cent | per | oor aunt gu per at 
nil nil nil nil ionil nil 99.995 
0.1 0.5 0.1 0.01 | 0.01 balance 
Aluminum-Magnesium.. nil nil nil : nil up to 5.1 | balance 
Aluminum-Copper. ....| up to 2.1 nil nil nil nil balance 
Aluminum-Zine. ...... nil nil nil up to 20 | nil balance 
! 
Titanium | Hydrogen, | Nitrogen, Oxygen, Carbon, Tron, | Titanium, | Others, 
percent | percent | percent | percent | percent | percent | per cent 
0.02 0.15 | 0.25 0.20 | 0.25 99.0 | 0.25 
0.011 0.006 0.018 0.037 0.013 | 99.9 
Chromium, | Nickel, Manga- | Silicon, Carbon, “Moly bde- Vanadi 
Stainless Steels | per cent | per cent r per ae per cont | per cent | per “eo per cont 
| up to 13 | ja up to 0.2 | up to 2| up to 1 
up to 20 up to 20 | 0.5 | upto0.2 
Nickel, | Chto- | Alu- | Tita- | Cobalt,| Iron, |Carbon,| Molyb- | Colum-) Tungs- 
Nickel and Cobale Base | percent nium. oer cen per cent [per cen] ium, | ten 
balance 19 1.0 2.5 10 2.0 0.16; 9.8 
Nimonic 80........ balance | 20 1 2 0.5 0.05 
Nimonic 90........ balance| 19 1.5 | 2.5 
20 20 20 | balance} 0.5 + 4 4 
balance 16 3 2.5 30 + 0.10 | 2.4 


method, and also of the other proposed 
methods. 

In the meantime, other data and 
methods which might further improve 
extrapolation confidence or point up 
important physical relationships among 
the test variables are always welcome 
and worth close scrutiny. The research 
described below is one such effort. 


EXPERIMENTAL PROCEDURE 
_ Rupture life and minimum creep-rate 


data was obtained from investigations 
in which extensometers were attached 
directly on the gage length of the speci- 
men. A few sets of data were from accu- 
rate creep measurements. Care was taken 
to ensure that all data were obtained on 
equipment meeting the ASTM Recom- 
mended Practice 22F* for creep-rupture 

_ or creep testing. 

. * Recommended Practice for Conducting 
Long-Time High-Temperature Tension Tests of 


Metallic Materials E 22-41), 1955 Book of 
ASTM Standards, Part 1, p. 1612. 
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Fic. 1.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Aluminum Alloys. __ 
The numbers -in parentheses in these figures refer to the list of references appended to this 


paper, see p. 604. 
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Fic. 2.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Monel. 
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Fic. 3.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Titanium. © 
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Fic. 4.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Ferritic Steels. 
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Fic. 5.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Austenitic Stainless Steels. a 
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Fic. 6.—Log-Log Plot of Rupture Life versus Minimum Creep rate for M252. 
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Fic. 7.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Nimonic 80 and 90. 
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Fic. 8.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Inco 700. 
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Fic. 9.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for $816. 
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Fic. 10.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for S590. 
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From these data the value of rupture 
life was plotted against minimum creep 
rate on log-log paper. The resulting plot 
for each alloy was carefully analyzed for 
the effects of testing temperature, final 
ductility, and composition; in addition, 
other variables, physical and structural, 
were examined in less detail, 8 


Test RESULTS 


The compositions of the various 
alloys are listed in Table I. 

The log rupture life versus log mini- 
mum creep rate plots for the various 
alloy systems are presented in Figs. 1 
to 10. Because of the large number of 
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By analogy to a linear equation of the 
first order, the constant m corresponds 
to the slope of the curve and ¢ to its 
intercept. These constants, the range of 
testing temperatures, the number of 
tests per alloy group, and the type of 
alloy system or systems, and the width 
of the error band in terms of the rupture 
life are summarized in Table II. 

The error bands in Table II are 
reasonable for large groupings of stress- 
rupture data since the reproducibility 
of rupture life data alone has been re- 
ported to have an error band between 
+0.27 and +0.46 cycles of rupture 


TABLE II.—SUMMARY OF TEST VALUES AND EQUATION CONSTANTS. 


Temperature 


Error Band, 


a Number Slope, les 
ife 
Aluminum pure, 28, 3S, (12); and Mae- | | 
nesium, Copper, Zinc solid solutions of| | 
700 to 1700 60 0.92 0.80 +0.50 
Titanium 75A (16): Iodide (17)... .... | 700 to 2000 | 100 0.87 1.0 +0.55 
Ferritic Steels (18,19,20)............... 800 to 1300 350 0.85 0.56 | +0.55 
Austenitic Steels (21,22,23,24)........... 1000 to 1500 | 1000 0.93 0.89 | +0.50 
1500 250 0.89 0.70 +0.55 
Nimonic 80 and 90 (25,26,27).......... 1300 to 1500 150 0.77 |= 0.48 +0.50 
1200 to 1800 75 0.80 | 0.56 +0.55 
1200 to 1900 40 , 0.88 0.96 


| 20.50 


test values, the individual points have 
been omitted and only an average curve 
has been presented; however, a résumé 
of all the data per curve is listed in 
Table II. The dotted lines in these plots 
represent the 2¢ limits or a band con- 
sisting of 95 per cent of the points. In 
every case a curve could be selected 
which was linear within experimental 
error and could be represented by an 
equation of the following form: 


log t- + m log (mcr) = ¢........(1) 


where: 


t, = the rupture life, 
mcr = the minimum creep rate, and 
= constants. 


® The boldface numbers in parentheses refer to the list of references appended to this paper, see p. 604. 


time (29, 30). In addition, some error is 
introduced into the minimum creep 
rate data from experimental procedure 
and the relatively poor precision of 
measurement and definition. 

A slight trend was observed in the 
data when the individual points were 
coded with respect to ductility at frac- 
ture. For a given creep rate, the speci- 
mens showing higher ductility exhibited 
higher rupture life, that is, such points 
tended to be near the upper 2c limit 
boundary. 

Equation 1, it will be noted, is inde- 
pendent of the temperature in the range 
where the creep rupture tests were made. 
In some cases, a trend was noted in the 
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“data when the individual points were 
coded with respect to the testing tem- 
peratures. However, careful examination 
revealed that this effect was caused by a 
change in ductility with testing tem- 
peratures, so that actually the relation- 
ship may be regarded to be independent 
of testing temperature. 
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tion in the constants of the empirical 
relationship was found among the differ- 
ent alloy groups. Comparison of the 
curves obtained for the ferritic and 
austenitic stainless steels provides one 
possible explanation for such differences. 
These two alloy systems have approxi- 
mately the same range of ductility 


\ « 4 
10000}— 
+ 1000}- 
Austenitic 
= \ « 
6100 
Ferritic 
Stainless 
= Te) 
0010 | | | 
1074 1073 107-2 Tom 10° 10! 107 


Minimum Creep Rate, percent per hr —» 


Fic. 11.—Log-Log Plot of Rupture Life versus Minimum Creep Rate for Austenitic Stainless 


and Ferritic Steels. 


As seen in Table II, a fairly large 
chemical variation in a particular alloy 
group could be adequately represented 
by a single curve even though in the 
aluminum alloy grouping, for example, 
the composition varied from 99.995 per 
cent aluminum to commercial 3S (5). 

Other variables such as aging or heat 
treatments, oxidation, or recrystalliza- 
tion were not observed to affect the 
empirical relationship within the limits 
of the data. Also, the relationship was 
found to be independent of testing stress. 

On the other hand, a significant varia- 


values at fracture but differ mainly in 
crystal structure. Both sets of curves 
are shown in Fig. 11. For a given creep 
rate it can be seen in this figure that the 
austenitic steels have a greater rupture 
life than do the ferritic steels. The 
greater strength of the austenitic type 
alloys has been reported (20) previously 
and is attributed to the difference in 
crystal structure. 

The existence of such a relationship 
as in Eq. 1 between rupture life and 
minimum creep rate leads to some in- 
teresting speculations concerning some 
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TABLE III.—SUMMARY OF THE 
CONSTANT IN EQ. 2. 


Constant in Eq 2 ata 

i Minimum Creep Rate of 
Alloy System 
per 10? per 
cent per hr | cent per hr 

15 38 
Ferritic Steels........... 2.6 6.2 
Austenitic Stainless Steels} $8.0 14 
Nimonic 80-90.......... |; 1.8 8.0 
2.2 9.0° 
6.2 17 


* By extrapolation. 
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which is as yet not clearly understood. 
The values of this constant are listed in 
Table III for minimum creep rates of 
0.1 per cent per hr, which corresponds 
to a rupture life of about 20 to 150 hr 
and for 100 per cent per hr, which 
corresponds to a rupture life of about 
0.1 hr. The deformation and fracture 
characteristics of specimens tested at 
these two minimum creep rates generally 
were found to be different. The higher 
creep rate, 100 per cent per hr, was asso- 
ciated with considerable grain deforma- 
tion and transcrystalline type fracture, 
and the lower creep rate, 0.1 per cent 
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Fic. 12.—Schematic Creep-Rupture Curves. 


aspects of the creep process. For a slope 
m of unity, the empirical relationship can 
be rewritterm in the form: 


te X mer = constant......... (2) 


From Table II it is noted that the 
slope m was not found to vary appre- 
ciably from 1, and therefore Eq 2 is 
approximately correct for the various 
alloys. 

F Dimensionally the constant in this 


equation is some measure of elongation 


7 a 


per hr, was associated with less deforma- 
tion and an intercrystalline type frac- 
ture. Correspondingly, the values of this 
elongation constant in Table III are 
seen to be greater for the higher mini- 
mum creep rate, and are reasonably 
accurate measurements cf the ductilities 
at fracture for these maicrials in creep- 
rupture tests. 

Nevertheless, one is puzzled, as yet, 
regarding what this elongation constant 
signifies. In the case where there is 
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limited ductility, such as in the cast 
high-carbon cobalt-base alloys, a creep 
curve is often observed of the type A 
graphically presented in Fig. 12. Most 
of the rupture time is occupied by 
second stage creep and therefore the 
product of rupture time and minimum 
creep rate is an approximate measure 
of the elongation taking place in second 
stage creep. In this instance, then, the 
constant in Eq 2 is an approximate 
measure of second stage elongation. 

On the other hand, ductile materials 
often show a creep curve of type B, in 
which the minimum creep rate is meas- 
ured over a relatively short period of 
time compared to the rupture time. It is 
also evident that the ratio of second 
stage elongation to total elongation is 
quite different for these two types of 
creep curves (other shapes are not con- 
sidered for the sake of simplicity). 

In spite of these differences, Eq 2 
appears to be suitable for a wide range 
of metals and alloys. It would seem, 
however, that the elongation values 
calculated in Table III represent con- 
siderably more deformation than can 
be accounted for by either first or second 
stage creep. Probably these values are 
more nearly equivalent to first plus 
second stage creep, but certainly less 
than total elongation. 

In addition to these speculations is the 
possibility that the empirical relation- 
ship expressed by Eq 1 will permit some 
short cuts in long-time creep and creep 
rupture testing and will permit an 
evaluation of individual test results 
serving as a guide post rather than as 
an extrapolation method. 

1. By running a number of complete 
rupture tests, the empirical relationship 
can be established, permitting an esti- 
mate of the rupture life for a selected or 
desired minimum creep rate and vice 
versa. 

2. In long-time tests, once a minimum 
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creep rate has been determined, the 
rupture life may be estimated from such 
an empirical relationship which might 
permit one to forego the necessity of 
running the test to failure. This is of 
considerable importance because mate- 
rials usually run for a long time after 
reaching the inflection point in the 
second stage of creep. 

3. This empirical relationship enables 
one to assess the reliability of an in- 
dividual creep-rupture test as the mini- 
mum creep-rate, and rupture life values 
should fit within a specified scatter band 
of other tests on the same material to be 


statistically reliable. 


1. An empirical relationship has been 
found to exist between rupture life and 
minimum creep rate having the form: 


CONCLUSIONS 


log t- + m log (mcr) = ¢ 


Such an equation has been determined 
for a wide range of alloys based on 
aluminum, iron, nickel, titanium, cobalt, 
and copper. 

2. Within experimental error, this 
equation has been found to be inde- 
pendent of testing temperature, stress 
and chemical variations for a particular 
alloy system at elevated temperatures. 
Other factors such as heat treatment, 
recrystallization, hardness, etc., do not 
appear to affect this relationship sig- 
nificantly. The variation in the slope m 
is very small from one alloy system to 
another. 

3. The ductility at fracture and the 
specific alloy system appear to affect 
this relationship. A considerable varia- 
tion in the intercept c was observed from 
one alloy system to another. 

4. The existence of such a relationship 
for such a wide variety of materials 
leads to some interesting speculations — 
concerning some aspects of the creep — 
process and points up the need to in- 
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604 MONKMAN 
vestigate the contributions of the various 
stages of creep to the total amount of 
deformation in a creep test. 

5. This minimum creep rate - rupture 
life relationship offers promise in esti- 
mating long-time creep-rupture data 
from short-time data and in serving as 
a check on the reliability of individual 
creep-rupture data. The relationship is 
not intended for extrapolative purposes. 
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DISCUSSION 


Mr. THoMas L. ROBERTSHAW! (pre- 
sented in written form)—The authors 
are to be congratulated on their discov- 
ery of this useful relationship. On one 
occasion in the research at Universal- 
Cyclops Steel Corp. it proved an excel- 
lent tool for forecasting rupture life. 

This should be an encouragement for 
the authors in the refinement of their 
relationship. I have two suggestions for 
their comment, which are based on a 
rather meager knowledge of statistical 
methods. 

1. I believe that mathematical means 
are available for determining the confi- 
dence intervals for the slope of the least 
squares relationship. It would be inter- 
esting to see if these values for slope are 
significantly different, from a statistical 
viewpoint, from metal to metal. 

2. Mathematical means are also avail- 
able, I believe, for checking the signifi- 
cance of the variance or “error band” 
differences between the various mate- 
rials. It appears from the discussion of 
" 1 Universal-Cyclops Steel Corp., Bridgeville, 

a. 
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cussion, see p. 620. 
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Laboratory, Dept. of Metallurgy, Mass. 
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Transactions, Am. Soc. Metals, Vol. 46, 
p. 63 (1954). 

(30) L. S. Richardson, Sc. D. Thesis research 
unpublished, Dept. of Metallurgy, Mass. 
Inst. of Technology (1956). 


Table II that much of this scatter can 
be interpreted as a difficulty in reproduc- 
ing test results. However, if most ma- 
terials exhibit similar error bands, 
regardless of testing temperature, chemi- 
cal variations, and prior heat treat- 
ment, it would seem that a few selective 
tests on a new material would predict 
the amount of probable “improvement” _ 
by slight variations in these factors. . 

Mr. Ervin E. UNDERWOOD? (presented 
in written form)—The authors have 
demonstrated the applicability of their 
Eq 1: 


log ¢, + m log (mcr) = ¢ 


to a wide variety of creep-rupture data. 
In conjunction with the theoretical 
derivation of Eq 1 by E. S. Machlin (),? 
this expression must be accorded further 
credence. 

In our work at Battelle Memorial 


* Battelle Memorial Institute, Columbus, 
Ohio. 

boldface numbers in parentheses refer 
to the list of references appended to this dis- 
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Inst., it was preferred to look at expres- 
sions of this nature from a more general 
viewpoint. It seems appropriate at this 
time to point out explicitly the under- 
lying relationship connecting expres- 
sions such as Monkman and Grant’s, 
the Larson-Miller parameters (2), the 
§-parameter of Dorn (3), the Z-parame- 
ter of Zener and Hollomon (4), and of 
others (5). 

Since all these functions involve a 
rate of one kind or another, and since 
the temperature-dependence of the rate 
of a process is generally expressible by 
an exponential term, the Arrhenius rate 
equation is a logical one to consider. It 
may be expressed as 


y= 


where r is a rate, A and Q are constants, 
R is the gas constant, and T is the 
absolute temperature. If this equation 
is applied to creep or creep-rupture data, 
a logical choice of rates would be the 
(mcr) or 1/t, , respectively. Substitution 
of these rates in Eq 3 yields both forms 
of the Larson-Miller parameter, P, 


P, = T [Ci — log (mer)]....... . (4) 


and 


T (Co + bogt).........8) 
where C, and Cy, are constants. This 
derivation was pointed out by Larson 
and Miller. Unfortunately; the useful- 
ness of these expressions was diminished 
by the assumption that the constants 
should be equal to about 20. In general, 
the best fit obtainable from the experi- 
mental data will demand different values 
of Ci and Co 

Dorn has shown that the Z-parameter, 
Z = (mer) e®/*", can be obtained from 
his 6-function, @ = It can also 
be shown that the Z- and 6-functions 
are equivalent to Eqs + and 5. If, for 
example, logarithms are taken of the 


Z-function, we obtain 
log Z = log (mcr) + Q/2.3RT..... (6) 
Solving for Ci in Eq 4, there follows 
C, = log (mcr) + P;/T........(7) 


The equivalence of the latter two expres- 
sions is apparent, as would be expected 
since both functions describe the same 
rate process. This point has been dis- 
cussed in more detail elsewhere (6, 7). 

It can also be appreciated that 
Monkman and Grant’s equation is ob- 
tained, at constant temperatures, simply 
by equating Eqs 4 and 5. 


T[Ci — log (mcr)] = T(C2 + logé,). . . (8) 
Since C; will usually not equal C2, 


log t; + log (mcr) =c +0......(9) 


where c is a constant. 

Also, the fact that this expression 
yields a good straight line can be shown 
to depend on the behavior of Eqs 4 and 
5. If Pi and Pz» are plotted versus log 
stress, the data can be represented 
fairly well by straight lines. By equating 
the straight-line equations at the same 
value of log stress, and by appropriate 
rearranging, it follows directly that log 
t, and log (mcr) are also related linearly. 


If, in the log stress versus P, and P, 


plots, the lines are parallel, Monkman 
and Grant’s Eq 2 is obtained; if the 
lines are not parallel, Eq 1 results. 
Mr. J. G. KAurMan* (presented in 
written form)—The authors are to be 
congratulated for their very interesting 
and thought-provoking paper. While 
some of the facets of this relationship 
between rupture life and minimum creep 
rate have been recognized and used for 
some time by research workers, it re- 
mained for Messrs. Monkman and Grant 


* Research Engineer, Mechanical Testing 
Div., Alcoa Research Laboratories, The Alu- 
minum Company of America, New Kensington. 
Pa. 


DISCUSSION ON RupTURE LIFE AND MINIMUM CREEP RATE | 


‘ 
{ 
‘ 
u 
a 
t 
( 
{ 
* 
ah, 
or 
' 
« 
| : 
. 


to formally present the relationship 
and attempt to analyze its significance. 

Data obtained at the Alcoa Research 
Laboratories generally tend to support 
the existence of a straight-line relation- 
ship between log rupture life and log 
minimum creep rate. In fact, one facet 
of the relationship was made use of by 
recognizing a condition which frequently 
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there are several points about which 
the authors should be cautioned—at 
least when this relationship is applied to 
aluminum alloys. Data have been shown 
by the authors for several commercial 
non heat-treatable alloys and a few 
additional non-commercial aluminum 
alloys, none of which are classified as to 
temper and all of which have been tested 
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Fic. 13.—Log-Log Plot of Stress versus Minimum Creep Rate and Rupture Life for No. 2EC-T6 


at 300 F. 


exists with aluminum alloys when the 
constant m in the authors’ Eq 1: 


log t, + m log (mcr) = ¢ 


is approximately equal to 1. One way of 
looking at this special case which the 
authors did not point out is that when 
this constant is unity, the log stress 
versus log rupture life and log stress 
versus log minimum creep rate curves 
are mirror images. An example of this is 
shown in Fig. 13. 

Concerning the relationship as a whole, 


io* 108? 


at temperatures from 500 to 1100 F. 
From these data the authors conclude, 
without restriction apparently, that the 
relationship is independent of testing 
temperature, stress, variations in compo- 
sition, heat treatment, recrystallization, 
hardness and “etc.”, as the paper says, 
for a particular alloy system. In making 
these sweeping conclusions, the authors 
have ignored a large and very important 
group of data—that which is obtained 
between room temperature and 500 F, 


the range of practical interest for most 
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aluminum alloys. By restricting their 
range of data for aluminum alloys from 
500 F to 1100 F they have excluded all 
but annealed or greatly softened mate- 
rial. Thus, they have excluded a tem- 
perature range in which structural 
changes occur more slowly with time 
and which strongly affects the mechani- 


10, 11, 12). These data are representative 
of the very large amount of data avail- 
able from those laboratories. 

Figure 14 shows data obtained at the 
two laboratories for several lots of 1100 
(2S) and 3003 (3S) in annealed and 
cold-worked tempers (-O, -H12 and 
-H18) in the temperature range from 
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at 90 F to 400 F. 


cal properties. Had the authors examined 
data from the lower range, they might 
not have arrived at such broad conclu- 
sions. 

In the figures referred to below are 
presented some of the data obtained in 
that temperature range at two independ- 
ent laboratories—Alcoa Research Labo- 
ratories and University of California 
Engineering Research Laboratory (8, 9, 


90 F to 400 F, a range not shown by the 
authors. About 150 points are shown. 
The band shown is that which the 
authors state will include 95 per cent of 
the data for 1100 and 3003 regardless of 
testing temperature. It is true that the 
data fall into a band, and that if the 
data obtained on annealed material at 
all temperatures and the other tempers 
at the higher temperatures were singled 
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out, most of it would fall within the 
authors’ limits. Considering only the 
data for the cold-worked materials, how- 
ever, all of the points fall below the 
median and half of them fall below the 
band. From these data, it is evident 
that for aluminum alloys, the relation- 
ship between rupture life and minimum 


while at 400 F, there is only a single 
narrow band for the three tempers. 
Also, this alloy is one which would be 
included in the authors’ band since it is 
an aluminum—1.2 per cent magnesium 
binary alloy. At 300 F, only the annealed 
material fits the band well. 

Other examples such as this one could 
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Minimum Creep Rate, percent per hr 
Fic. 15.—Log-Log Plot of Minimum Creep Rate and Rupture Life for 5050 at 300 F and 400 F- 


creep rate differs depending upon the 
amount of cold work and the tempera- 
ture. 

A more detailed representation of the 
effects of temperature on this relation- 
ship may be gained from Fig. 15 which 
shows data for single lots of 5050-0, 
-H34 and -H38 at 300 F and 400 F. It 
should be noted that at 300 F there are 
three distinct lines for the three tempers; 


be shown, using heat-treatable alloys 
as well. Until the temperature is reached 
at which all of the various tempers 
behave like annealed materials, a sepa- 
rate line often appears to be present for 
each temper at each temperature. 

The authors also include the state- 
ment that this relationship is independ- 
ent of chemical variations within any 
particular alloy system and they include 
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high-purity aluminum, non heat-treated 
alloys, and heat-treated alloys in the 
same band. It must be assumed that 
this does not indicate that the authors 
intend to include all aluminum alloys 
as one alloy system within this one 
band, for if we plotted all of our 
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of (1) differences in composition of the 
five alloys, (2) differences in temper, 
(3) differences among various lots of the 
same alloy and (4) differences in testing 
temperatures. A band including all of 
these points would be too wide to be of 
much practical value. 
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Fic. 16.—Log-Log Plot of Minimum Creep Rate and Rupture Life for 2014, 2018, 2618 and 2024 
_ (Alcoa Research Laboratory and University of California 


aluminum 
loys on one chart, the band including 
95 per cent of the data would extend 
_ more than three cycles on both rupture 
life and minimum creep rate scales. Data 
for five aluminum-copper alloys (2014, 
2018, 2218, 2618 and 2024) are shown 
in Fig. 16. Here, the data were obtained 
at temperatures from 90 F to 700 F. 
The band of data is rather wide because 


It should be made clear at this time 
that the data shown here to exemplify 
variations resulting from temper, tem- 
perature, and chemical composition are 
only a few examples of the many in- 
stances where we can not agree with the 
authors’ conclusions. 

This discussion is not intended as 
criticism. The main point is that what 
value might be obtained from this 
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relationship will not be enhanced by 
attempting to throw many aluminum 
alloys into one single grouping. It is 
true that a band including data from 
various alloys and tempers at various 
temperatures can be established, but it 
will undoubtedly be too wide to be of 
much practical value if data below 500 


10000 


if the data for X7079-T6 at 300 F are 
plotted, a straight line results as shown 
in Fig. 17. Such a line would certainly 
be useful in pointing out erratic data. 
In addition, this line might be useful, as 
the authors point out, in estimating 
either minimum creep rate or rupture life 
at some stress where one of these factors 
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Rupture Life, hr 
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at 300 F. 


F are included. Furthermore, if bands 
are set up for aluminum alloys, their 
widths and the locations of their medians 
will probably be dependent upon alloy, 
temper, and testing temperature. 

An example of how this relationship 
might be useful can be shown. If rupture 
life and minimum creep rate are plotted 
for one temper of one alloy tested at one 
temperature, a single line or narrow 
band might be obtained. For example, 


10~* 
Minimum Creep Rate, percent per hr 
Fic. 17.—Log-Log Plot of Minimum Creep Rate and Rupture Life for Two Lots of X7079 
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is known and we wish to estimate a 
value for the other. For instance, if a 
minimum creep rate of 0.000001 in. per 
in. per hr (10~* per cent per hr) has been 
determined for some stress in a test that 
has not been run to failure, such a rela- 
tionship as that shown in Fig. 17 would 
help in estimating the rupture life for 
that stress, around 10,000 hr. 
Unfortunately, any such extrapolation 
for rupture life depends on an accurate 
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value of minimum creep rate having been 
obtained. It is not always possible upon 
discontinuing a test to be sure that a 
good value for minimum creep rate has 
been obtained, since the inflection 
point, indicating a true minimum slope, 
may not yet have been reached. To be 
sure that the inflection point has been 
reached, it may be necessary to run the 
test well into the tertiary stage. This is 
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long-time creep rupture data from short 
time data for aluminum alloys provided: 
(1) it is not considered to be independent 
of too many factors, such as chemical] 
variation, heat treatment, hardness and 
testing temperature; and (2) that ac- 
curate means are available and are used 
for the determination of the minimum 
creep rate. 

Mr. FRANK GAROFALO® (by letter) — 
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Minimum Creep Rate (mcr), percent Strain per hr 


Fic. 18.—Relationship Between Rupture Time (tr) and Minimum Creep Rate (mcr) for a 1 per 
cent Chromium-} per cent Molybdenum Steel Tested in Air, Helium + 2 per Cent Hydrogen or 
Vacuum at 1100 F and in Helium +2 per cent Hydrogen at 1200 F. 


probably the reason why the authors in 
their conclusions are not too optimistic 
about using the relationship for extra- 
polation, and we must agree with that 
conclusion. 

In summary, the .uthors have put 
forth a very interesting relationship and 
our data support the existence of such 
a relationship. They may have been too 
optimistic about its limitations as applied 
to aluminum, at least. It appears that 
it will be useful in serving as a check on 
the reliability of creep rupture data. In 
addition, it may be useful in estimating 


The authors of this paper are to be con- 
gratulated for presenting a very inter- 
esting analysis. Generally speaking, 
rupture has been treated in many cases 
as a phenomenon independent of the 
plastic flow which precedes it. It is 
unlikely that this can be shown to be 
true since rupture is known to be greatly 
affected by the conditions of plasticity. 
The present paper gives more evidence 
of the interrelationship between plastic 
behavior and rupture. 

5 Metallurgist, Physical Metallurgy, Edgar 


C. Bain Laboratory for Fundamental Research, 
United States Steel Corp., Monroeville, Pa. 
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_ For some time we have been investi- 
gating the relationship between mini- 
mum creep rate (mcr) and rupture. time, 
t, in ferritic and austenitic steels. The 
approach has been somewhat different 
from the approach employed in this 
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The slope ko and the intercept k’o are 
written in this manner since they may 
depend on the stress range. Similarly, 
for commercial steels one can write a 
general relation between log o and log 
mcr such as 
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Fic. 19.—Relationship Between Rupture Time (tr) and Minimum Creep Rate (mcr) for an 18-8 4 a 
Columbium Steel Tested in Air at 1100, 1300 and 1500 F. 


paper. In our initial effort an empirical 
relationship between mcr and ¢, was 
derived from other empirical relation- 
ships between initial stress, ¢, and mcr 
and ¢, . As discussed recently (13) assum- 
ing one or two linear segments for 
commercial steels in the log o-log ¢, 
plot an empirical relation between log 
o and log ¢, for any one temperature 
may be written 


logo = ko logt, + k’o....... (10) 


44 
log o = Ko log (mcr) + K’o.... (11) © 
By combining Eqs 10 and 11 one obtains ' ’ 


(12) 


Equation 12 as should be expected is > q 
similar to the one given in this paper. 

In our investigation an effort was 
made to determine the dependence of . 4 


Ke 
log = log (mcr) 


—— and ———— on stress, temperature, _ 
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and environment. The findings show 
that for individual steels these quantities 
do depend in some manner on stress and 
temperature, and the variations observed 
do not seem to be related specifically to 
rupture ductility. Results in air, in a 
purified mixture of He + 2 per cent H, 
and in vacuum show that under these 
conditions environment has essentially 
little effect. 

Typical results on one ferritic and one 
austenitic steel are shown in Figs. 18 
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TABLE IV.—SUMMARY OF CONSTANTS IN LOG tr — LOG (mcr) RELATION. 


relationship, namely, that the rupture 
life is inversely proportional to some 
power of the creep rate. Furthermore, it 
is stated that this expression is independ- 
ent of stress, temperature, and many 
structural factors. However, this re- 
lation must be considered as a_ first 
approximation since it is derived from 
a consideration of broad scatter bands 
on plots of log rupture time ¢ver- 
sus log minimum creep rate. The 
width of these error bands ranges from 


Steel Type 
E 52 | 18-8 Columbium 1100 
E 52 | 18-8 Columbium 13002 
E 52 | 18-8 Columbium 1500¢ 
J66 | lpercentChromium-) 
| Lg per cent Molyb- 
denum 
J 66 | Lpercent Chromium-| 1100*: 
per cent Molyb-! 
denum 
J 66 | Lpercent Chromium-;  1200° 


16 per cent Molyb-| 
denum 
J66 | 1 per cent Chromium- 
16 per cent Molyb-. 


denum 
\ 


1200° 


| Slope P Range in Total 


Stress Range, ke Elongati 
| gation, 

1000 psi | be ko | per cent 

| 

37.0 to 60.0 | 1.09 0.38 | 15.0 to 40.0 
17.0 to 40.0 | 0.86 1.0 | 6.0 to 56.0 
5.0 to 50.0 | 0.79 | 1.24 | 11.0 to 47.0 
10.0 to 20.0 | 0.29 2.0 36.0 to 79.0 


4.0 to 10.0 | 0.57 1.6 | 50.0 to 113.0 


Tested in air. 
« Tested in vacuum. 


and 19 and values of the quantities in 
Eq 12 are given in Table IV. It should 
be mentioned that the results obtained 
in our investigation thus far, for austeni- 
tic stainless steels, fall within the 2¢ 
limits established in this paper. As shown 
in Fig. 18, this is not entirely true for 
the ferritic steels. 

Mr. S. S. MAnson® and Mr. W. F. 
Brown, Jr.® (by /elter)—The authors 
have presented an _ interesting and 
stimulating study of the possible relation- 
ship between creep and stress rupture 
data. They have proposed a very simple 


6 National Advisory Committee for Aeronau- 
tics Lewis Flight Propulsion Lab., Cleveland, 
Ohio. 


© Tested in purified helium + 2 per cent hydrogen mixture. 


+0.50 to +0.55 cycles of rupture time. 
Thus, for a given creep rate, the corre- 
sponding rupture time could vary by a 
factor of 12. The accuracy available 
using this relation is therefore quite 
limited. 

The existence of such large error 
bands is attributed to scatter in- 
herent in the data. As _ supporting 
evidence for the large scatter, the 
authors cite the work of Phillips and 
Sinnott. However, these investigators 
reported error bands less than +2¢ = 
+0.34 (total time spread of about 4.8) 
with the exception of tests conducted at 
one stress level which scattered by 
+20 = +0.46. The frequency distribu- 
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tion at this stress level was distinctly 
not normal and was thought to reflect 
a transition in alloy behavior. Further- 
more, the data reported by Phillips and 
Sinnott cannot be considered as represen- 
tative of normal stress rupture testing. 
For example, one-half the data is con- 
fined to times less than 2 hr and the test 
temperature (900 F) was extremely high 

10000 


Rupture Life, hr 
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various sources and to neglecting the 
effects of several primary variables. 
More quantitative relations between 
minimum creep rate and rupture time 
can be derived from time-temperature 
parameters which have been previously 
reported. In the authors’ references (9) 
and (10), it was shown that stress rupture 
data could be successfully correlated by 


Least Squares Data Fit 
Log t#O082Logr=135 


Test Temperature, F 
94 
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Minimum Creep Rate, in. per in. per 1000 hr 
Fic. 20.—Stress Rupture Life of 75S-T as a Function of the Minimum Creep Rate (Flanigan, 


Tedsen, and Dorn). (14) 


for their 2SO aluminum alloy. In addi- 
tion, their practice conformed to ASTM 
E 217 Recommended Practice for short- 
time tensile testing which permits a 
+10 F temperature variation during a 
test. The ASTM tentative recommended 
practice E 85° for stress rupture testing, 
limits this variation to +5 F for tem- 
peratures below 1200 F. It would thus 
appear that the authors’ large error band 
of +0.50 to +0.55 time cycles is prob- 
ably attributable to mixing data from 

7 Recommended Practice for Short-Time Ele- 
vated-Temperature Tension Tests of Metallic 
Materials (E 21-43), 1955 Book of ASTM 
Standards, Vol. 1, p. 1605. 

® Tentative Recommended Practice for Con- 
ducting-Time-for-Rupture-Tension Tests of Me- 


tallie Materials (E 85-50T), 1955 Book of 
ASTM Standards, Vol. 1, p. 1685. 


the Manson-Haferd parameter: 


T 


13 
log ¢ — log ta (13) 


where JT and / are the test temperature 
and rupture time, respectively, and 7. 
and log /, are material constants. On the 
basis of more limited evidence, the fol- 
lowing correlating parameter was pro- 

a 
posed for creep data: 


T- Ta 
log r + log ra 


e r is the minimum creep rate and 

Yq is a material constant. The constant 

T. appeared to have the same value as 
in Eq 1. 

Dividing Eq 13 by Eq 14, the following 
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relation is obtained between minimum 
creep rate, 7, and rupture time, /: 


log r + log ra (a) 
logt— logt2 


If y (c) were a constant, this expression 
would reduce to the same form as pro- 
posed by the authors. 

It will be of interest to analyze a set 
of creep and stress rupture data with the 
purpose of comparing the correlation 
obtained using the Monkman-Grant 
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that this spread is not random but results 
from a distinct temperature dependence. 
According to the authors, the equation 
of the least squares line averaging all 
the data is the desired correlating rela- 
tionship. Thus, 


log + 0.82 logr = 1.35......(16 

The first step in correlation by means 
of Eq 15 is to obtain a plot of the Man- 
son-Haferd ‘“‘master curve” (Eq 13) for 
the stress rupture data. This may be 
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Fic. 21.—Master Curve for 75S-T Stress Rupture and Creep Data. 


relation with that obtained using Eq 15. 
Unfortunately, published stress rupture 
data covering a wide range of time and 
temperature are seldom supplemented 
by the corresponding minimum creep 
rate information. Dorn (14) has reported 
rather extensive creep and stress rupture 
data for the aluminum alloy 75ST. The 
minimum creep rate for this alloy has 
been plotted against the rupture time 
on log-log coordinates in Fig. 20. It will 
be noted that the scatter band is about 
one time cycle wide. However, it is clear 


Temperature, F 
94 
211 
300 
375 
(b) Based on Equation 2 
-60 10 20 30 40 50 60 
T+60 
6 
4 
-1.20¢ 
38 
= > 
. 
-105 3 
8910 20 30 40 50 7080x!I0 


Stress, psi 


Fic. 22.—Correlating Relation Between 
Minimum Creep Rate and Rupture Time as 
a Function of Stress for 75S-T. 


; 
: 
4 
of 
i 
‘ 
e 
A 
| 
4 


its 
ce. 
ion 
all 
la- 


16 


ins 
an- 
for 

be 


x10" 


Logr+il 


Logt 
4 Calculated from Creep Data by 
Log t + 0.82 Log r=1.35 (Monkman-Grant) 
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Fic. 23.—Experimentally Determined Stress Rupture Curves and Rupture Times Calculated 
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Fic. 24.—Per cent Rupture Time Error at 375 F Resulting from Calculations Based on Eqs 16 


and 17 for 75S-T. 
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done by suitable cross-plotting of the 
isothermal results as described in the 
authors ref. 9. The resulting master 
curve is shown in Fig. 21 (a). A sim- 
ilarly obtained master curve for the 
minimum creep rate data corresponding 
to Eq 14 is shown in Fig. 21 (0). 
The correlation is then obtained by 
plotting the ratio between the creep 
and stress rupture master curves as 
a function of stress as shown in Fig. 
22. The desired correlating relationship 
according to Eq 15 is: 


og t — 


where yw (c) is a function of stress as 
plotted in Fig. 22. 

A direct comparison of the degree of 
correlation afforded by Eqs 16 and 17 
would be valuable. This may be ac- 
complished by using these relations to 
calculate the 75ST rupture times from 
the minimum creep rate data. The results 
of these calculations are shown in Fig. 
23. The rupture strength curves have 
been drawn through the actual experi- 
mental data points. At 94 and 211 F 
these curves are equally well defined by 
the points calculated from Eqs 16 and 
17. However, at 300 and 375 F, the 
authors’ relation (Eq 16) yields rupture 
times which are considerably too high, 
while calculations based on Eq 17 essen- 
tially define the experimentally deter- 
mined rupture curves. The time errors 
may be better visualized if expressed as 
a percentage of the values established 
by the experimental curves. Thus, 
according to Fig. 24, the time error at 
375 F associated with the authors’ 
relation is as high as 275 per cent. In 
contrast, the errors associated with using 
Eq 16 do not exceed 30 per cent. 

In conclusion, we would suggest 
caution in accepting the relation between 
minimum creep rate and rupture time 
as proposed by the authors. The basic 
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idea that creep information be examined 
with a view to formulating empirical 
relationships between flow and fracture 
is quite sound. However, in attributing 
the large error bands in the authors’ 
Figs. 1 to 10 to inherent data scatter, 
the authors discourage development of 
more quantitative and therefore more 
useful relations. They also tend to divert 
theoretical developments by suggesting 
that the influence of testing and struc- 
tural variables is negligible. 

Messrs. F. C. MONKMAN ANDN., J. 
GRANT (authors’ closure) —We are deeply 
indebted to Messrs. Robertshaw, Under- 
wood, Kaufman, Garofalo, Manson and 
Brown for their additions to the data, 
and for their comments and criticism. 

Regarding Mr. Robertshaw’s com- 
ments, we fully intend to do a more 
careful mathematical analysis of this 
type of data but would prefer to use a 
more carefully controlled test program 
in which our measurements and the 
errors in such measurements can also be 
analyzed. The data, as presented, were 
subject to all possible errors normally 
present in creep-rupture testing and 
therefore did not merit, for the time 
being, more extensive analysis. That a 
much narrower scatter band is possible 
and that relatively few tests can be 
used for prediction of the relationship is 
nicely demonstrated in the discussion and 
contribution made by Mr. Kaufman, as 
discussed below. 

Mr. Underwood’s contribution: while 
we have no reason to deny that a rate 
process may be operative in creep, the 
existence of the several modified expres- 
sions listed (and this listing should 
include the expressions of Manson and 
Haferd and Manson and Brown) empha- 
sizes that the constants in these relation- 
ships are all different and _ therefore 
yield different results. The derivation or 
experimental determination of these 
constants is an important step. Larson 
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and Miller seldom found straight lines 


Discu 


for their plots of log stress versus P; in 
fact, the actual shapes of curves in their 
publication would hardly suggest that 
a straight-line relationship would be 
expected for the log stress versus log 
minimum creep rate plot (see also- the 
comments on the discussion of Manson 
and Brown, below). 

We are in complete agreement with 
the caution expressed by Mr. Kaufman 
and the data he presented. It is evident 
that not sufficient care was given to the 
selection of words in the conclusions, 
even though certain precautions were 
taken in our discussion of the data. 
Specifically, the results and conclusions 
applied only to the specific materials 
reported and over the temperature range 
shown in the captions to the figures and 
tables. As it turns out, essentially all of 
our data were in the temperature range 
where grain boundary deformation proc- 
esses are important. None of our data or 
conclusions were intended for extra- 
polation to low temperature. We cer- 
tainly should not have suggested that 
the relationship shown for pure alumi- 
num and its several very simple alloy 
modifications should apply equally to 
commercial aluminum alloys since we 
did point out that important changes in 
ductility caused a spreading of the scat- 
ter band. In this regard, low temperature 
tests or cold work or certain tempers 
would bring about the spread so well 
illustrated by Mr. Kaufman. In fact, in 
presenting our data, we recognized our 
inability to combine data from similar 
commercial alloys in that the curves were 
deliberately separated for alloys M-252, 
Nimonic 80 and 90, and Inco 700, even 
though all of these are nickel-chromium 
alloys age hardened by means of titanium 
and aluminum. In this instance, the 
alloy content variations are not extreme, 
but ductilities were significantly different 
and did not permit including all of the 
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data on these alloys on the same plot. 
Similarly we also separated the similar 
alloys S-816 and S-590 and the two 
grades of iron-base alloys, the austenitic 
and ferritic stainless steels. 

We hope that data are available and 
will be published for relatively low 
temperatures to determine how the sug- 
gested relationship would vary. 

In our estimation, the reward of 
discontinuing a creep test to save many 
thousands of hours of test time (where 
this is possible) will stimulate the attain- 
ment of more precise secondary creep 
rate values. 

Regarding Mr. Garofalo’s contribu- 
tion, we are indeed pleased to have the 
confirmation of our austenitic stainless 
steel plot. Before too great concern can 
be voiced regarding the disagreement 
between the two sets of data for the 
ferritic steels, it should be noted that 
our data are for the stainless ferritic 
steels. In line with the observations of 
Mr. Kaufman (above) and our own 
separation of commercial alloys, the 
disagreement may be based purely on a 
significant difference between types of 
alloy. 

The discussion presented by Manson 
and Brown deserves careful considera- 
tion. The ability of the Manson-Haferd 
analyses to be fitted to creep-rupture 
data is not in dispute. The judgment of 
broader application of their relationship, 
based on the stress-rupture data of 75 
ST, utilizing data at room temperature 
which we did not utilize in deriving the 
relationship, falls far short of adequate 
or fair proof. We would indeed like very 
much to see the analysis applied to the 
same data utilized for our presentation. 

We cannot apologize for the stress- — 
rupture data used in our analysis for 
they are a fair cross-section of published 
data; and contrary to the claim of Man- 
son and Brown, they include constant 
stress tests as well as constant load, 
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they include data with much more pre- 
cise temperature measurements than 
that specified in ASTM Recommended 
Practice E85-50T, and they include 
laboratory tests of extremely carefully 
controlled tests. Unfortunately, when 
one groups data as we have done, the 
spread is as we have presented it and 
cannot be argued away. A few tests will 
give a narrow band or even a line (see 
Fig 17, above, of Kaufman), and we have 
obtained similar results frequently, but 
that was not the purpose of our presenta- 
tion. 

Contrary to “discouraging develop- 
ment of more quantitative and therefore 
more useful relations,” this work has 
already been instrumental i in stimulating 
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further work in our laboratory and in 
several others. From a theoretical point 
of view, we are now examining the role 
of ductility in the creep process, again 
stimulated by this work. 

The existence of the rupture life-min- 
imum creep rate relationship, for the 
creep-rupture data presented and sup- 
plemented by other discussors, does not 
“suggest that the influence of testing 
and structured variables is negligible.” 
Instead, it points to the need to examine 
the creep process in greater detail to 
see why the relationship is so broadly 
applicable and how the constants change 
with changes in composition or struc- 
ture. 
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CORRELATION OF TORSIONAL AND TENSILE PRESTRAIN 


] EFFECTS ON FRACTURE PROPERTIES*! 


By I. Rozatsxy? 


® 


SYNOPSIS 


One of the newer techniques involved in the study of the mechanical be- 


havior of metals is that of prestrain. Subsequent to partially deforming the 
metal by prestraining under one set of physical conditions—for example, stress 
state, temperature, strain rate, etc.—the metal thereupon is tested to fracture 
under a different set of physical conditions. 

The object of this investigation was to make a correlation of the effects of 
room temperature tensile and torsional prestrain upon the tensile fracture 
properties of annealed copper and spheroidized SAE 1020 steel at various test 


temperatures from +75 to —321 F. Under these test conditions, the mechani- 
cal behavior of the face-centered cubic copper was considered characteristic 


of that for metals and alloys exhibiting no transition temperature effects. The 
SAE 1020 steel was chosen as representing those alloys which show transition 
temperature effects with decreased test temperature, notch effects, etc. 
Evidence of rheotropic behavior of the steel was found at lower than transi- 
tion test temperatures for both tensile and torsional prestrain. The helical 
type of “wolf-ear” tensile fracture obtained subsequent to critical magnitudes 
of torsional prestrain was quite pronounced at higher test temperatures but 
tended to disappear as the test temperature was lowered. 


In recent attempts to gain insight into 
the subject of the mechanical behavior 
of metals, one of the more popular ex- 
perimental techniques has been the two- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 This paper is based upon a portion of a re- 
search program conducted in the Metals Re- 
search Laboratory, Case Institute of Tech- 
nology in cooperation with the Office of Naval 
Research. The data were used as the basis of a 
thesis submitted to the Case Inst. of Technology 
by I. Rozalsky in partial fulfillment for the 
degree of Doctor of Philosophy. 

2 Research Metallurgist, Shell Oil Co., Wood 
River Research Laboratory, formerly Research 
Associate, Metals Research Lab., Case Inst. of 
Technology. 


step deformation process. Good sum- 
maries are available (1, 2).2 A metal is 
subjected to the first deformation or pre- 
strain under one set of physical condi- 
tions and then deformed to fracture 
under another set of physical condi- 
tions. Physical conditions may be varied 
by changing the deformation tempera- 
ture, stress state, strain rate, etc. 
Ripling and Baldwin (3) prestrained 
quenched-and-tempered specimens of 
SAE 1340 steel in tension at higher than 
The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 642. 
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Subcritical 
Critical 
Prestrain 


Super- 
Critical 


Ai, 
Terminal 
(b) 
Tensile Prestrain —»> Torsional Prestrain— 
> 
A 
2 
= >| Rheotropic 
” embrittlement 
c ~ 
Ne Slope=-! 
Stable 
Metastable 
a (d) Transitions, 
2 Tensile Prestrain — Tensile Prestrain —> 
— 
e) 


—— Compressive 


8) Tensile —» 
Prestrain 


Fic. 1.—Schematic Drawings of the Relationships Between Retained Tensile Ductility and Pre- 


strain (Tensile, Torsional or Compressive). 


transition temperatures‘ where the metal 
was normally ductile and tested these 
specimens to fracture in tension at lower 


‘The transition temperature for a metal is 
that usually narrow temperature range within 
which the mechanical behavior (for example, 
ductility) changes from a ductile to a brittle 
nature. Apparently, only non-face centered cubic 
metals exhibit transition temperatures. 


than transition temperatures where 
without prestrain the metal would 
normally exhibit brittle behavior. A plot 
of the ductility’ retained at the low 
temperature versus the magnitude of 


* The criterion of ductility used in this paper 
Original Area 
Final Area 
the maximum natural strain. 
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prestrain yielded complex curves. These 
showed that after an initial decrease in 
retained ductility for small magnitudes 
of prestrain, further increases in prestrain 
increased the retained ductility to a 
maximum and eventually caused it to 
pass to zero upon exhaustion of the duc- 
tility during prestraining. From their 
results, Ripling and Baldwin concluded 
that a part of the ductility deficiency or 
brittleness at lower than transition test 
temperatures was strain curable or 
“rheotropic.” 

Swift (4) prestrained specimens of 
mild steel in torsion at room tempera- 
ture and then tested these specimens to 
fracture in tension at room temperature. 
With increasing torsional prestrain he 
observed no appreciable change in the 
retained tensile ductility until a speci- 
men had been torsionally prestrained to 
a critical magnitude. Thereupon, with 
increasing torsional prestrain, there was 
a rapid continuous decrease in ductility 
for a subsequent tension test. He also ob- 
served a change in fracture appearance 
from a ductile cup-cone type at less than 
critical magnitudes of prestrain to a 
brittle, helical “wolf-ear” type at greater 
than critical magnitudes of torsional 
prestrain. 

Figure 1(a) to (e) indicates schemati- 
cally the tensile deformation behavior 
for metals subsequent to various types of 
prestrain. The ordinate axis indicates the 
retained tensile ductility, whereas the 
abscissa axis indicates the magnitude of 
prestrain. Terminal points of the curve 
on the abscissa axis or the ordinate axis 
indicate single deformation processes 
where the ductility is exhausted exclu- 
sively under either prestraining or testing 
conditions, respectively. 

Figure 1(a) shows the deformation be- 
havior for simple tensile prestrain when 
the prestrain temperature and test tem- 
perature are identical. This type of curve 


is found for face-centered cubic metals 
which exhibit no transition temperature 
or, at higher than transition test tem- 
peratures, for metals which do exhibit 
transition temperature behavior. The 
curve is a straight line of 45-deg slope. 

Figure 1(5) shows the deformation be- 
havior for torsional prestrain under the 
conditions stated above for Fig. 1(a). 
Here the relationship is not as simple as 
that given above. One should realize, 
however, that the strain states for ten- 
sile and torsional prestrain differ from 
each other as do their respective stress 
states. This type of curve has been ob- 
tained in several investigations for a 
number of ductile, relativers~pure metals 
and single phase alloys (5, 6). 

Figure 1(c) shows for metals exhibiting 
a transition temperature the effect of 
prestraining in tension at a higher than 
transition temperature, 7; , upon the re- 
tained tensile ductility at another higher 
than transition temperature, T2, where 
T, > T.. Here Ae indicates the differ- 
ence between the ductilities of the metal 
at the given temperatures. This type of 
behavior was obtained for specimens of 
quenched-and-tempered (above 800 F) 
SAE 1340 steel prestrained in tension at 
room temperature and then tested in 
tension at —321 F (3). A similar type of 
curve was obtained for 24 S-T 4 alumi- 
num (no transition temperature) by pre- 
straining at room temperature and test- 
ing at —321 F (7). 

No analogous investigation has as yet 
been conducted to determine the de- 
formation behavior for torsional prestrain 
at different higher than transition pre- 
strain and test temperatures when the 
presttain temperature is higher than the 
testing temperature. 

Prestraining in tension at a higher 
than transition temperature and testing 
in tension at a lower than transition tem- 
perature yields the relatively complex 
curve illustrated in Fig. 1(d). Upon 
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extrapolating the stable portion of the 
curve to the ordinate axis, Ripling and 
Baldwin (3) concluded that the low- 
temperature ductility deficiency (Ae. + 
Aes) of quenched-and-tempered SAE 
1340 steel was in part (Ae) rheotropic, 
that is, strain curable. 

Ripling and Baldwin (8) found that 
prestraining SAE 1340 steel specimens 
in compression at higher than transition 
temperatures was also capable of restor- 
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Fic. 2.—Effect of Test Temperature on Ten- 

sile Ductility Subsequent to Prestrain. (SAE 


1340 Steel Data From Ripling and Baldwin (8); 
24 S-T 4 Aluminum Data from Liu (7).) 


ing part of the tensile ductility normally 
denied the steel at lower than transition 
test temperatures, in fact, at much lower 
magnitudes of prestrain than by prestrain 
in tension (see Fig. 1(e)). The effect of 
torsional prestrain under similar condi- 
tions has also not been determined. 
Figure 2(a) previously presented by 
Ripling and Baldwin (8) shows that after 
an initial increase in the retained duc- 
tility for small compressive prestrains 
(rheotropic recovery), there is a rapid 
ductility decrease with increased magni- 
tudes of prestrain. Was this ductility 
drop-off due to “microcracks,” the pro- 
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posal made by Backofen, e/ al. (5, 6) for 
the ductility decrease for torsional pre- 
strain? The magnitude of compressive 
prestrain at which the rapid ductility 
drop-off takes place recedes to smaller 
and smaller values with decreasing tem- 
peratures (see Fig. 2(a)). Would the 
ductility drop-off obtained by Swift (4) 
subsequent to torsional prestrain simi- 
larly recede under analogous conditions? 

But the precompression by Liu (7) of 
24S-T4 aluminum, a ductile face- 
centered cubic metal, showed (see Fig. 
2(b)) no ductility drop-off as severe as 
that for steel. Does this mean 24 S-T 4 
aluminum is insensitive to microcracks? 
On the other hand, copper (also a ductile 
face-centered cubic metal) showed a duc- 
tility drop-off after pre-torsion at a mag- 
nitude of prestrain where it was claimed 
cracks did occur (5). 

The objective of the present investiga- 
tion was a correlation of the effects of 
tensile and torsional prestrain upon the 
tensile fracture properties (retained duc- 
tility and fracture stress) for two metals 
at various testing temperatures. The 
metals chosen were copper, crystallizing 
in the face-centered cubic system and, 
concomitantly, showing no _ transition 
temperature, and spheroidized SAE 1020 
steel, which does have a transition tem- 
perature associated with its mechanical 


behavior. 


MATERIAL AND PROCEDURE * 


The materials used in this investiga- 
tion were (a) annealed electrolytic tough 
pitch copper and (b) plain carbon SAE 
1020 steel in the spheroidized condition.* 

Torsional prestrain specimens of the 
type shown in Fig. 3(b) were twisted 
various amounts at a strain rate of ap- 
proximately 120 deg per min. The plastic 
shear strain, y, at the surface of the re- 
duced section of a twisted torsion speci- 


® Details of the heat treating, prestraining 
and testing procedures used in this investiga- 
tion are found in the Appendix. 
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men was calculated from the relation: 


where: 


= plastic surface shear strain (circu- 


radius a bar, 
# = total twist in radians, and 


imen. Because of the linear strain gradi- 
ent with respect to the radius of the 
twisted bar (y = 0 at the center), the 
magnitude of shear strain at the surface 
of the reduced section of the tension test 
specimen was readily calculated. 

Tensile prestrain was obtained on spec- 
imens of the type shown in Fig. 3(a). 
It was not considered necessary to re- 
machine specimens after tensile pre- 
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Fic. 3.—Prestrain and Tension Test Specimens. 5 


(a) Tensile Prestrain or Test Specimens 
(b) Torsional Prestrain Specimen. 


= length of bar over which twisting 
occurs. 


Although some doubt has been ex- 
pressed concerning the validity of the 
above expression for large magnitudes of 
strain (9), the author considered the use 
of the above simple equation adequate 
for this investigation. 

After the desired magnitude of tor- 
sional prestrain had been effected, a 
tension test specimen of the type shown 
in Fig. 3(@) was machined from the center 
of the reduced section of the torsion spee- 


strain. All tensile prestrains and tension 
tests were made on a hydraulic tension 
testing machine with a crosshead speed 
of 0.05 in. per min. 


RESULTS AND DISCUSSION 
Retained Tensile Ductility: 
Copper: 


In order to establish the simplest mode 
of tensile deformation behavior subse- 
quent to tensile or torsional prestrain‘ 


7 All of the tensile and torsional prestraining 
operations in this investigation were performed 
at room temperature (+75 F). = 
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without the complication of transition 
temperature, the initial tests were con- 
ducted with soft ductile copper (Fig. 4). 
The tensile ductility for zero prestrain 
at a test temperature of —321 F was 
approximately equal to that at a test 
temperature of +75 F. The linear type 
curves described earlier (Figs. 1(a) and 
1(c)) for retained tensile ductility versus 


Test Temperoture 
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until a critical prestrain was reached. 
Thereupon, with further increase in 
prestrain, there was a rapid decrease in 
the retained ductility (the supercritical 
branch of the curve). The introduction 
of the critical magnitude of torsional 
prestrain into the test specimen was 
accompanied by a change in the tensile 
fracture appearance from one which 
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Fic. 4.—Effect of Test Temperature upon the Retained Tensile Ductility of Annealed Electro- 
lytic Tough Pitch Copper Subsequent to Tensile or Torsional Prestrain (+75 F). 


tensile prestrain are shown for copper 
in Fig. 4. 

The curves for retained tensile ductil- 
ity, ey 8 versus torsional prestrain at test 
temperatures of +75 F and —321F 
were quite similar to one another. As 
shown schematically in Fig. 1(6), with 
‘increasing torsional prestrain, the re- 
tained tensile ductility first decreased 
at a rather slow and essentially linear rate 
‘(the subcritical branch of the curve) 


Area After Prestrain — 
Final Area 


Se, = In 


for less than critical magnitudes of tor- 
sional prestrain is of a “cup-cone” type 
to one of a helical type, Swift’s (4) 
so-called ‘“‘wolf-ear” fracture. Finally, 
with further prestrain the curve became 
approximately horizontal (the terminal 
branch of the curve) and remained so up 
to the point of fracture in torsional pre- 
strain (exhaustion of the ductility of the 
metal in torsion). The helical type of 
fracture continued to persist in the ten- 
sion test up to this point. 

For the copper at each given test tem- 
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perature the critical shear strain required 
to initiate a helical “wolf-ear’’ tensile 
fracture was approximately y = 1.6, 
The subcritical branch of the curve ex- 
tended from y = 0.0 to y = 1.6; the 


wa 


y = 0.00 1.60 2.00 
—321 F 
Fic. 5.—Tensile Fractures for Electrolytic Tough Pitch Copper Prestrained to Indicated Surface 
Shear Strain, y, and Tested at Indicated Temperature. (Approximately X 4). 


supercritical branch of the curve ex- 
tended from y = 1.6 to approximately 
y = 2.0; and the terminal branch ex- 
tended from approximately y = 2.0 to 
approximately y = 2.5. 

The critical magnitude of torsional 
prestrain necessary to cause the rapid 
decrease in retained tensile ductility and 
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the helical type tensile fracture is inde- 
pendent of test temperature. 

It should be noted that the maximum 
torsional prestrain obtainable (y = 2.5) 
for copper at +75 F in this investigation 


: 


does not imply exhaustion of the ductility — 
for this material by this magnitude of — 
torsional strain at this temperature, for 
fracture during twisting occurred not in 
the reduced section but in the shoulder 
fillet of the torsion specimen (see Fig. © 
3(b)) where the stress concentration fac- 
tor was of the magnitude K = 1.3 (10). 
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Helical or “Wolf-Ear” Fracture: 


Tensile fractures at test temperatures 
of +75 F and —321 F for specimens of 
the annealed copper torsionally pre- 
strained to various magnitudes of sur- 
face shear strain, y, are shown in Fig. 5. 
With increasing torsional prestrain at 
both test temperatures, the tensile 
fracture was of the ductile cup-cone type 
until the magnitude of surface shear 
strain y = 1.60 was attained. At this 
value, the first tendency towards the 
helical type of fracture became evident. 
This effect became more pronounced 
with increased magnitudes of torsional 
prestrain, as is evident in Fig. 5. 

The fracture surfaces of the copper 
tension test specimens torsionally pre- 
strained to critical (y = 1.60) or greater 
than critical (y > 1.60) magnitudes of 
surface shear strain are essentially 
crystalline or brittle in nature, as con- 
trasted to the ductile or silky type of 
fracture surface at the lip of the cup of a 
tension specimen exhibiting a cup-cone 
type of fracture. 

Upon comparison of the tensile frac- 
tures, it is observed that specimens 
torsionally prestrained to equivalent 
amounts but tested in tension at different 
temperatures (+75 F and —321 F) ex- 
similar fracture appearances, 
whether fractures of the cup-cone type 
or helical “wolf-ear” type. The tensile 
ductilities at zero prestrain for the face- 
centered-cubic copper were almost iden- 
tical at test temperatures of +75 and 
—321 F. 

Stimulated by Griffith’s (11) micro- 
crack theory in which he considered 
stress concentrations at the edges of 
submicroscopic cracks as the cause of 
the lowering of the cohesive strength in 
brittle materials from a high theoretical 
value, a number of possible explanations 
of the helical tensile fractures for nor- 
mally ductile metals subsequent to pre- 
torsion have arisen. 


Swift (4) deduced that the helical 
“wolf-ear” tensile fracture was a mani- 
festation of a shear type failure because 
of the delineation of the plane of maxi- 
mum shear in tension (45 deg with 
respect to the tensile axis) by the frac- 
ture surface. He postulated that the 
effect of the torsional prestrain was to 
lower the shear stress required to produce 
a shear failure in tension rather than a 
conventional normal tensile fracture. 

Gensamer (12) preferred to consider 
the “‘wolf-ear” fracture as a normal frac- 
ture by postulating that pre-torsion had 
reduced the normal stress required to 
cause fracture on a 45-deg plane so that 
the specimen exhibited a preference to 
fracture on a plane subjected to the maxi- 
mum normal stress in torsion rather 
than on one subjected to the maximum 
normal stress in tension. 

Zener and Hollomon (13) extended 
Griffith’s theory by eliminating the as- 
sumption that cracks need be present in 
the metal prior to deformation and con- 
sidered such possible sources of crack 
formation during deformation as the 
fracture of brittle constituents or weak 
interphases. They concluded that micro- 
cracks are responsible for the helical type 
of fracture. 

Backofen ef al. (5, 6) have considered 
the helical type of fracture after pre- 
torsion from the viewpoint of aligned 
microcracks. They postulated that after 
the severe reduction of a metal by roll- 
ing, forging, etc., into a bar, all the 
cracks will be aligned parallel to the 
direction of working. During the process 
of twisting a specimen parallel to this 
direction, they considered that the cracks 
will be realigned at an angle @ with 
respect to the specimen axis, so that the 
torsional shear strain at the surface, 7, 
will be 
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where R is the distance of the crack from 
the specimen axis and ; is the angle of 
twist in radians per unit length. 
Effective Strain: 

In Fig. 4, for both test temperatures 
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Electrolytic Tough Pitch Copper Subsequent to 
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(+75 and —321F) the supercritical 
branch of each torsional prestrain curve 
extrapolated to the abscissa axis to a 
value of torsional shear strain of approxi- 
mately y = 2.48. On the other hand, each 
of the retained tensile ductility curves 
(+75 F and —321F) for tensile pre- 
strain possessed a terminal point on the 


abscissa axis equal to e, = 1.43 (the 
tensile ductility of the copper at zero 
prestrain at +75 F). It seemed reason- 
able, then, that the first step in the 
attempt to correlate the effects of ten- 
sile and torsional prestrain upon the re- 
tained tensile ductility involved the 
further consideration of these values 
(ep = 1.43 and y = 2.48). 

In order to effect the above correlation, 
consideration was given to the genera- 
lized or effective stress-strain relations 
(14): 

= (01 — 02)? + (62 95)? + (63 — 01/3] 

= + + 
where , , and are the true princi- 
pal stresses; , €2, and are the true 
principal strains; ¢ is the effective stress 
and € is the effective strain. 

From the above equation for strain: 

€, = €, for tensile prestrain, 

= ¥/+/3 for torsional prestrain, 
= e, for retained tensile ductility. 

Justification for employing this form 
of effective strain is based on the results 
of Jackson (15) and Lankford (16) who 
showed that if prestrain under a stress 
state different from tension was plotted 
in terms of effective strain, the composite 
stress-strain curve coincided with one ob- 
tained for simple tension alone. 

Figure 6 shows such a plot in terms of 
effective prestrain for copper for test 
temperatures of +75 F and —321F. 
At each temperature the supercritical 
branch (neglecting the terminal branch) 
of the curve for torsional prestrain ex- 
trapolates to the same value of effective 
prestrain as the terminal point on the 
abscissa axis for the tensile prestrain 
curve. 

Several curves showing the effect of 
torsional prestrain at room temperature 
upon the retained tensile ductility at 
room temperature (in terms of reduction 
in area) have been taken from the 
literature (4, 5, 17) and replotted in terms 
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of effective prestrain and effective re- 
tained tensile ductility in Fig. 7. 
Although for both the electrolytic 
tough pitch copper (5) and the annealed 
commercial SAE 4340 steel (17) the super- 
critical branch of the curve extrapolates 
to the same value of effective prestrain 
as the tensile ductility at zero prestrain 
of the respective metal, this is not the 
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stress s;,° versus test temperature are 
shown in Fig. 8. 

Unfortunately, there is no narrow tem 
perature range on the retained ductility 
curve which defines the transition tem- 
perature. However, by examination of 
the fractured specimens, it was possible 
by observations similar to those made 
by Eldin and Collins (18) on a mild 
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Fic. 7.—Effect of Torsional Prestrain Upon the Retained Tensile Ductility. Data for Copper 
by Backofen (5); Data for Mild Steel by Swift (4); Data for SAE 4340 Steel by Fields (17). 


case for the annealed mild steel (4). No 
explanation can be made at this time for 
the non-conformity of this latter steel. 


SAE 1020 Steel: 


Transition Temperature: 

Tension test specimens of spheroidized 
SAE 1020 steel were tested in tension at 
various temperatures in the range +75 
to —321F. The experimental curves 
for retained tensile ductility, €;, versus 

_ test temperature and for tensile fracture 


steel to determine the highest test tem- 
perature at which completely brittle 
fracture occurred in simple tension. 
At test temperatures of —260 F and 
_ below, the fracture surfaces of the tension 
specimens were entirely brittle and crys- 
talline in appearance. However, at a test 
temperature of —240 F the fracture sur- 
face contained at its center a dark, non- 
crystalline appearing, fibrous circle ap- 
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proximately 2 to 3 mm in diameter, the 
remainder of the fracture surface retain- 
ing the crystalline appearance charac- 
teristic of lower test temperature frac- 
tures. With increasing test temperature, 
the size of this dark dot increased at the 
expense of the brittle portion of the 
fracture surface until at a test tempera- 
ture of —120 F, the black circle covered 
the whole fracture surface, that is, the 
fracture was now entirely of the ductile 
cup-cone type. It was concluded that 
any test temperature at which there 
was visual evidence of a fibrous portion 
in the fracture surface was above the 
transition temperature of the steel. 
Hence, the transition temperature for 
the SAE 1020 steel was estimated to be 
—250 F. 

It is also interesting to note that the 
tensile fracture stress attains its maxi- 
mum value at this test temperature. 


Effect of Tensile or Torsional Prestrain at 
Higher Than Transition Test Tempera- 
tures: 


After tensile or torsional prestrain of 
the SAE 1020 steel at +75 F, subse- 
quent tension tests were performed at 
three different temperatures above the 
transition temperature (75, —110, and 
—200 F). 

The curves for retained tensile duc- 
tility, ey , versus prestrain in tension, €,, 
or torsion, y, at the three test tempera- 
tures are shown in Fig. 9. As expected, 
the retained ductility versus tensile pre- 
strain curve for each of these test tem- 
peratures is a straight line. The terminal 
point on the abscissa axis is equal to the 
tensile ductility (e€, = 1.26) at the pre- 
strain temperature; the terminal point 
on the ordinate axis is equal to the ten- 
sile ductility at the test temperature, 
that is, ery = 1.26 + 75 F; e, = 1.12 at 
—110 F; and e, = 0.92 at —200 F. 

At the same test temperatures, the 
curves for retained tensile ductility ver- 
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sus torsional prestrain, Fig. 9, are similar 
to those obtained for the copper (Fig. 4) 
used in this investigation. However, for 
the SAE 1020 steel, even at a test tem- 
perature of +75 F, there is no terminal 
branch to the curve as for copper. This 
factor may be due to a lack of sufficient 
ductility in torsion, that is, the maximum 
surface shear strain obtained experi- 
mentally by torsional prestrain for the 
steel was approximately y = 1.9. The 
nearly linear subcritical branch of each 
curve extends to an approximate value of 
y = 1.6 to 1.7. The supercritical branch 
of the torsional prestrain curve for each 
of the given different test temperatures 
extrapolates to the same value y = 2.17 
on the abscissa (torsional prestrain) axis. 


Helical “Wolf-Ear” Fracture: 


Figure 10 shows fractures of specimens 
of SAE 1020 steel torsionally prestrained 
at +75F to various magnitudes of 
surface shear strain and subsequently 
tested in tension at the temperatures of 
+75, —110, and —200 F. 

The photographs in column A of Fig. 
10 show the change in fracture appear- 
ance with test temperature at zero pre- 
strain (y = 0.00). Although the frac- 
tures for test temperatures of +75 and 
—110F are of the ductile cup-cone 
type, the fracture at —200 F tends to be 
more brittle in nature and exhibits the 
small dark fibrous circle at its center as 
previously described. These photographs © 
are the prototypes of fractures for tension © 
test specimens torsionally prestrained 
to less than critical magnitudes of sur- 
face shear strain. 

The photographs in Column C of Fig. | 
10 show fractures obtained for tension _ 
specimens torsionally prestrained to | 
greater than critical magnitudes of sur- 
face shear strain. It is noted that with — me 
decreasing test temperature, the appear- 
ance of the helical “‘wolf-ear” fracture 
tends to become less pronounced. This 
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change with decreasing test temperature 
is detectable with somewhat less ease 
for the fractured tension test specimens 
torsionally prestrained to critical magni- 
tudes (y = 1.6 toy = 1.7), as shown in 
column B of Fig. 11. 

The “wolf-ear” or helical type tensile 
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tensile ductilities at zero prestrain vary 
(see Fig. 10 for SAE 1020 steel). 


Effect of Tensile and Torsional Prestrain 
at Lower Than Transition Test Tem- 
peratures: 


The curves for SAE 1020 steel for re- 
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Fic. 11.—Effect of Test Temperature on the Retained Tensile Ductility of Spheroidized SAE 1020 


Steel Subsequent to Tensile or Torsional Prestrain (+75 F). 


fractures obtained at different test tem- 
peratures subsequent to equal magni- 
tudes of greater than critical torsional 
prestrain are quite similar when the ten- 
sile ductilities at zero prestrain are ap- 
proximately equal (see Fig. 5 for copper). 
But they are quite different when the 


tained tensile ductility, e;, versus pre- 
strain in tension, €p, or torsion, y, at the 
three lower than transition test tempera- 
tures (—280, —300, and —321F) are 
shown in Fig. 11. 

For tensile prestrain, the curves are of 
the type obtained by Ripling and Bald- 
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win (3) for an annealed steel. The basic 
three branches—the metastable, the 
transition and the stable branches—were 
obtained for each curve at each of the 
three test temperatures, shown schemati- 
cally in Fig. 1(d). With decreasing test 
temperature, the amount of tensile pre- 
strain necessary to attain a minimum in 
the curve decreases and the prestrain 
necessary to attain a maximum in the 
curve increases. 

The stable branch of the tensile pre- 
strain curve at each lower than transi- 
tion test temperature extrapolates to 
the ordinate axis to a value of retained 
ductility which falls on the curve ob- 
tained by extrapolating the supertransi- 
tion part of the retained tensile ductility 
versus test temperature curve in Fig. 8. 
For each of these test temperatures, the 
difference in retained ductility between 
the extrapolated curve and the experi- 
mental curve denotes that part of the 
low-temperature ductility deficiency 
which is rheotropic in nature. 

The curves for retained tensile duc- 
tility versus torsional prestrain at test 
temperatures of —280 and —300F re- 
semble those for tensile prestrain in that 
each is composed of the three usual parts, 
that is, the metastable, transition, and 
stable branches. Again, with decreasing 
test temperature, the amount of tor- 
sional prestrain necessary to attain a 
minimum in the curve decreases (includ- 
ing the —321 F test temperature), and 
the torsional prestrain necessary to at- 
tain a maximum increases. 

It was not possible to obtain data for 
specimens prestrained in torsion to sur- 
face shear strains greater than 1.45 and 
tested in tension at —321 F because all 
such specimens fractured during the 
tension test at points along the axis of 
the tension specimen which were outside 


the minimum section. 
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Fracture Appearance at Lower Than Tran- 
sition Test Temperatures: 


All of the tensile fractures obtained 
after torsional prestrain at test tempera- 
tures of —280, —300, and —321 F were 
of the brittle crystalline type (no fibrous 
dark dot at the center of the fracture 
surface). 

For a test temperature of —280F, 
helical markings were present on the 
external surface of fractured tension test 
specimens subsequent to a torsional sur- 
face shear strain greater than or equal to 
1.65, but no “wolf-ear” fractures, per se, 
were observed. For a test temperature 
of —300 F, these helical markings were 
obtained on fractured tension test speci- 
mens torsionally prestrained to a surface : 
shear strain greater than or equal to 1.55. a 

But for a test temperature of —321 F, 
not only no helical “‘wolf-ear” fractures 
but also no helical surface markings were 
observed for any of the fractured tension 
test specimens previously prestrained in 
torsion up to the experimental limit 
y = 1.45. Upon consideration of the sur- 
face shear strain gradient along the axis 
of the tension test specimen (see Fig. 3) 
after torsional prestrain, the reduction 
in section size at the center (of length) 
of the tension test specimen may have 
been of insufficient magnitude to prevent 
the specimen from fracturing at another 
point along the specimen axis at ex- 
tremely low test temperatures. 


Retained Tensile Ductility Versus Effec- 
tive Prestrain: 


Figure 12 shows curves for SAE 1020 ; 
steel of retained tensile ductility (ef- 
fective) versus effective prestrain (€, = e€, 
for tensile prestrain and é, = for 
torsional prestrain) at the three lower 
than transition and three higher than 
transition test temperatures used in this 
investigation. Since €, = e,, the curves for 
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tensile prestrain are the same as those 
shown in Figs. 9 and 11. 

The torsional prestrain curves in 
Fig. 12 are similar to those shown in 
Figs. 9 and 11 but are essentially 
compressed along the abscissa axis for 
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strain at the lower than transition tem- 
peratures are somewhat similar in shape 
(except for —321 F), the maxima and 
minima in the curves obtained for each 
mode of prestrain do not correspond in 
magnitude of effective prestrain, nor do 
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Fic. 12.—Effect of Test Temperature on Retained Tensile Ductility of Spheroidized SAE 1020 
Steel Subsequent to Tensile or Torsional Prestrain (+75 F). 


v/~/3. On the basis of effective 
prestrain, the terminal point on the 
abscissa axis for the stable branch of the 
tensile prestrain curve is identical to the 
terminal point on the abscissa axis for 
the extrapolated stable branch of the 
torsional prestrain curve at each of the 
test temperatures. However, although 
the curves for tensile and torsional pre- 


the retained tensile ductilities obtained 
under these conditions correspond in 
magnitude. 


Rheotropic Embrittlement: 


For test .emperatures of —280 and 
—300 F (Fig. 11) the stable branches 
of the retained tensile ductility versus 
torsional prestrain curves both ex- 
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trapolate to values of approximately 
ey = 1.5 on the ordinate (retained tensile 
ductility) axis. This extrapolated value 
is of greater magnitude than the tensile 
ductility of the SAE 1020 steel at +75 F. 
It is possible that the slope of the stable 
branch of the ductility versus torsional 
prestrain curve at test temperatures of 
—280 and —300 F may have been in- 
fluenced by the steep slope of the super- 
critical branch of the ductility (+75 F) 


ROZALSKY ON TORSIONAL AND TENSILE PRESTRAIN 


637 


tensile ductility versus torsional pre- 
strain curves for the spheroidized SAE 
1020 steel at the test temperatures, 
+75, —110, and —200F, in Fig. 9. 
For lower than transition test tem- 
peratures, matching up the terminal 
points by means of ¢ffective prestrain 
(Fig. 12) for each test temperature 
does not imply point for point coinci- 
dence of the curves for different modes of 
prestrain. It appears that the positions 
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Fic. 13.—Effect of Test Temperature on Tensile Ductility Subsequent to Torsional or Tensile 


Prestrain. 


versus torsional prestrain curve (Fig. 
11). This influence could explain the 
difference between the extrapolated duc- 
tility values for the stable branches of 
the ductility versus tensile prestrain and 
ductility versus torsional prestrain curves 
for each of the above test temperatures. 

The stable branch of each curve (Fig. 
11) at the given test temperatures ex- 
trapolates to y = 2.17 on the abscissa 
(torsional prestrain) axis. This value is 
identical with the extrapolated value of 
the supercritical branch of the retained 


and magnitudes of the maxima and 
minima are at least in part a function of 
the prestrain stress state. 

A reduced type of plot is shown in 
Fig. 13 for copper (face centered cubic) 
and for SAE 1020 steel (body centered 
cubic) for all test temperatures used in 
this investigation. Here, for each material 
at each temperature, the ratio of the re- 
tained ductility to the ductility at zero 
prestrain is plotted versus the ratio of the 
effective (torsional or tensile) prestrain 
to the fracture ductility. 
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Similarities between curves here are 
evident. The supercritical branch of the 
torsional prestrain curve for each of the 
above metals extrapolates to the ab- 
scissa axis to the same value (1.0 on the 
reduced plot) as the terminal point on the 
abscissa axis for the tensile prestrain 
curve. The torsional prestrain curves for 
the copper and for the SAE 1020 steel 


AND TENSILE PRESTRAIN 


in the curve decreases with decreasing 
test temperature, whereas the magnitude 
of reduced prestrain necessary to attain 
a maximum in the curve increases with 
decreasing test temperature. 

The slope of the stable branch of each 
curve (—280 and —300 F) for torsional] 
prestrain is intermediate between the 
slope (45 deg) of the stable branch of each 
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Fic. 14.—Effect of Test Temperature on Tensile Fracture Stress of Annealed _ Electrolytic 
Tough Pitch Copper Subsequent to Tensile or Torsional Prestrain (+75 F). 


at higher than transition test tempera- 
tures are relatively alike in shape. 

For the steel at the lower than transi- 
tion test temperatures of —280 and 
—300 F, each curve for tensile or tor- 
sional prestrain consists of the requisite 
three branches: metastable, transition, 
and stable. 

For both tensile and torsional pre- 
strain at lower than transition test tem- 
peratures, the magnitude of reduced 
prestrain necessary to attain a minimum 


curve (—280 and —300F) for tensile 
prestrain and the very steep slope of the 
supercritical branch of the curve ob- 
tained for a higher than transition test 
temperature (+75, —110, or —200 F). 

As previously stated, there is an elimi- 
nation of the “‘wolf-ear’’ tensile fracture 
for torsional prestrain at lower than tran- 
sition test temperatures. It appears that 
the type of tensile fracture obtained at 
any test temperature subsequent to 
critical or greater than critical magni- 
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tudes of surface shear strain is a result 
of the competitive effort between (a) the 
tendency towards a “wolf-ear’” helical 
type fracture and (0) the tensile fracture 
normally obtained for the non-pre- 
strained metal at the given test tempera- 
ture. 

Thus at higher than transition test 
temperatures, the tensile ductility at 
zero prestrain is high and the “wolf-ear”’ 
fracture manifests itself in its complete 
form. At lower than transition test tem- 
peratures, the tensile ductility at zero 
prestrain is low and hence the low-tem- 
perature embrittling effect overshadows 
the tendency towards a “wolf-ear” 
fracture—the only manifestation of 
“wolf-ear” fracture tendency consists 
of helical surface markings on the frac- 
tured tension specimen. At any inter- 
mediate test temperature, the final 
fracture appearance would be a com- 
promise between these extremes. 


Tensile Fracture Stress: 


Although the majority of emphasis in 
this investigation was placed upon a cor- 
relation of the effects of tensile and tor- 
sional prestrain upon the retained tensile 
ductility of copper and SAE 1020 steel, 
some consideration was given to a com- 
parison of the effects of tensile and tor- 
sional prestrain upon the other tensile 
fracture property, the tensile fracture 
stress. 

Copper: 

Figure 14 shows the effects of tensile 
and torsional prestrain upon the tensile 
fracture stress for annealed copper at test 
temperatures of +75 and —321 F. 

For a test temperature of +75 F, the 
fracture stress remains constant with in- 
creasing tensile prestrain. When the pre- 
strain stress state is changed to torsion, 
the fracture stress curve becomes more 
complex. With increasing torsional pre- 
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strain, the fracture stress decreases very 
slightly for less than critical magnitudes 
of torsional prestrain. At greater than 
critical magnitudes of torsional shear 
strain, the presence of the helical ‘‘wolf- 
ear” fracture is accompanied by a rapid 
decrease in fracture stress (4) until a 
torsional prestrain equal in magnitude 
to the beginning of the terminal branch 
of the retained ductility versus torsional 
prestrain curve is reached (Fig. 4). 
Thereupon the fracture stress con- 
tinues to increase with increasing tor- 
sional prestrain. 

At a test temperature of —321 F, the 
fracture stress curves for tensile and 
torsional prestrain are quite similar to 
those described above for a test tempera- 
ture of +75 F, except that there is no 
minimum exhibited in the fracture stress 
versus torsional prestrain curve. 

It is evident that not only is the attain- 
ment of the helical ‘“wolf-ear’” tensile 
fracture accompanied by a decrease in 
retained tensile ductility but also by a 
rapid decrease in tensile fracture stress. 


SAE 1020 Steel: 


Figures 15 and 16 show the effects of 
tensile and torsional prestrain upon the 
tensile fracture stress for SAE 1020 steel 
at the three higher than transition test 
temperatures and the three lower than 


transition test temperatures, respec- 
tively. 
At +75 and —110F, the tensile 


fracture stress remains constant with in- 
creasing tensile prestrain. With increas- 
ing torsional prestrain at both of these 
test temperatures, the fracture stress 
increases slightly until at approximately 
the critical magnitude of torsional pre- 
strain the fracture stress decreases 
rapidly with increasing prestrain. 

At a test temperature of —200 F, in- 
creasing tensile prestrain causes a slight 
linear increase in the tensile fracture 
stress. However, for increasing torsional 
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prestrain the fracture stress at —200 F 
remains constant for an interval of pre- 
strain, then attains a maximum value and 
finally continues to decrease with in- 
creasing torsional prestrain. The appear- 
ance of the helical ‘‘wolf-ear” fracture at 
this test temperature does not cause any 
change in shape of the fracture stress 
versus torsional prestrain curve. 

The tensile fracture stress versus ten- 
sile prestrain curves at the test tempera- 
tures of —280, —300, and —321 F are all 
quite similar (Fig. 16). With increasing 
tensile prestrain, the fracture stress in- 
creases rather rapidly, reaches a maxi- 
mum value, and then starts to descend. 

At a test temperature of —300 F, the 
fracture stress remains constant for an 
interval of torsional prestrain and then 
continually increases in a linear manner 
with increasing torsional prestrain. But 
at a test temperature of —321F, the 
fracture stress increases immediately 
with increasing torsional prestrain, and 
then with further increased prestrain the 
curve eventually flattens out. 

It should be noted from Figs. 15 and 
16 that the appearance of the helical 
“wolf-ear” fracture assumes continually 
less importance with decreasing test 
temperature in influencing the shape of 
the tensile fracture stress versus torsional 
prestrain curve at a given test tempera- 
ture. 


CONCLUSIONS 
A correlation of the effects of tensile 
and torsional prestrain upon the tensile 
fracture properties for several metals at 


various test temperatures has indicated 
that for: 


A. Copper: 


1. The curves for retained tensile duc- 
tility (+75 and —321 F) versus prestrain 
were quite dissimilar in shape when the 
prestrain stress state was changed from 
torsion to tension. 
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2. The terminal points of the curves 
on the prestrain and retained ductility 
axes may be matched (after extrapola- 
tion of the supercritical branch of the 
torsional curve to the prestrain axis) by 
considering the torsional and _ tensile 
prestrain in terms of effective or gen- 
eralized prestrain. 

3. Tension test specimens torsionally 
prestrained equivalent amounts ex- 
hibited similar fracture appearances at 
different test temperatures, whether the 
fracture was of the cup-cone or helical 
“wolf-ear” type. The ‘‘wolf-ear” tensile 
fracture was obtained after a critical 
magnitude of torsional prestrain which 
was the same for both test tempera- 
tures. 

4. The attainment of the helical ten- 
sile fracture subsequent to critical or 
greater than critical magnitudes of tor- 
sional prestrain was, in general, accom- 
panied by a severe decrease in retained 
tensile ductility and fracture stress. 


B. SAE 1020 Steel: 


1. For those test temperatures above 
the transition temperature, the helical 
‘“‘wolf-ear” tensile fracture is obtained 
subsequent to critical or greater than 
critical magnitudes of torsional pre- 
strain. With decreasing test tempera- 
ture the ‘“‘wolf-ear” fracture charac- 
teristics became less pronounced. 

2. At test temperatures below the 
transition temperature for the steel the 
“‘wolf-ear”’ type of tensile fracture es- 
sentially disappeared, being manifested 
only in helical surface markings on the 
broken tension test specimen. 

3. The degree of manifestation and 
the appearance of the helical ‘‘wolf-ear” 
fracture itself were dependent upon the 
tensile ductility for zero prestrain at the 
given test temperature. 

4. The type of tensile fracture appear- 
ance obtained at any test temperature 
subsequent to a critical or greater than 
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critical magnitude of torsional pre- 
strain was an effective compromise be- 
tween two factors: (a) the tendency to- 
wards the helical ‘“‘wolf-ear” type of 
fracture and (b) the tensile fracture nor- 
mally obtained for the non-prestrained 
metal at the given test temperature. 

5. The critical magnitude of torsional 
prestrain necessary to attain the helical 
type of tensile fracture was relatively in- 
dependent of test temperature. 

6. Although there was rheotropic be- 
havior in tension evidenced for both 
tensile and torsional prestrain, the stable 
branches of the retained tensile ductility 
curves for each type of prestrain did not 
extrapolate to the same value of retained 
tensile ductility. 
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7. When effective prestrain was con- 
sidered, the retained tensile ductility 
curves for the two types of prestrain 
matched only at the terminal points for 
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\PPENDIX 
DETAILS OF MATERIAL AND PROCEDURE 


Material: 


All material used in this investigation was 
received in the form of 3-in. diameter hot 
rolled rods. The chemical analyses for the 
copper and steel used are shown in Table I. 

Al) of the rods of SAE 1020 steel used in 
this investigation were rolled from a single. 
billet of aluminum-killed steel. 
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tures,” Journal of Applied Physics, Vol. 22, 
Oct., 1951, pp. 1296-1297. 


(9) E. J. Ripling and G. Tuer, “An Apparatus 


_ for Tensile Testing at Sub-Zero Tempera- 
tures,” Product Engineering, Vol. 20, No. 
1, pp. 103-105 (1949). 


specimens were finished to a tension test spec- 
imen of a diameter of 0.212 in. at the mini- 
mum section, as were all tension test speci- 
mens of the spheroidized SAE 1020 steel 
tested at temperatures above —280 F. 

At test temperatures below —280 F, ten- 
sion test specimens of the spheroidized SAE 
1020 steel had to be finish-machined to a 


TABLE I CHEMICAL ANALYSES, PER CENT. 
Material | Carbon | Silicon | aut ee Sulfur | Copper Iron 
sal 
SAE 1000 ateel.. .. | 0.199 0.10 0.73 | 0.009 0.044 remainder 
Heat Treatment diameter of 0.180 in. at the minimum section 
Copper: in order to avoid specimen shoulder fractures 


The copper rods were annealed at 900 F 
for 1 hr and then air cooled. 


SAE 1020 Steel: 


Rods of this material were annealed at 
1700 F for 1% hr, furnace cooled to room 
temperature, spheroidized at 1300 F for 120 
hr and finally furnace cooled. 


SPECIMENS 
The torsional prestrain specimens for all 
the materials used in this investigation were 
of the type shown in Fig. 3(6). The reduced 
section only of the specimen was actually 
twisted, the ends of the specimen being re- 
strained in the jaws of the torsion machine. 
Tension test specimens of the type shown 
in Fig. 3(a@) were machined from the center 
of the reduced section of the prestrained 
torsion specimen. 


All of the torsionally prestrained copper 


and to prevent damage to the tension testing 


equipment. 
EQUIPMENT AND TEST PROCEDURE 


A commercial type torsion machine with 
a 10,000 lb-in. maximum torque capacity 
was used to effect torsional prestrain. All 
torsional prestrains were performed at a 
strain rate of 120 deg per min. 

A 60,000-lb capacity commercial type 
hydraulic tension testing machine was used 
for both tensile prestrain and for the subse- 
quent tension test after either torsional or 
tensile prestrain. A specially constructed 
loading fixture (19) yielding an eccentricity 
of less than 0.001 in. was used for both the 
tensile prestraining and tension testing. 

The time interval between the tensile 
prestrain and the tension test was about 4 
hr; but when the prestrain was torsional in 
nature, the interval between prestrain and 
tension test was longer because of the time 
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required to machine a tension test specimen 
from a specimen prestrained in torsion. 

The magnitudes of tensile prestrain and of 
retained tensile ductility were obtained by 
means of diameter measurements made with 
a microcomparator prior to and subsequent 
to each particular strain. 


The coolants used for the low-temperature 
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tests were: woe 


—40 F to —110 F Isopentane and dry ice 
—110 F to —240 F Isopentane and liquid nitro- 
gen 
—260 F to —300 F Nitrogen vapor from boiling 

liquid nitrogen 
Liquid nitrogen at boiling 
point 


—321 F 
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EFFECT OF BRITTLE SKINS ON THE DUCTILITY OF METALS*}_ 
By G. W. Form! anp W. M. Batpwiy, Jr.’ 


Brittle skins (for example, carburized cases) embrittle an otherwise duc- 
tile metal to a greater degree than would be anticipated by the percentage 
of bulk that the skin occupies. Evidence is adduced to show that in tension 
tests on metals with brittle skins, the skin cracks at a negligible strain, and 
that from this point on the test is merely a notch tension test of the core. 
This points out, among other things, that notch-sensitive steels are ill-suited 


for carburizing purposes. 


SYNOPSIS 


ow 


Many metals acquire brittle skins 
during processing. Carburized steels are 
one example. The literature contains 
many references to this problem, all 
of which suggest that a brittle skin is 
capable of embrittling a metal out of all 
proportion to the percentage of bulk 
that the skin itself occupies. 

In 1921 Brearley (1)* reported that 
the impact toughness of a low-carbon 
steel is reduced to less than one-fifth 
of its original value when the steel 
is carburized. Zapffe and Haslem (2) 
observed a sharp decrease in bending 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

t This paper is based on a portion of a re- 
search program (“The Effects of Stress Concen- 
tration and Triaxiality on the Plastic Flow of 
Metals”) conducted in the Department of 
Metallurgical Engineering, Case Institute of 
Technology, in cooperation with the Office of 
Naval Research. 

Formerly Research Assistant, Department 
of Metallurgical Engineering, Case Institute of 
Technology, now National Research Council 
Fellow, Ecole Polytechnique, Montreal, Canada. 

? Research Professor, Case Institute of Tech- 
nology, Cleveland, Ohio. 

>The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 658. 
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angle of chromium-plated stainless steel 
wire in comparison with the bare wire. 
Wyatt and Grant (3) concluded that 
regardless of temperature and time of 
nitriding, nitrided titanium specimens 
were always brittle. Spencer (4) showed 
that nickel steels suffer a considerable 
loss in ductility after nitriding. Floe 
(5) reported a drop of reduction of area 
from 59.4 to 43.4 per cent when nitralloy 
was nitrided. 

Moreover, some apparently brittle 
metals can be rendered ductile by pick- 
ling or grinding off relatively small 
thicknesses of the surface, as for ex- 
ample, tungsten (6), chromium (6,7), 
molybdenum (6), titanium (8), and hy- 
drogen-embrittled steel (9). While Kroll 
(6) maintains that no conclusion can yet 
be reached as to the factors responsible 
for eliminating brittleness in the metals 
by pickling, other investigators (7,8) 
definitely associate the improvement 
in ductility with the removal of im- 
purities in the surface. This implies, 
of course, that a contaminated metal 
surface exerts an embrittling effect. 

Mention should be made here of the 
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Fic. 1.—Standard Size Tensile Specimen 
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iodide 
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cussion where only polycrystalline aggre- 
gates are dealt with. 


RESULTS AND DISCUSSION 


Experimental Series A: 


A general survey of the effects of 


brittle skins on otherwise ductile metals 
was made for (a) oxidized high-purity 
titanium, 
303 stainless steel, (c) hydrogen-em- 
brittled tough-pitch copper, (d) chro- 


(6) nitrided AISI 


TABLE 1.—SURFACE EMBRITTLING TREATMENTS. 


| 


Embrittlement Data | Maxi- 


Embrittling Process Base Metal | ‘Tem- Time of oo | Remarks 
| perature, | Exposure, Depth, | 
| deg Fahr hr m. | 
Oxidation........ High - purity - | 1650 8 0.0045' Electrically heated furnace with 
iodide _ tita- an air atmosphere. Oxidation 
nium | below the a-§-transformation 
| | (1620 F) did not result in em- 
brittlement after an exposure 
| | | time of 8 hr. 
| | 
Nitriding........ | AISI 303 stain- 1040 15, 48 ‘0.006 ““Malcomizing”’ patent. Only thin 
less steel cases can be obtained, since ac- 
| cording to Floe (5) and Boyer 
i \ (21) the high alloy content ap- 
| parently slows down the dif- 
| fusion rate of nitrogen. 
Hydrogen Em-| Tough - pitch | 1100 | 0.2 up 0.106 Hydrogen gas at a slightly posi- 
brittlement..... | copper (soft) | to 16) tive pressure in a tube furnace. 
Carburizing...... SAE 1020 steel | 1650 ; 0.5 up (0.080 Pack-carburized using charcoal. 
| to 
Hard Chromium | | 
ae Commercially 140 0.1 up 0.012 | Lead anode. A chromium layer 
pure copper to 4 exceeding about 0.012 in. chips 
(Drawn rod) off easily under tension and 
| | | thus hardly interferes with the 
| | | | deformation process beyond 
| | this thickness. 
Induction Hard- 
SR oaee neue SAE 4340 steel | approx. 0.007 | Current frequency of 450,000 cps. 
1550 '  Stress-relieved at 300 F for one 
| | hr after induction-hardening. 
thermal hardening (10-12) and the Reh- mium-plated copper, (e) carburized 
binder effect (13-15), since both phe- SAE 1020 steel, and (f) induction- 
nomena originate from a contaminated hardened SAE 4340 steel. 


surface. These phenomena are observed 
in single crystals only, however, and 
are disregarded in the following dis-. 


Tension 


specimens were machined 


from 0.5-in. diameter rod to the dimen- 


sions show 


n in Fig. 1 and then given 
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brittle skins of varying thicknesses as 
detailed in Table I.4 Figure 2 gives the 
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but falls off more slowly at greater case 
thicknesses. Percentagewise, the loss | 
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Case Depth, in. 
Fic. 2.—Ductility of Surface-Embrittled Metals as a Function of Case Depth. 


ductility of these metals as a function 
of skin depth.*® 
The ductility drops rapidly at first 


‘A different procedure was followed for the 
induction-hardened steel specimens because of 
the difficulty in obtaining a standard type speci- 
men with a uniform, thin hard case. The corre- 
sponding specimens were machined from 0.300 
in. diam rods which were already hardened. 

5’ Thickness measurements of the brittle sur- 
face layers (average of four readings) were made 
on polished cross-sections, using the micrometer 
stage of a microscope. In the case of the car- 
burized SAE 1020 steel and the hydrogen-em- 
brittled copper, the brittle skin did not have a 
sharp boundary (see Figs. 3(d) and 3(f)). The 
thickness of these skins was measured on an 
etched section with a Filar eyepiece under a 
small magnification only, so that the embrittled 
area appeared to be a solid band. This method 
yielded thickness values that fell somewhere in 
the diffuse boundary. The values indicating the 
thickness of the surface layer of oxidized tita- 
nium pertain to the thickness of the oxygen- 
nitrogen-saturated metal region only, since the 
external scale flakes off easily during testing and 
does not interfere with the deformation be- 
havior. 


in ductility arising solely from a geo- 
metric effect would be linearly propor- 
tional to the bulk which the skin oc- 
cupies, assuming that the skin is 
completely brittle. However, a plot of 
the ratio of the ductility with a case e, 
to that without a case e, as a function of 
the percentage of embrittled cross-sec- 
tional area, Fig. 4° shows that the curve 
for each metal drops faster than a 45 
deg line, indicating that each metal is 
embrittled to a greater extent than to 
be expected from a pure gecmetric 
effect. The departure from a 45 deg 
line is most pronounced with the ni- 
trided steel. 


6 The fact that the skin of hydrogen-embrit- 
tled copper displayed some ductility was taken 
into consideration by subtracting the ductility 
value of the case alone (taken at total penetra- 
tion of hydrogen from Fig. 2 and equal to 0.2) 
from both ¢, and ¢€,, so that the ordinate a 

— 0.2 


— 0.2° 


in Fig. 4 for copper represent the ratio = 


| 
| > aa 
| 
AG 
| 
| 
on 
on 
te) ; 
re 
‘ 
| 
er 
Be 
lif- 
| 
ce. | | 
yer 
\ips 
and 
the | 
ond 
: 
— 
one 
ig. 
| 
jon- 
ned 
iven 


FoRM AND BALDWIN 


“(og X) saddoa (2) "(09 X) [9995 EOE ISTV PPIPLIIN 


‘NISvOOO 


oppor 


“(gL X) 


pozipixQ (v) 


| 648 
| 
¥ 
NI 
= 
NI 9000 
| 
4 
| j 
ot 
| 


‘(09 X) 
_daddos youtd-ysno} pay 


AE 


NI 820° 


‘NI OvO'O 


‘(payeoipuy sv sapuy aseg xIg ay} UO 


‘(og 


X) 1938 AVS (a) 


‘(SL X) 19998 AVS 


& 
‘ 
On DuctILity oF Metars 
. : = 
> 

— 


650 
Experimental Series B: 
A second series of experiments was 
run to establish the trend of the ductility 
recovery upon gradual removal of the 
skin and to determine whether the em- 
brittlement of the specimens as a whole 
was due to the presence of the skin 
alone or not. 
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Fig. 2) when the entire embrittled case 
was ground off. This indicates that the 
brittle skin is solely responsible for the 
loss in ductility and that the core did 
not suffer any permanent damage during 
the surface-embrittling treatment. 

It is instructive to inquire whether 
the ductility of a specimen with a given 
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Fic. 4.—Ductility Ratio of Embrittled to Non-Embrittled Specimens as a Function of Per cent 


Bulk Occupied by the Skin. 


About ten specimens of each material 
were embrittled to the same case depth 
(which, however, varied from material 
to material). Before testing, a portion 
of the original layer was removed by 
grinding. The test results, Fig. 5, illus- 
trate how the ductility was increased by 
removing surface layers from the em- 
brittled skin, reaching the ductility 
level of the base metal (compare with 


case depth reached by exposure to an 
embrittling atmosphere is the same as 
that with the same case depth reached 
by grinding off part of the skin of a 
thicker case. A comparison of these 
values for hydrogen-embrittled copper, 
carburized steel, and nitrided stainless 
steel Fig. 6 suggests that the ductility 
is the same for specimens with an “as- 
embrittled” surface and an “‘as-em- 
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brittled - and - ground” surface.’ (This 
comparison was not made for the other 
three materials studied due to the 
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siderably higher than that of the under- 
lying metal, with the exception of hydro- 
gen-embrittled copper which showed 


limited data.) 


Initial Coase Depth Initial Cose Depth 
20.006 in. = 0.004 in. 
‘16 - 
J Initio! Case Depth 
14 20.0045 in. 
° 
10 
0° ° 
= f 
o6 
= 04 
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of 


that the hardness of the case was con- 


cated for thin case depths of hydrogen-embrit- 
tled copper and carburized steel may be due to 
the uncertainty in determining the thicknesses 


of 


brittling processes do not give a sharp demarca- 
tion between case and core. 


little, if any, difference in hardness from 
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Fic. 5.—Ductility Recovery by Removing Surface Layers from Surface-Embrittled Metals. 


Microhardness tests of one specimen 
each embrittled metal, Fig. 7, showed 


case to core. From Figs. 3 and 7 it is 
seen that a sharp change in hardness 
defines a sharp boundary between 
case and core, while a gradual change 
in hardness defines a gradual transition 
from case to core. Similarly, the hard- 
ness results can be related qualitatively 
to the ductility recovery evidenced in 
Fig. 5; that is, upon removal of the skin, 


5 The slight effect of surface condition indi- 


the embrittled skins since both of these em- 
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Brittle Skins. 


a steep increase in ductility occurs when 
the hardness drops sharply at the case- 
core boundary, while a gradual rise in 
ductility is associated with a gradual 
| decrease in hardness from case to core. 
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Fic. 6.—Comparison of the Effect of Surface Condition on. the Ductility of Various Metals with 


(An exception is hydrogen-embrittled 
copper.) It is important to note that the 
ratio of case to core hardness is no 
measure of the degree of embrittlement 


to be expected. 
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Experimental Series C: 


Scattered micrographs of interrupted 
tension tests (Fig. 8) show that, in 
contrast with the fracturing of a ductile 
round bar (16-18), cracking of a surface- 
embrittled specimen starts in the skin 
and propagates inwards toward the core. 
These cracks appear to stop near the 
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the case were ground off. As Fig. 9 
shows, once the skin was totally re- 
moved, the ductility of the core was 
equal to that of the virgin stock less 
the prestrain. If the cracks had ex- 
tended into the base metal the ductility 
of the core would have been less than 
this value. 
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boundary between case and core and 
penetrate farther into the core only at a 
late stage of the tension test. This is 
Suggested by tests in which specimens 
with brittle skins were strained up to 
about one-half of their ductility. Before 
these specimens were subsequently 


pulled to fracture, various amounts of 


Distance from the Surface, in. x 107* 
nd Fic. 7.—Distribution of Microhardness of Surface-Embrittled Metals. 


Experimental Series D: 


The above results, if inconclusive, 
at least suggest that the effect of a brittle 
skin on the over-all ductility of a metal 
part can be rationalized on the basis 
that the skin cracks early upon stressing 
and from that point on the test becomes 
a notch tension test of the underlying 
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(a) Nitrided AISI 303 stainless (b) Chromium-plated copper (X50). 
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(c) Pack-carburized SAE 1020 d) Hydrogen-embrittled tough-pitch (e) Induction-hardened SAE 
steel (X 75). copper (X 30). 4340 steel (X 50). 


Fic. 8.—Cracks Appearing upon Straining of Surface-Embrittled Metals. 
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core, the depth of the notch being 
roughly that of the brittle skin.® 
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coincide amazingly well.!° Furthermore, 
the data for hydrogen-embrittled copper 
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Fic. 9.—Retained Ductility of Prestrained Specimens as a Function of Skin Removed from 


Surface-Embrittled Metals. 


— Retained ductility; — - — Total ductility replotted from Fig. 5. 


To check this possibility, a series of 
notch tension tests (see Fig. 10 for 
dimensions of test specimens) was run 
on the SAE 1020 steel in the uncar- 
burized condition. The ductility of this 
steel with different notch depths is 
given in Fig. 11(a) together with the 
ductility of the same steel with different 
case carburization depths. The curves 


*In a microsection of the skin of hydrogen- 
embrittled copper such as Fig. 3(f) the voids ap- 
pear to be discontinuous. It is possible that they 
are connected giving cracks clear through the 
skin. Cracking of the skin “early upon stressing” 
might be interpreted as “before stressing” in this 
instance. On the other hand, these voids do not 
appear to be as fully developed as the cracks de- 
veloped after some stressing (see Fig. 8(d) where 
the cracks now are quite similar in nature to 
those found in the other skins. To form cracks 
running completely through the hydrogen-em- 
brittled skin, some stressing is necessary as was 
the case, for example, in those specimens that 
were completely penetrated with hydrogen- 
embrittlement but which still displayed a duc- 
tility of about 0.2 before breaking (see Fig. 2). 
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Fic. 10.—Notched Tensile Specimen of Vary 
ing Notch Depth and Notch Angle Used in 
the Study of the Notch-Sensitivity of SAE 1020 
Steel (Notch Radius Less Than 0.001 in.) 


agree with Ripling’s data (19) for the 


notch tensile ductility of copper (see 
Fig. 11()). 
This evidence strongly favors the 


10 It would hardly be expected that the curves 
would coincide exactly. The angle and sharp- 
ness of the crack formed in the carburized core 
is not known exactly, nor is the boundary be- 
tween the carburized case and the core sharply 
defined. Moreover the ductilities are calculated 
in a slightly different manner. The diameters at 
the root of the notch before and after fracture 
are conventionally used in the notch tensile test 
in the formula e = 2 In d,/ds. The diameters 
before and after fracture outside the skin are 
used in the samples with brittle skins. 
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idea that to a close approximation the 
ductility of a metal with a brittle skin 
is given directly by the ductility ob- 
tained in a notch tension test with a 
sharp notch of the same depth as the 
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Moreover, this correlation would 
explain why the performance of case- 
carburized parts is so dependent upon 
the core. If the core is notch sensitive 
it should not be used in case-carburized 
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Fic. 11.—Effect of Notched or Brittle Skin Area on Ductility. a 
This immediately explains why a Experimental Series E: 
brittle skin drops the ductility of a To test this prognostication, the 


metal more rapidly than would be ex- 
pected from consideration of the area 
occupied by the skin only, for the notch 
ductility versus notch depth curves for 
metals in general follow such a path 
(see Fig. 11 for SAE 1020 steel and 
copper, Ripling (20) for SAE 1340 
steel, Ripling (19) for face-centered cubic 
metals, a 


ductility of a highly notch-sensitive 
material was determined after carburiz- 
ing to various case depths. An SAE 
1340 steel tempered at 600 F was chosen. 
Ripling (20) has shown that the duc- 
tility of this material is sharply lowered 
by very shallow notches, because they 
raise the transition temperature to 
above room-temperature. Fig. 12(a) 
gives the ductility of this steel as a func- 
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tion of carburized case depth. Although 
the steel has a fairly good ductility by 
itself, € = 0.65, a relalively thin case 
depth drops the ductility of the metal to 
virtually zero. This behavior can be 
contrasted with that of case-carburized 
SAE 4620—one of the more standard 
carburizing steels—which, as Fig. 12(0) 
shows, is not affected by the brittle 
case or by notches any more than 
chromium-plated copper, for example. 
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embrittled metals under investigation 
cracked early in the tension test, thus 
introducing a circumferential notch 
into the specimen. The extension of 
the initially formed crack into the core 
did not take place until at a late 
stage of the test. 

2. The ductility behavior of a 
metal under the influence of a vary- 
ing case depth followed virtually the 
same pattern as that of the same metal 
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Fic. 12.—Effect of Notched or Brittle Skin Area on the Ductility of Steels. ’ 
(@) SAE 1340 steel, tempeted at indicated temperatures. 


(b) SAE 4620 steel, furnace cooled from 1650 


SUMMARY 


The results presented here strongly 
suggest that a brittle skin on an other- 
wise ductile material is essentially 
equivalent to the introduction of a 
“potential” notch into the metal. 

The principal points of evidence for 
the analogy between the mechanical 
behavior of a specimen with a brittle 
skin and that of a notched specimen 
are: 

1. The skin of each of the surface 


F. 


(but without a brittle skin) under the 

influence of a varying notch depth. 

This analogy persisted with notch 

sensitive as well as notch insensitive 

metals. 

It should be borne in mind, of course, 
that the simple interpretation suggested 
here of the effect of a brittle surface 
layer on a ductile core in terms of the 
notch tensile behavior of the basis 
material alone should be tempered by 
other considerations. Some _ electro- 
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plates may be brittle enough, for ex- 
ample, to crack early in a_ tension 
test, but they may also have no ad- 
herence whatsoever and flake off before 
introducing a surface notch into the 
core (see Table I, for example) ;" resid- 
ual stresses induced by the surface 


1! Shedding of the skin could be anticipated 
on the basis that the ductile core would “pull 
away”’ from the brittle skin during the lateral 
contraction of the specimen on tensile straining. 
That shedding was an exception rather than the 
rule is a fact and speculation must yield to it. 
Possible reasons why shedding was not encoun- 
tered may be due to such facts as the follow- 


embrittling procedure (5,21-25) may 
place a different stress state around the 
nose of a crack induced by stretching a 
surface-embrittled metal than that which 
exists at the base of a machined notch, 
etc. 

ing: the brittle skin in following the ductile 
core radially inward would develop compressive 
hoop stresses (which are less conducive to crack- 
ing than the axial tensile stresses) and tensile 
radial stresses but these will be much smaller 


than the axial tensile stresses (especially for 
thin skins) by reasons of geometry alone. 
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DISCUSSION 


Messrs R. E. RicKsecKER' AND T. S. 
Howa.p! (presented in written form).— 
The work carried out in this paper was 
of real interest to us in the copper in- 
dustry from two aspects: (1) the quanti- 
tative evaluation of the effect of hydro- 
gen embrittlement on loss of ductility, 
and (2) the profound effect of chromium- 
plated skins on subsequent ductility of 
the base metal. 

To define further the effect of varying 
degrees of embrittlement upon the duc- 
tility of tough pitch copper strip, we 
submitted samples of annealed tough 
pitch copper strip to the authors who 
undertook the controlled embrittlement 
of them by heating in hydrogen at 1100 F 
for varying lengths of time from 5 to 
240 min. 

Ductility measurements were made 
by means of an Erichsen cup tester and 
cup depth at fracture is plotted as a 
function of depth of embrittlement as 
shown in the accompanying Fig. 13. 

The loss of ductility was most pro- 
nounced for the thinnest gage (0.009 
in.) tested. It is interesting to note that 
in those cases where the strips (0.009 
and 0.032 in.) were completely embrit- 
tled that the ductility did not drop to 
zero, indicating that some ductility is 
still available in the embrittled section. 
A sample of strip heated in air at 1100 F 
for 240 min had the same cup depth 
value as the original material, showing 


‘ Metallurgical Director, Mechanical Metal- 
lurgist, respectively, Chase Brass & Copper 
Co., Ine., Midwestern Div., Euclid, Ohio. 


that changes in grain size had no effect 
on the ductility of the copper, and 
thereby indicated that the ductility loss 
reported above is attributed to embrit- 
tlement. 

The loss in ductility for even a very 
shallow embrittlement is sufficient in 
many cases to affect seriously the com- 
mercial forming of copper strip in gages 
below 0.010 in. 

With regard to the effect of plated 
skins, we had an interesting customer 
problem concerning the cracking during 
forming of chromium-plated copper 
articles. These parts were drawn from 
copper strip, chromium plated, and then 
further formed, at which point some 
cracking occurred. The cracking was of 
a variable nature, some parts failed and 
some did not. Examination of several 
lots of specimens indicated that drawn, 
but not chromium-plated parts, would 
take further forming, thus indicating 
some effect due to the plating. 

Micro-examination indicated that 
those parts that failed had a chromium- 
plated thickness of about 0.001 in. while 
the satisfactory chromium-plated and 
formed parts had a plating thickness of 
about 0.0003 in. The real effect of this 
plate thickness was critically demon- 
strated by taking chromium-plated parts 
from the batch that consistently failed 
(and had a plate thickness of 0.001 in.) 
and reducing the plate by controlled 
dissolving of the chromium in an HCl 
bath. When the plate was reduced to 
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about 0.0003 in. by this method, the 
part would then successfully form. 

Figure 14 shows the effect of such 
chromium-plated skins on the limits of 
expansion of hard temper copper tube 
when expanded on a 69-deg conical pin. 
A plate thickness of 0.001 in. is sufficient 
to. cause a loss of about 43 per cent in 
ductility, which is quite significant in 
many forming operations. 

These commercial findings are in ex- 
cellent agreement with the basic findings 
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Fic. 13.—Effect of Hydrogen Embrittlement 
on Ductility of Copper Strip. 


of this paper and should be given serious 


consideration in design and fabrication 
_ of commercial components. 


Mr. O. O. MIL_erR.2—This paper may 
be of a good deal of interest to people 
using carburizing steels. For many years 


the manufacturers of roller bearings and 


gears and such things have recognized 


that with carburizing steels there was a 


tremendous difference between the dif- 
ferent types that showed up in very se- 
vere uses, such as truck gears, heavy 
roller bearings, and things like that. 


2 International Nickel Co., Research Labo- 
ratory, Bayonne, N. J. 
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A suitable laboratory test has not 
been forthcoming to date to duplicate 
such service tests. Possibly this offers a 
good practical method to do it. Further 
work will be needed, in that direction. 

Messrs W. G. Form AND W. M. Batp- 
WIN, JR. (authors’ closure) —The findings 
submitted by Messrs. Ricksecker and 
Howald supplement very nicely the data 
presented in our paper, in that they give 
further evidence that the pronounced 
loss in ductility due to a very thin brittle 
layer is not confined to ordinary tension 
tests only. It would be most informative 
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Fic. 14—Expansion Limits of Chrome Plated 
Phosphorus Deoxidized Copper Tube. 


to carry out Erichsen tests on the same 
material (annealed tough pitch copper), 
but on samples provided with an ap- 
propriate notch instead of an embrittled 
layer. Thus the main point stressed in 
our paper, namely, the apparent analogy 
between the mechanical behavior of 4 
specimen with a brittle skin and that 
with a notch could be checked under 
more severe stress conditions than was 
done by us. 

A point of particular interest is the 
influence of the gage thickness—shown 
in Fig. 13 of the discussion—to the effect 
that under a given embrittling condition 
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the loss in ductility increases with de- 
creasing strip thickness. A replot of these 
data in terms of percentage loss in ductil- 
lity versus percentage embrittled area 
somewhat reduces the apparently strong 
dependency upon strip thickness but 
pronounced differences in degree of em- 
brittlement between the various thick- 
nesses persist. 

We have also carried out some tension 
tests on geometrically similar specimens 
of nitrided stainless steel in order to study 
the effect of specimen size on the degree 
of embrittlement. However, in the range 
we examined no size effect was observed. 
It is well known that the Erichsen test 
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is very gage sensitive, in that the height 
of the cup formed decreases as the gage 
thickness is reduced. It is fair to assume 
that the increased brittleness of thin 
gages has its adverse effects on the notch 
behavior of the material, what might 
account for the sharper drop in ductility 
of plated or hydrogen-embrittled thin 
specimens, than this is the case for 
thicker ones. 

The authors wish to express their ap- 
preciation to Messrs. Ricksecker and 
Howald for their interesting contribution 
and to Mr. Miller for emphasizing the 


industrial interest in this paper. 


é 


4 


— 
not 
icate 
ers 
‘ther 
on. 
ALD- 
and 
data > 
give 
nced 
‘ittle 
sion 
| 
| ; 
rad 
| 


tad kt 


coy 


Lave, 


q NOTCH TENSILE BEHAVIOR OF FACE CENTERED CUBIC METALS* 


By E. RIPuinc! tal pitas inf 


fe 
havea The notch insensitivity of face-centered cubic metals when tested at a 


_ constant rate and testing temperature was found to be a linear function of 


_ the unnotched strain hardening exponent. 


What are the inherent characteristics 
of a material that determine its behavior 
in the presence of notches? In the answer 
to this question lies the possibility of 
designing materials that are insensitive 
to many adverse loading conditions, as 
well as the possibility of predicting notch 

performance without the necessity of 
notch testing. 

One of the most perplexing aspects of 

deducing notch behaviors from un- 
notched properties results from the fact 
that similar materials are not equally 
harmed by the introduction of notches. 
Many materials whose engineering. ten- 
sile properties are almost identical per- 
form quite differently in the presence of 
notches. Yet the component features that 
differentiate a test using a smooth bar 
(from which engineering data are col- 
lected) from one employing a notched 
test section, that is, the development of 
a stress concentration and transverse 

_ tensile stresses, are completely defined 

(at least before the specimen is strained) 

by the geometry of the test piece and are 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

'Formerly Department of Metallurgical 
_ Engineering, Case Institute of Technology, 
- Cleveland, Ohio; now with Continental Can Co., 
Central Research and Engineering Div., Chi- 
engo, Il. 
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independent of the material being tested 
Of these two embrittling conditions that 
are developed on the introduction of a 
notch, stress concentration and _tri- 
axiality, only the latter remains effective 
after the test specimen has undergone a 
slight amount of plastic flow. According 
to Sachs and Lubahn (1)? an average 
strain of about two per cent overcomes 
the stress concentration, so that the 
presence or absence of transverse stresses 
is the only difference between notched 
and unnotched bars after small deforma- 
tions. 

The notch performance of any product 
whose notch ductility is in excess of a 
few per cent then should be deducible 
from its unnotched behavior by consider- 
ing only the action of a transverse tensile 
stress superimposed upon the applied 
longitudinal stress. The notch ductility 
of a metal may be either slightly or 
greatly in excess of a few per cent depend- 
ing on its ability to deform in the presence 
of triaxial tensile stresses or else depend- 
ing on its ability to attenuate the 
transverse stresses on straining. 

Transverse stresses are developed in a 


? The boldface numbers in parentheses refer to 
the list of references appended to this paper, see 
p. 671. 
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notched bar of the type shown in Fig. 
1(a) as a result of the flow restraint that 
each cross-sectional element imposes on 
its smaller neighbor. The application of a 
load, P, to the cylindrical portion of the 
test specimen develops a stress equal to 
P/A in the cylindrical part of the bar. 
The reaction to this stress is, of course, 
a contraction which is uniform along the 
length of the cylinder. The application of 


| 


(b) | 
| 
Fic. 1.—Schematic Representation of Notch- 


Bar Contour and Variation of dA-dZ Along Its 
Length. 


the load, P, produces a stress larger than 
P/A in the notched section immediately 
adjacent to the cylinder because of its 
reduced cross-section. This larger stress 
tends to produce a larger unit contraction 
in each cross-sectional element of the 
notched portion of the bar than is pro- 
duced in its larger adjacent neighbor. 
Since the cross-sectional elements in the 
notched section must remain compatible, 
each element in the reduced portion of 
the bar imposes a transverse tensile 
stress onto its smaller neighbor in order 
to restrict this excessive contraction. 
Hence, the transverse stresses are seen 


to develop from the difference in contrac- 
tile tendency of the various elements 
along the length of the notched section. 
If a metal is sufficiently ductile to allow 
plastic flow of all the material in the 
vicinity of the notch bottom, the con- 
tractile tendency of each element in the 
test section is dependent on the product 
of the flow stress and the cross-sectional 


TABLE I. 


Material . Treatment 


Annealed copper Annealed at 900 F for 1 
hr, air cooled 
Annealed at 1400 F for 1 
hr, air cooled 
Annealed at 1700 F for 1 
hr, air cooled 
Stress relieved at 1500 F 
for 1 hr, air cooled 
Solution heat treated at 
920 F for 1 hr, water 
quenched, aged 4 
days at room tem- 
perature 
.| Solution heat treated at 
900 F for 45 min, 
water quenched, aged 
210 F for 5 hr, 315 F 
for 10 hr 


Annealed nickel 
Annealed monel 
AISI 


310 stainless 


248-T4 aluminum.... 


75S-T6 aluminum... 


area, that is, it is dependent on the load 
necessary to produce plastic flow in each 
cross-sectional element. Consequently, 
the triaxiality (ratio of transverse to 
longitudinal stress) within rather wide 
limits, is a function of the manner in 
which the tendency to contract (flow 
stress X cross-sectional area for plastic 
strains) changes with position along the 
specimen axis, 


A 


de as! 


(1a) 
where: 


T = triaxiality, © 

k = flow stress, 

A = cross-sectional area, and 

L = axial distance from cylindrical por- 
tion of test bar. 
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So long as & is a constant, the second 
term in Eq 105 equals zero, and the tri- 
axiality is a function of specimen ge- 


ometry ) only. The quantity dé /dL 


varies as shown in Fig. 1(d). The inte- 
rated value of dA/dL is seen to be 
highly dependent on the notch depth and 
notch angle, but only slightly dependent — 
on the radius at the notch bottom before 
straining.’ 
dk 
Although aL 
start of any test, & increases with plastic 
strain for all materials that strain harden. 
Since the strains along the length of the 
test specimen increase as A decreases, 
the product of these two terms (k X A) 
changes at a continuously slower rate 


is equal to zero at the 


nitude of triaxiality decreases with strain. 
Practically all metals strain-harden so 
that for any real metal, strain continu- 


that was imposed upon the notched bar 
by the specimen’s geometry. The rate at 
which the product (k X A) decreases 
with deformation depends on the metal 
being strained. The yield strength, &, 
changes with strain at a rate which is 
given by the well-known strain hardening 
exponent, #, in the empirical equation, 


..@) 


3 This is in agreement with the analysis of 
Sachs and Lubahn who state that variations in 
notch radius over a rather wide range do not 
appreciably change the triaxiality in a notched 
tensile bar, although they do materially alter the 
stress concentration factor (1). These authors 
also state that the triaxiality was little changed 
by permanent strains; but, since their data was 
all collected on high strength steel, all their 
strains as well as the strain hardening exponents 
were quite small. 


. 


along the length, Z, of the notched sec- 
tion as strain proceeds; hence the mag- 


ously attenuates the initial triaxiality — 
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Equation 1a can be rewritten as, where: 
T = ff dA +A dL.... (16) ky = flow stress at a strain of = 
dL and 


natural strain, 


The higher the strain hardening expo- 
nent of a material, the greater is the rate 


at which ee) decreases with strain, 


art 
32 e Mark 
0.212+0.001 


‘Largest Convenient Radius 
0.030 rad 


0.300+0 


= 


0.212£0,001 


0.030 rad 


Notch rad <OOOI 


0300+0.0005 


*0.D. Variable 


Fic. 2.—Test Specimens. 


and, hence, the greater the rate at which 
the triaxiality and the embrittlement of 
the material are eliminated. 

In order to determine whether or not 
the strain hardening rates do govern 
notch performance, the behavior of 
several metals in the presence of notches 
was compared with their strain harden- 
ing exponents. The notch properties of 
metals which exhibit a transition tem- 
perature are to a large extent dictated 
by the transition behavior of the metal 
(2, 3). Consequently, the simpler-behav- 
ing face-centered cubic metals were se- 
lected for this investigation. Six face- 
centered cubic metals representing a wide 
range of strain hardening exponents were 
tested under varying notched conditions 
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in order to correlate their notch behaviors 
with their strain hardening exponents. 
MATERIAL AND PROCEDURE 


The materials used in this investiga- 
tion were annealed copper, an annealed 


chining to the dimensions shown in 
Fig. 2. 

Two notched test series were con- 
ducted on these materials, one at room 
temperature and one at —321F. All 
tests were performed at a strain rate 
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Fic. 3.—Notch Strength as a Function of Notch Depth for a Variety of Face Centered Cubic 


Metals Tested at Room Temperature. 


austenitic stainless steel (AISI 310), 
annealed nickel, annealed monel, and the 
heat-treated aluminum base alloys, 
24S-T4 and 75S-T6,—all heat treated as 
shown in Table I. All specimens were 
completely heat treated before final ma- 


equivalent to a movement of the test 
machine head of approximately 0.05 in. 
per min in a specially designed fixture 
that produced less than 0.001 in. between 
the specimen axis and the loading axis 
(4). Diameter measurements were made 


‘ 
= 
4 
ff 
PRLETIT 
| 
a 
sich pati 
ted 
etal 
ride 
yere 
ions 


during the test by means of a specially 
designed radial strain gage.* Notch duc- 
tility was calculated from diameter 
measurements of the notch bottom before 
and after testing. 
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strength and on the notched ductility for 
the materials studied is shown in Figs, 
3 to 6. 

As suggested by Sachs and Lubahn (4), 
the notch strength rises linearly with in- 
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Fic. 4.—Notch Strength as a Function of Notch Depth for a Variety of Face Centered Cub 


Metals Tested in Liquid Nitrogen (—321 F). 


Test RESULTS AND DISCUSSION 


The magnitude of notch severity in a 
notched tension specimen can be varied 
by changing either the notch depth, the 
radius at the bottom of the notch, or the 
acuity of the notch angle. In order to 
make specimen preparation as simple as 
possible, the notch depth was selected 
as the variable in this investigation. The 
depths were changed by varying the 
outside diameter of the test specimens as 
shown in Fig. 2(0). 

The effect of notch depth on the notch 


*To be described in a subsequent report. 


creasing notch depth at a rate such that 
the notch strength is equal to 1.5 times 
the tensile strength for a 50 per cent 
notch, for notch specimens whose duc- 
tility exceeds the necking strain of the 
metal. The notch strength then can be 
described by the following equation so 
long as the notch ductility exceeds the 
necking strain: 
Notch strengtu = 

[1 + 0.01(notch depth, per cent)] 


tensile strength 


Obviously, the notch strength is simply a 
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function of specimen geometry for ductile 
specimens and is a function vf the ge- 


in the range of values in which it is of. 
most interest, is a function of the notch 


ometry and ductility when the ductility ductility, the damage to notch ductility 
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Fic. 5.—Notch Ductility as a Function of Notch Depth for a Variety of Face Centered Cubic 


Metals Tested at Room Temperature. 


is low. Straight lines representing Eq 3 
as well as the maximum notch depths 
which produced a notched ductility in 
excess of the unnotched necking strain, 
D, , have been added to the graphs in 
Figs. 3 and 4. Since the notch strength 


is used as the criterion for notch sensi- 
tivity in this investigation. 

Notch sensitivity can be best defined 
by means of a quantity which measures 
the harm done to a material’s ductility 
on the introduction of a notch in such a 
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manner that the quantity is not influ- 
enced by the absolute value of unnotched 
ductility. All curves of notch ductility 
versus notch depth, both those obtained 
on face-centered cubic metals in this 
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N.D. = notch ductility, per cent, 
I unnotched ductility, per cent, 
D notch depth, per cent, and 
b = material constant. 
material Constant. 


T 
Copper 


Nickel 


c 
a 
- 
> 
= 
> 
- 
° 
z 


30 


Notch Depth, per cent 
Fic. 6.—Notch Ductility as a Function of Notch Depth for a Variety of Face Centered Cubic 


Metals Tested in Liquid Nitrogen (—321 F). 


investigation, Figs. 5 and 6, as well as 
those previously presented for body 
centered cubic (3) and hexagonal (5, 6) 
metals, are of the form: 

tie y 


Equation 4 represents an hyperbola 
which asymptotically approaches the 
abscissa (notch depth) axis and an or- 
dinate axis displaced b units of negative 
notch depth into the second quadrant as 
shown schematically in Fig. 7(a). As } 
decreases, Eq 4 describes a family of 
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hyperbole which fall at an increasingly 
rapid rate in the first quadrant, Fig. 
7(b). Hence 6 is a measure of notch in- 
sensitivity. Large values of 5 represent 
gradual losses of ductility with increasing 
notch severity, while small values of 5 
represent rapid ductility losses with in- 
creased notch severity. If the quantity z 
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Fic. 7.—Schematic Diagrams Showing the 
Effect of “b” on Loss in Unnotched Ductility. 


is introduced to represent the amount of 
the unnotched ductility that is lost by 
the addition of a notch of some given 
shape, as shown schematically in Fig. 
7(a), the proportion of the unnotched 
ductility that is sacrificed by notching is 
given by: 


I — N.D. D 


The curves in Figs. 5 and 6 were calcu- 
lated by converting Eq 4 to a linear 
equation after which the values of b and 
I were obtained by the method of least 
squares. In order to give relatively equal 


> 
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weight to the unnotched and notched 
ductility values and at the same time to 
insure that the unnotched ductility 
points were heavily weighed, the average 
unnotched ductility was given the same 
weight as the sum of the notch ductility 
values. It is seen in Figs. 5 and 6 that 
the data points do describe hyperbole. 
Absolute changes in }, unfortunately, 
do not represent absolute changes in 
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Fic. 8.—Change in Notch Ductility Produced 
by a Small Change in } for a Notch Brittle and 
a Notch Ductile Material. 


Notch Ductility, per cent 


notch ductility. A given change in }, 
when the 6 value is large, produces a 
small change in notch behaviors as shown 
schematically by the pair of curves whose 
b values differ by 2 (6 = 30 and b = 28) 
in Fig. 8. This same absolute change in 
b when the 6 value is small, 6 = 3 as 
compared with 5 = 1, on the other hand, 
results in large differences in notch per- 
formance, Fig. 8. For this reason, notch 
insensitivity is best defined by introduc- 
ing the quality b’ where: 


Changes in notch sensitivity on the basis 
of this criterion are proportional to per- 
centage differences in b. 

It is on the basis of their influence on 
b’ that strain hardening exponents are 
related to notch sensitivity in this in- 
vestigation. 
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Strain hardening exponents, m were ob- 
tained in the study by plotting the true 
stress® versus the natural strain on log-log 
paper. No subtractions were made for 
elastic strains. Instead the effect of elastic 
strains was minimized and at the same 
time the necessity of making corrections 


(a) Tested ot RT =| 
1.5 
i 
| © Copper 
1.0F- © Monel 
4 Nickel 
4 Stainless 
x 24S-T4 
2 = 
7 
(b) Tested at —32IF 
= 
T 
| 
Strain Hardening Exponent, n 


Fic. 9.—Dependence of Notch Insensitivity 
Log 6 “b’” on Unnotched Strain Hardening Ex- 
ponent, m. 


for necking was avoided by taking the 
strain hardening exponent as the slope 
of the straight-line portion of the log k 
versus log € curves at strains just below 
the maximum load strain. 

The notch insensitivity® is seen to be 
linearly related to 6’ in Fig. 9(a) and (0) 
so that the effect of strain hardening ex- 


®In order to aid in calculations of true stresses 
in this and other investigations, a true stress 
calculator was developed that directly con- 
verted diameter changes and load readings to 
true stress values. 

®Since both b and b’ increase as a material 
becomes less damaged by notching, these quan- 
tities measure notch insensitivity rather than 
the more common notch sensitivity. 
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ponents on notch insensitivity is given by 
the equation: 


where p = 0.12 and q = 2.9 on testing 
at room temperature, and p = 0.042 and 
q = 2.1 on testing at —321 F. 

Since a single equation cannot be used 
to describe the notch sensitivity at two 
testing temperatures, notch behavior of 
face-centered cubic metals is not a 
unique function of the strain hardening 
exponent. However at a constant tem- 
perature, notch sensitivity is determined 


by od as suggested above. 


By means of Eq. 4, 5, and 6, the notch 
ductility can be predicted from data 
collected on unnotched test specimens 
(unnotched ductility and strain harden- 
ing exponent), 


I antilog (p + qn) 
antilog + +n 


ND. = . (8) 


= 

It is interesting to note that the notch 
insensitivity criterion suggested above 
also was found to be simply related to 
other material and testing variables. For 
example, b’ was found to be linearly re- 
lated to the nitrogen content of a series 
of titanium-nitrogen alloys, (6). These 
same alloys, as well as a heat-treated steel 
were found to show a linear temperature 
dependence of notch insensitivity over a 
rather wide range of testing tempera- 


A cknowledgments: 

The author acknowledges the many 
helpful discussions he had with Dr. F. J. 
Anders and Prof. L. J. Ebert during the 
course of this investigation. 

Thanks are also due to R. G. Howe and 
G. Condzer who conducted the tests. 

A debt of gratitude is also due to The 
International Nickel Co. for supplying 
the nickel and monel. 


(2 


(3 


e 

4 >| 
; 

he 
i} 
i. 

f 

| 
_ 

> 


REFERENCES 


(1) G. Sachs and J. D. Sabai “The Effect of 
Triaxiality on the Technical Cohesive 
Strength of Steel,” Journal of Applied Me- 
chanics, Vol. 12, p. 211 (1945). 

(2) E. J. Ripling, “How to Determine Tough- 
ness of Steels from Notched Bar Tests,” 
Materials and Methods, Vol. 34, No. 3, p. 
81, Sept., 1951. 

(3) E. J. Ripling, “Notch Sensitivity of Steels,” 
Symposium on Effect of Temperature on the 
Brittle Behavior of Metals,” p. 35, Am. 
Soc. Testing Mats. (1953). (Issued as sep- 
arate publication, ASTM STP No. 158.) 


hp 


tv) 

all 


(4) G. Sachs and J. D. Lubahn, “Notched Bar 
Tensile Tests on Heat-Treated Low Alloy 
Steels,” Transactions, Am. Soc. Metals, Vol. 
31, p. 125 (1943). 

(5) E. J. Ripling, “The Factors Influencing the 
Ductility and Toughness of Magnesium and 
Its Alloys,” First Phase Report, Frankford 
Arsenal, Contract No. DA-33-019-ORd- 
1360, July, 1954. 

(6) E. J. Ripling, ‘Tensile and Rheotropic Be- 
havior of Titanium-Nitrogen Alloys,” to be 
published. 


Fu 
fil, 
Hit 
ity 


ON NotcH TENSILE BEHAVIOR 671 
’) 
ag 
id 
ed 
vO 
é 
of 
ag 
n- 
n- 
8) 
ch 
i 
to 
ies 
se 


am ef os 
CCA wot BAT’ sheryl 

Bien 


; MATERIALS FOR HELICAL COMPRESSION SPRINGS FOR USE 


) 


Helical compression springs made from 
the common spring materials will not 
satisfactorily support even moderate 
loads at temperatures above about 500 F. 
At elevated temperatures, the elastic 
strain in the outer fibers of the spring 
under load is gradually changed to 
plastic strain, and permanent set or 
relaxation of the spring occurs. There is 
no simple relationship between torsional 
stress and torsional strain in the spring 
wire after relaxation has _ occurred. 
Hence, relaxation behavior is not amen- 
able to a strict quantitative evaluation, 
and relaxation tests of spring materials 

are largely comparative. 

Very little has been published on the 
relaxation behavior of spring materials 
at elevated temperatures. Zimmerli (1)? 
reported relaxation tests of carbon and 
low-alloy steel springs at temperatures 
up to 350 F and of 18-8 stainless steel 
springs at temperatures up to 550F. 
In his tests, springs were loaded to a 
fixed deflection corresponding to a given 
initial stress, then exposed to elevated 
temperatures for a fixed length of time, 

unloaded after exposure, and the free 
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AT CONSTANT DEFLECTION FROM 600 TO 1400 F* 


We 
length of the spring was measured. The 
decrease in load was then calculated from 
the change in length of the spring. The 
data were reported as the per cent loss 
in load versus the initial stress for a 
constant exposure time for any one 
spring material, 72 hr for carbon and 
low-alloy steel and 10 days for the 18-8 
stainless steels. Betty, MacQueen, and 
Rolle (2) reported similar relaxation 
tests on Monel springs at temperatures 
up to 500 F, “K” Monel springs at 
temperatures up to 600 F, “Z” nickel 
springs up to 650 F, and Inconel springs 
up to 700 F. Zimmerli and Wood (3) 
reported extensive data on endurance 
limits and some data on relaxation of 
springs at temperatures up to 650F. 
Over the past ten years, in this labora- 
tory, investigations have been made ona 
number of materials for application as 
helical springs under constant deflec- 
tion conditions. For this specific ap- 
plication, the springs may relax but must 
support a specified minimum dead load. 


TORSIONAL STRESS AND STRAIN IN 
HELICAL SPRINGS UNDER RE- 
LAXATION CONDITIONS 


The relationships between torsional 
stress and torsional strain of a spring 
under relaxation with a fixed deflec- 
tion are shown diagrammatically in 
Fig. 1. Relaxation occurs most rapidly 
in the outer fibers of the wire which 
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were initially most highly stressed. There 

is a tendency to equalize the stress over 

the cross-section of the spring wire as 


woe oy 
after spring was 


( ay loaded to a fixed de- 


flection. 
Torsional stresses 
(a) Stress and 
spring was loaded. 


proportional to tor- 
sional strain and to 
the distance from the 
center of the spring 
to the fiber under 
consideration. 


strain immediately after 


Torsional strain 
same as in Fig. 1(a) 


since deflection has 
not changed. 
Torsional stresses 
no longer propor- 
tional to strain since 
relaxation occurs 
most rapidly in the 
more highly strained 
regions of the spring. 


(b) Stress and strain after some relaxation 
has occurred. Spring still loaded to fixed deflec- 
tion. 


Elastic tor- 
sional strain re- 
covery. 

Permanent 
torsional strain 
causes perma- 
nent deflection 
or set of spring. 

Torsional 
stress distribu- 
tion is now com- 
plex with the 
direction of tor- 
sional stress in 
the outer fibers 
reversed as com- 
pared to the 
stress under load. 


(c) Torsional stress and strain after spring is 
unloaded. 


Fic. 1.—Diagrammatic Representation of 
Torsional Stress and Strain in Helical Spring 
Wire Under Relaxation Conditions. 


relaxation proceeds. If the restraint is 
removed, the spring will recover par- 
tially but will not attain its original 
length, and a residual stress pattern 


will be established. The residual stresses 
near the center of the spring wire will be 
in the same direction as the load stresses 
Near the outside of the spring wire, the 
direction of the residual stresses will be 
opposite to the load stresses. 

The torsional elastic recovery that 
occurs when the spring is released is a 
measure of its load-carrying capacity at 
the given deflection after relaxation has 
occurred. For convenience, this torsional 
elastic recovery can be converted by the 
usual spring formulas to an effective 
residual stress in order to compare 
different spring materials. The results in 
this paper have been reported on the 
basis of this effective residual stress, 
although it is fully recognized that this is 
a fictitious stress which does not exist in 
the spring if relaxation occurs. 


MATERIALS 


At the time these investigations were 
begun, high-speed steel in the quenched- 
and-tempered condition was considered 
to be one of the best available materials 
for service above 600 F. However, at 
temperatures approaching 900 F, exces- 
sive relaxation of the high-speed steel 
springs occurred during service. The first 
materials investigated and compared 
with high-speed steel included annealed 
Inconel, cold-drawn type 302 stainless 
steel, and cold-drawn Timken 16-25-6. 
More recently, another cold-drawn 
austenitic material, 19-9-DX, has been 
investigated. As operating temperatures 
increased, other materials which may be 
classed as precipitation hardening “super 
alloys” were also investigated. The alloys 
of this type investigated included S-816, 
Elgiloy, Inconel X, and A-286. The 
nominal chemical compositions of the 
materials investigated are given in 
Table I. 

The relaxation behavior of springs 
made to the following designs were 
determined: 
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| Type A Type B 
Free height, in....... | 1.000 0.938 

£0.005 | *0.005 
Solid height, in.........., 0.625 0.688 

Wire diameter, in........ | 0.063 0.121 
Outside diameter, in...... 0.500 | 1.250 
Active coils.............| 8 | 3% 
Closed and ground 


square with axis 


TABLE I.—NOMINAL CHEMICAL ANALYSES OF SPRING MATERIALS. 
ry | 


Springs of type A design were used for 
most of the relaxation tests, and only a 
few tests were made on the larger type B 
springs. In general, the springs were cold 
formed by a commercial spring vendor 
and were subsequently treated in the 
laboratory as recommended by the 
supplier of the wire. In some cases, the 
wire supplier made no recommendation 
as to the heat treatment of the spring 


| High- | } 
302 | Inconel | \19-9-DX | Elgiloy A-286 | S-816 
| 0.70} 0.10) 0.05 | 0.08; 0.30; 0.15 0.04!) 0.08 0.40 
Manganese.......... | 0.30 1.50 
eee eee | 4.00 | 18.00 14.50 | 16.50 | 19.25 | 20.00 | 15.00 | 14.75 | 20.00 
Nickel..............| 8.00 | 78.00 | 25.00 | 9.00 | 15.00 | 73.00 | 25.00 | 20.00 
Molybdenum....... . wes: 6.25 | 1.50; 7.00 | 4.00 
| ... | 2.40) ... 
Bal. | Bal. | 7.00. Bal. Bal. Bal. 7.00 | Bal. 4.00 
TABLE II.—SPRING TEST INFORMATION. 
{ Spring Scale, Torsional Modulus, millioa psi | ge 
Type A |Type B| 600F | 800F | 1000F | 1200F | 1400F | 
| | | 
High Speed Steel. .| 32-34 hem Cold drawn, coiled 
| 32 Hass Cold drawn, coiled 
Inconel X........| 29.25} 56 | 10.5 | 10.1 | 9.7 8.9 7.7 | Cold drawn, coiled 
| Aged, 1350 F, 6 hr 
16-25-6...........| 28 Cold drawn, coiled 
28 } Cold drawn, coiled 
| | Aged, 1125 F; 24hr 
| 32 24.1 10.8 | 10.2 | 9.2; 8.2 Cold drawn, coiled 
| | | Aged, 1100 F, 10 to 
| 18 hr 
32 Cold drawn, coiled 
Aged, 1400 F, 20 
teak, hr (For tests at 
4400 F) 
Aged, 1100 F, 1 br 
22.0 | ... | | Solution treated, 
coiled 
Aged, 1400F, 16 
al | | to 20 hr 
32.5 12.3 | 11.1 | 11.3 10.7 | 9.9 | Solution treated, 
coiled 
| Aged, 1400F, 16 
| | | to 20 hr 
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or recommended treatment temperatures 
below the proposed test temperature. In 
these cases, treatments that were be- 
lieved to be suitable were developed in 
the laboratory. The processing treat- 
ments given to the springs and their 
respective spring scales, in pounds per 
inch of deflection are given in Table II. 


Comp PRE SSION ‘SPRINGS 


RELAXATION PROCEDURE 

In the relaxation test, the free length 
of each spring was measured. ‘The spring 
was then assembled on a bolt between 
washers, and a nut was screwed onto the 
bolt until the desired compression of the 
spring was reached. The free length of 
each =—_ was again determined after 


mt 
| 
50 000~ 302 -Type "A" Spring (0. 063in) | 4 
boo 
€ Igiloy -Type"B “Spring (0 
50 000 
Elgiloy - Type A Spring (0.063 in) 
| | | i © 
S-8/6-Type"A * spring (0.063in) 
100 200 3300s 4400 500 
Time , hr 
2.—Spring Relaxation Tests at 600 F. 4 


For some of the materials, torsional 


moduli of elasticity were determined at 
high temperatures by a torsion pendulum 
method with results given in Table II. 
Neither the testing equipment nor test 
specimens are now available for modulus 
measurements on the other materials 
investigated. For uniformity, all stress 
values have been reported on the basis 
of room-temperature moduli. The cor- 
rection for modulus variations is only 
moderate and does not significantly affect 
the relative ratings of the materials. 


exposure to the desired test temperature 

for total times of 5, 25, 50, 100, 200, and 
500 hr. 

The effective residual stresses in the 

springs were determined by the formula: 


_ 8DC FK 
where: mote 
S = stress, psi, 
D = mean diameter of the spring, in., 
C = spring scale (Ib per in. of deflec- 


tion), 
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elastic deflection of the spring at 
the end of test period, in., 
spring wire diameter, in., and 

= Wahl stress correction factor. 
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of several methods tried for graphica 
presentation of the data was a semi- 
logarithmic plot in which stress was 
plotted on the logarithmic scale and the 


Initial Compression 


0.063 in, 
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High Speed Steel -Type 'A” Spring (0063in) 
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Type 302 -Type’A” Spring (O.063in) 


| 
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10 000 | 


50 000 } 


Eigiloy ~ Type 8 Spring (0./21in) 


| 


4 


000 
jt, 
fy 
All of the spring materials relaxed 
rapidly in the early stages of the test. 
As the tests proceeded, the rates of 
relaxation of most spring materials de- 
creased markedly. The most satisfactory 


100 200 


RESULTS 


Time , hr 
Fic. 3.—Spring}Relaxation§Tests at 800 F. 


7 
Elgiloy - Type"A" Spring(0.063in) 


300 400 


time of test on a linear scale. The experi- 
mental results obtained are presented in 
a series of such semilogarithmic graphs in 
Figs. 2 to 12, inclusive. 

The materials tested at 600 F were 
type 302 stainless steel, Elgiloy, and 
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5-816. These test results are presented in 
Vig. 2. The type 302 stainless steel 
springs relaxed rapidly during the first 
25 hr. of test and then relaxed slowly. 
i 


steel relaxed slightly during the first 25 
hr of the test, after which time relaxation 
practically stopped. The type 302 stain- 
less steel relaxed very rapidly during the 
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| initial Compression 
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| X 
/6-25-6 Cold Drawn -Type"A" Spring (0.063in) 
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t 
/6-25-6 Aged -Type Spring (0.06 3in) 
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(00 


300 400 50c 


Time, hr 


Fic. 6.—Spring Relaxation Tests at 950 F. 


Elgiloy springs and S-816 springs did not 
relax appreciably at this temperature. 
The relaxation characteristics of high- 
speed steel, type 302 stainless steel, 
Elgiloy, Inconel X, 19-9-DX, A-286, and 
S-816 were determined at 800 F (Figs. 3 


and 4). At this temperature, high-speed 


first 100 hr of the test at 800 F, then 
continued to relax rapidly for the re- 
mainder of the test. The Elgiloy springs 
relaxed slightly for the first 25 hr of test 
at 800 F, then relaxed at a moderate rate 
for the remainder of the test. It should 
be noted that the correlation between 
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at 
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Time, hr 


Fic. 12.—Spring Relaxation Tests at 1400 F (Continued). 
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Initial Compression 
| Elgiloy -Type"A" Spring (0.063in) 
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S- 816 -Type"A" Spring (0.063 in) 
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Inconel! X -Type’B" Spring (0.121 in) 
Fic. 11.—Spring Relaxation Tests at 1400 F. 
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relaxation results of the two different size 
Elgiloy springs tested was fairly satis- 
factory for these small amounts of re- 
laxation. For example, the larger type B 
Elgiloy spring, initially stressed at ap- 
proximately 30,000 psi, relaxed to ap- 
proximately 21,000 psi, whereas the 
smaller type A spring relaxed from 30,000 
psi to approximately 25,000 psi. Another 
larger type B spring, initially stressed at 
20,000 psi, relaxed to 15,000 psi, whereas 
the smaller type A spring relaxed from 
20,000 psi to 15,500 psi. The relaxation 
characteristics of the 19-9 DX and In- 
conel X springs at 800 F were com- 
parable to those of the Elgiloy springs. 
The precipitation hardenable alloys A- 
286 and S-816 relaxed only very slightly 
in the initial stages of the test at 800 
F, after which relaxation practically 
stopped. 

Only two materials were tested at 
900 F, high-speed steel and Inconel 
(Fig. 5). Both of these materials relaxed a 
moderate amount at the beginning of the 
test and continued to relax slowly during 
the entire test. 

The relaxation characteristics of high- 
speed steel, Inconel, and of Timken 
16-25-6 were determined at 950 F (Fig. 
6). All of these materials relaxed at small 
or moderate rates during the entire test. 
The desirability of stress relief of cold- 
drawn materials is evident by comparison 
of the relaxation characteristics of the 
Timken 16-25-6 springs tested as coiled 
from cold-drawn wire with those which 
were given a preliminary treatment after 
coiling. Both the initial relaxation and 
the rate of relaxation in the later stages 
of the test were considerably reduced by 
the pre ‘minary heat treatment of these 
springs. 

At 1000 F, the relaxation character- 
istics of Inconel X, Elgiloy, 19-9 DX, 
A-286, and S-816 were determined (Figs. 
7 and 8). Initial and final relaxation rates 
of the Inconel X, Elgiloy, and 19-9 DX 


were fairly high. At this temperature and 
with these relatively high rates of re- 
laxation, the correlation of test results on 
the larger type B Elgiloy springs with 
those of the smaller type A Elgiloy 
springs was very poor. This poor cor- 
relation between tests of springs of 
different design is a good example of the 
difficulties introduced into the analysis of 
spring relaxation data because of the 
complex stress distributions introduced 
by relaxation. At 1000 F, the A-286 and 
S-816 springs relaxed a moderate amount 
during the first 50 hr of the test, after 
which relaxation occurred slowly. 

Relaxation tests of Inconel X, Elgiloy, 
A-286, and S-816 were performed at 
1200 IF (Figs. 9 and 10). The Inconel X 
springs relaxed very rapidly in the first 
few hours, then continued to relax at a 
high rate for the remainder of the test. 
The Elgiloy springs relaxed extremely 
rapidly and are considered to be prac- 
tically useless at this temperature. The 
A-286 springs underwent a moderate 
amount of initial relaxation, then con- 
tinued to relax at a moderate rate. The 
initial relaxation of the S-816 springs was 
approximately the same as that of the 
A-286 spring, but in the later stages of 
the test, the relaxation rate of the S-816 
springs was considerably lower than that 
of any other spring material tested at 
1200 F. 

Inconel X, Elgiloy, and S-816 ma- 
terials were tested at 1400 F (Figs. 11 
and 12). Of these materials, only S-816 
shows any tendency for spring behavior 
at this temperature. Even for the S-816 
springs, the initial relaxation was very 
great and a stable relaxation rate was 
not established during the 500-hr test. 


SUMMARY 


The relaxation characteristics of com- 
pression springs under constant deflec- 
tion loading have been presented in this 
paper. The results have been presented 


. 
os 
( 
1 ‘ 
4 
“2 
J 
@ 
. 
toad 
4 
. 
Phy 
Le 
= 
- 
= 


On HELICAL COMPRESSION SPRINGS 


on the basis of an effective residual stress 
calculated from the recovery of the 
spring when the restraint was released. 
It is believed that this effective residual 
stress value is useful for design purposes 
under conditions of only moderate re- 
laxation. Because of the complex stress 
distribution introduced by appreciable 
amounts of relaxation, the results pre- 
sented cannot be applied directly to 
springs of greatly different size than the 
ones under test. 

Of the nine materials tested, S-816 
had the best resistance to relaxation. It is 
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considered that S-816 springs would be 
useful up to approximately 1200 F. At 
1000 F, the relaxation resistance of 
Inconel X and of A-286 approached that 
of the S-816 material. At still lower tem- 
peratures, severly cold-drawn alloyed 
austenitic steels also have useful spring 
properties. If severely cold-drawn aus- 
tenitic materials are used for high-tem- 
perature springs, a preliminary aging or 
stress relief treatment is desirable in 
order to reduce the initial relaxation 
and the final rate of relaxation of these 
springs in service. Ai 
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DISCUSSION 


Mr. E. A. Sticwa.!' (presented in writ- 
‘en form)—The authors are to be com- 
mended for providing engineers with 
much useful information in a field where 
few data are available. At Crane Co. 
there has been occasion to conduct tests 
on springs at elevated temperatures also 
and essentially the same technique as 
that of Messrs. Matters and Lochen has 
been employed. Results are presented for 
one of the materials reported by the 
authors together with test data on two 
other materials, one of which appears to 
be the equal at 1100F of their best 
alloy, S 816. 

The Crane Co. spring relaxation test 
results are shown in the accompanying 
Table IIT and in Fig. 13, are compared 
with data taken from the paper. The 
method of comparison is one frequently 
employed in assessing high-temperature 


‘Crane Co., Chicago, Ill. 
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Alloy Springs,” Transactions, Am. Soc. 
Mechanica] Engrs., pp. 465-474 (1942). 
(3) F. P. Zimmerli and W. P. Wood, “Effect of 
Temperature on Endurance Limit and Re- 
laxation of Spring Materials,” Transactions, 
Soc. Automotive Engrs., Vol. 62, pp. 57-565 


bolting materials. The 45-deg line repre- 
sents an ideal material wherein the ap- 
plied stress is retained completely; prox- 
imity to this line is a measure of the 
worth of a material as a spring. This 
chart provides a convenient means of 
correlating tests run at different, stress 
levels under constant temperature from 
which other useful graphs may be 
prepared. 

Of particular interest is the single 
Crane test point for an Inconel X spring 
at 1100 F which is consistent with the 
Allis-Chalmers results at 1000 and 
1200 F. Data for type 316 springs at 
1100 F show a marked lack of spring 
properties for this material. Haynes 
Stellite No. 25 alloy, on the other hand, 
retains a considerable portion of the ap- 
plied stress after 100 hr at 1100 F. These 
results fall about midway between those 
for S 816 alloy at 1000 and 1200 F indi- 
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cating approximate equivalence of re- 
laxation resistance for the two materials. 
Some test points for the Haynes Stellite 
No. 25 alloy lie below the line shown in 
the figure, and this is probably due to 
the fact that the work was done with ex- 
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COMPRESSION SPRINGS 


from 28 to 34. Since the springs were pre- 
sumably deformed elastically, the re- 
sulting spring scales should be directly 
proportional to the torsional moduli. 
The moduli reported for two of the al- 


loys are as follows: 


TABLE III.—SPRING RELAXATION TEST RESULTS AT 1100 F. 
Note.—Symbols and method of calculating stress are the same as those employed by Messrs. 


Matters and Lochen. 


| 
—} 

Inconel X 0.625 0.125 5.00. | B31 83 000 31 500 
Type 316 0.625 0.125 5.00 1.31 78 000 13 000 
1.250 0.250 5.00 | 1.31 | 64 000 8 0002 

Haynes Stellite No. 25 1.281 0.250 56.12 | 1.30 78 500 | 50 000 
1.281 0.250 5.12 1.30 69 000 41 000 

1.563 0.250 6.25 | 1.23 | 22 000 17 000 

0.666 , 0.125 5.33 1.29 | 74000 | 28 500 

0.875 0.125 | 7.00 | 1.21 33 000 | 11 500 


* Extrapolated values. 


perimentally wound springs which were 
not entirely uniform. 

In connection with a recently con- 
templated design for which materials 
were restricted, a relaxation test on a 
molybdenum wire spring at 1050 F re- 
vealed disappointing load retention in 
spite of the outstanding creep resistance 
of molybdenum at much higher tem- 
peratures. The reason for this deficiency 
is not clear, but it may be due to a low 
proportional limit in torsional shear; 
this unexpected behavior is being studied 
further. 

Mr. G. N. AGGEN? (by /etier).—The 
authors are to be congratulated upon an 
interesting and informative paper. In 
two cases, the authors obtained results 
which do not appear to correlate with 
other known mechanical properties of the 
alloys tested. 

For one, the authors assigned a spring 
scale of only 22.0 lb per in. to A-286 alloy 
while those of the remaining alloys varied 


?Senior Research Metallurgist, Research 
Laboratory, Allegheny Ludlum Steel Corp., 
Watervliet, N. 


TORSIONAL MODULUS, PSI, AT 
INDICATED TEMPERATURES. 


Alloy | 80F | 1000F | 1200 F | 1400 F 
10.4 | 8.4| 8.0 | 7 
| 108} x x x 10° 
Inconel X°...| 11.0 9.0 8.1 
xX XK x 108 


@ Allegheny Ludlum Technical Data Sheet. 
> Inconel X Data Sheet, International Nickel 
Co., Inc., 1947. 


These values indicate that the spring 
scale of A-286 should be only slightly 
lower than that of Inconel X. On the 
basis of similarities in composition and 
structure also, the spring scale of A-286 
would be expected to be comparable to 
those of 19-9DX and 16-25-6, or about 
28.0 lb per in. of deflection. 

Secondly, the relaxation rates ob- 
tained on the Inconel X springs at 1200 
and 1400 F are surprisingly rapid when 
compared to A-286 and S-816 at 1200F 
and S-816 at 1400 F. The creep strengths 
reported in ASTM Special Technical 
Publication No. 160° for these alloys 


3 Report on Elevated Temperatures Prop- 
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Fic. 13—Comparison of Spring Relaxation Properties of Several Alloys. 


follow: A direct comparison at 1200 F is not 
CREEP STRENGTH, PSI, FOR CREEP — possible since the Inconel X was tested — 
OF 0.0001 PER CENT PER HR. as a type B spring and the other alloys 


wer | wer as type A springs. The authors have al- 
shia _.. ready pointed out the poor correlation 


28 000 16 500 erties on Selected Superstrength Alloys (1954). 
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obtained between Elgiloy springs of the 
two different types at 1000 F. A contrib- 
uting cause for the comparatively poor 
behavior of Inconel X is very probably 
the difference in spring design. 

At 1400 F, where both Inconel X and 
S-816 were tested as type A springs, the 
S-816 alloy was far superior. On the 
basis of creep strengths, the reverse 
would be expected, particularly since 
good correlations are generally obtained 
between creep and creep relaxation 
strengths. 

The authors imply, during their dis- 
cussion of processing and heat treat- 
ment, that the S-816 and Inconel X were 
both cold drawn and aged directly. If 
this is the case, Inconel X, which is pre- 
dominantly a precipitation-strengthened 
alloy, may have been overaged before 
testing or during test. For example, the 
aging temperature to produce maximum 
hardness in A-286 is about 1300 F for 
solution heat-treated material and drops 
to about 1100 F for material that has 
been cold worked 80 per cent. Inconel X 
is expected to show similar behavior. 
S-816, on the other hand, is a solution- 
strengthened alloy. Cold work followed 
by aging would not produce softening un- 
less the recrystallization or recovery 
temperatures were exceeded. For S-816, 
these temperatures are believed to be 
above 1400 F even with large amounts of 
previous cold work. 

Similarly, it is believed that improved 
properties would have been obtained 
from the A-286 alloy if a lower aging 
temperature had been selected. For maxi- 
mum hardness and creep strength, the 
aging temperature should be about 
1325 F for solution heat-treated material 
and lower for cold-worked material, de- 
pending upon the amount of cold de- 
formation. 

Mr. R. G. Matters (author’s closure). 
—We are pleased to know that Mr. 
Sticha’s relaxation results are consistent 
with ours. The consistency of the results 
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is largely dependent upon the fact that 
the materials and test temperatures were 
such that large amounts of relaxation did 
not occur. As indicated in the paper, the 
residual stress reported is based upon an 
elastic recovery of the spring. If appre- 
ciable relaxation occurs during the test, 
the reported residual stress is not simply 
related to the actual stresses, and corre- 
lation between tests made on springs of 
different designs could not be expected. 

With reference to Mr. Aggen’s dis- 
cussion, we cannot account for the dis- 
crepancy in spring scales of springs made 
from different materials. The spring 
scales reported were based upon meas- 
urements made with a commercial spring 
tester. 

It is now recognized that some of the 
materials tested probably were not proc- 
essed in an optimum manner. The In- 
conel X springs were simply coiled from 
cold-drawn wire and aged. This process- 
ing was recommended by the Interna- 
tional Nickel Co. in 1948 when these 
tests were started. Probably the Inconel 
X springs would have had better relaxa- 
tion resistance if they had been coiled 
from solution-treated wire. S 816 and 
A 286 springs were coiled from solution- 
treated wire rather than cold-drawn wire. 
The aging temperature, 1400 F, for the 
A 286 springs was the highest tempera- 
ture which, based on hardness tests, did 
not cause over aging of the particular lot 
of wire used. 

Based upon the test results available, 
it is believed that springs for the highest 
temperature application should be coiled 
from solution-treated super alloy wire, 
then stress relieved or aged at the highest 
practical temperature in order to relieve 
the coiling stresses. It is apparent that 
cold-drawn materials are limited to some- 
what lower temperature service. Possibly 
solution treatment of the springs after 
the coiling operation followed by aging 
would develop the maximum resistance 
to high temperature relaxation. 
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THE STRENGTH OF CERTAIN STAINLESS AND CARBON STEELS AT 
LOW TEMPERATURES**} 


By S. C. F. D. O. W. Sepp’ J. W. Riza‘ 


SYNOPSIS 


Preliminary results of torsion and tension tests of various steels at very- 
low-temperatures are reported. The tests are conducted in a stream of cold 
gaseous helium whose temperature can be adjusted to any value between 10 
and 300 K. Unusual discontinuities in the stress-strain relationship of stain- 
less steel at the lower temperatures are observed. The effect of work harden- 
ing at low temperature upon the room-temperature strength is also noted. 


It has long been known that as the 
temperature of a metal decreases its 
tensile strength increases and that some 
metals such as brass, copper, and many 
types of stainless steels remain plastic 
down to temperatures near the absolute 
temperature while others such as or- 
dinary carbon steels become brittle at 
temperatures far above the absolute 
zero. A large body of data on the 
mechanical properties of metals at low 
temperatures has accumulated as a result 
of the efforts of numerous investigators. 
Stainless steels in particular have been 
studied by McAdam, Geil, and Crom- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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Cambridge, Mass. 

7U.S. Army Air Force. 

‘Supervisor of Turboconditioner Cycle and 
Systems Design Unit, Aircraft Accessory 
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well (1)° who showed how the load during 
a tension test of 18-8 stainless steel 
varies with strain at various low tem- 
peratures, and by Krivobok and Talbot 
(2) and Ziegler and Brace (3) who demon- 
strated that austenitic steels me- 
chanically warked at liquid nitrogen 
temperature show an increase in tensile 
strength, yield strength, and hardness as 
compared with steels worked at room 
temperature. Nearly all of their measure- 
ments were made at a few specific tem- 
peratures, namely, the sublimation 
temperature of carbon dioxide (194.6 K), 
the boiling point of oxygen (90.1 K) or 
the boiling point of nitrogen (77.3 K). 
The reason for choosing these particular 
temperatures is, of course, their ready 
availability. The results reported below 
constitute an extension of the work of 
these investigators and are distributed 
over the temperature range 300 K to 
10 K without regard to the usual fixed 
points. The test specimens are cooled by 
a stream of cold gas rather than by im- 


5 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
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688 
mersion in a liquid. Earlier work of this 
kind, limited to 1020 steel, has been 
reported by Eldin and Collins (4). 


APPARATUS AND METHODS 


_ Two types of tests were made in this 
investigation, torsion and tension, the 
quantities measured being torque or 
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Fic. 1.—Torsion Test Apparatus. 


load and its accompanying strain. The 
cold environment was provided by a 
helium cryostat. This consists of a 
vacuum jacketed cylindrical vessel with 
an inside diameter of 30 in. and a depth 
of 8 ft, open at the top. A part of the 
space is occupied by a heat exchanger 
and five expansion engines. Helium is 
compressed by an external compressor to 
10 atmospheres, cooled to room tempera- 
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ture, and supplied to the expansion 
engines by way of one channel of the 
counter-flow heat exchanger. Upon ex- 
pansion to one atmosphere with the 
production of external work, the helium 
leaves the expansion engines very much 
colder and returns to the compressor by 
way of a second channel in the heat 


ad 


Wits 


Fic. 2.—Torsion Test Specimen. 


(a) In original condition. 
(b) After rupture at 30 deg Kelvin. 


a 
exchanger. When a steady state is 
reached the engines are operating at vari- 
ous temperatures between ambient and 
the lowest level. The gas discharged from 
the coldest engine is forced to flow over 
and around the specimen under test 
before it is admitted to the heat ex- 
changer. When the desired temperature 
is reached, the operating pressure is re- 
duced sufficiently so that the refrigera- 
tive effect just compensates for the heat 
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leaks. It is possible to keep the tempera- 
ture fairly constant by manual control of 
the operating pressure. 

Both the torsion and tension testing 
apparatus are mounted on steel plates 
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Fic. 3.—Tensile Testing Machine. 


which act as gas-tight covers for the 
cryostat, the test apparatus extending 
deep into the cold well. The torsion 
equipment is made of two concentric 
Stainless steel tubes arranged as indi- 
cated in Fig. 1. The lower end of each 
tube is fitted with an hexagonal socket 


-constantan thermocouples. At the lowest 
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for holding the two ends of the test speci- 
men. Ball bearings, at the warm end, and 
a sleeve bearing of micarta, at the cold 
end, in the annular space between the 
tubes maintain true alignment and re- 
duce friction when the inner tube is 
rotated through the angle necessary to 
break the specimen. A specimen for use 
in this machine is shown in Fig. 2(a). 
It is made from a 1-in. hexagonal bar 
with a %%-in. hole along the axis. The 
test section is reduced to a short tube 
3 in. long, 0.73 in. outside diameter and 
0.63 in. inside diameter. 

The tension testing machine is shown 
in Fig. 3. The compression member is 
an 8-ft length of stainless steel pipe with 
a 6-in. outside diameter and 3 in. wall. 
The specimen is held in the lower end 
and therefore at the bottom of the cold 
well. The jaws which hold the lower end 
of the specimen are controlled by rods 
which extend through the cover to the 
exterior. Force is applied to the specimen 
by a hydraulic piston mounted at the 
upper end of the compression member 
through stainless steel pull rods. Stain- 
less steel is chosen for all structural 
parts of the apparatus because of its low 
thermal conductivity. Moreover, it is very 
strong. Specimens can be inserted or with- 
drawn through the hollow piston rod. The 
test section of the specimen is 2 in. long 


and 0.305 in. in diameter as shown in 
‘Fig. 11(a). 


Temperatures are measured by copper- 


temperatures the accuracy is low, an 
error of a few degrees being possible. 
For both torsion and tension tests the 
thermocouple junction is soldered to a 
brass receptacle in which one end of the 
specimen is gripped by set screws. Since 
the entire specimen holder is bathed in a 
copious stream of cold helium, there is 
reason for believing the temperature to © 
be uniform over the specimen and 

thermocouple junction. 
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Torque is measured by means of 
strain gages appropriately mounted on 
a load cell interposed in the inner torque 
member. The load cell was previously 
calibrated against known torques. The 
shear stress is estimated from measure- 
ments of torque and inside and outside 
diameters of the specimen. Shear strain 
is estimated from measurements of the 
angle through which one end of the speci- 
men is turned with respect to the other 
end, the diameter and the length of the 
test section. 


2 240 000 


of the 1018 annealed batch. These were 
given an additional annealing treatment. 
The chemical composition is not ac- 
curately known. 


Test RESULTS 
For the torsion tests three types of 


steel were used, 1018 annealed, 1018 
cold-rolled, and 303 (stainless) annealed. 


The yield and fracture stresses of 1018 


steel both in the annealed and cold-rolled 


condition are given as a function of tem- 
perature in. Fig. 4. The stress-strain 
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Fic. 6.—Stress-Strain Curves for Type 303 Stainless Steel in Torsion at Various Temperatures. 


In examining the tensile properties of 
the specimens, the load is obtained by 
measuring the change in resistance of 
strain gages which are fixed to a cali- 
brated load cell. Elongation of the 
specimen is observed directly with 
telescope and scale placed at the top of 
the specimen holder. In the present form 
of the apparatus it is not possible to 
follow the changes in specimen diameter 
during the test. 

All of the specimens were cut from 
commercial stock and tested in the “as- 
received” condition with the exception 

: 


curves at various temperatures are shown 
in Fig. 5. 

In the case of the annealed specimens 
there was a decided change in the nature 
of the fracture as the temperature de- 
creased. Above 130 K the failure was the 
result of pure shear. The polished surface 
of the test section was dulled by yielding 
and the parting line lay in a plane per- 
pendicular to the axis. Below 80 K 
brittle fracture always occurred, gen- 
erally along a line inclined 45 deg from 


cracks, originating in the relatively thin © 
b 


the axis. At the lowest temperatures 
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Fic. 10.—Stress-Strain Curves for Type 416 in Tension at Various 


Temperatures. 


n 
= | 
om 
= 


ane 


ve 


Ke) 


WN 


Elongation, percent 


Fic. 9.—Stress-Strain Curves for Type,310,in Ten 


On STEELS AT Low TEMPERATURE 9. 
ne 
— 
Nes 
= 
' ~ + 
° 


CoLutns, EZEKIEL, 


wall of the test section, penetrated the 
thicker shoulders of the hexagon as illus- 
trated by Fig. 2(b). Between 80 and 
130 K failure was partially ductile, 
partially brittle. 


Cold-rolled specimens, as expected, 
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Sepp, AND RIZIKA 
the appearance of discontinuities in the 
stress-strain relationship at temperatures 
below 35 and because of the sub- 
stantial increase of strength with strain. 
Some typical stress-strain curves are 

given in Fig. 6. 


Fic. 11.—Photograph of Representative Specimens. — 


(a) Specimen in initial condition. 

(b) Type 302, 10 K. Note multiple necks. 
(c) Type 302, room-temperature. 

(d) Type 303, 24 K. 

(e) Type.303, room-temperature. 


(f) Type 416, 96 K. Note that neck had formed before brittle failure oceurred. 


(g) Type 416, 14 K. 


(h) Type 310, 17 K. Note beaded surface and substantial elongation without necking. 


exhibited definitely higher yield strengths 
throughout the temperature range, but 
showed less brittleness. Even at 24 K 
there was evidence of shear strain. The 
strain was confined to a narrow band, 
visible on the inner as well as the outer 
surface, in~-which- failure ultimately 
occurred. 

The results with type 303 stainless 
steel are of special interest because of 


The discontinuities in the stress-strain 
relationship referred to above had the 
appearance, when encountered, of 2 
failure of the specimen in that the load 
dropped suddenly to a fraction of its 
original value. Except for the substantial 
elastic strain of the apparatus, the load 
would have dropped to zero. Upon 
further twisting of the specimen, hovw- 
ever, the load climbed quickly to the 
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original value and the earlier stress- 
strain relationship was_ reestablished. 
Photomicrographs of sections of speci- 
mens behaving in this manner did not 
show anything which might help to 
explain this effect. 

One specimen whose yield strength at 
34 K was 75,000 psi was twisted to a 
shear strain of 0.14 at that temperature. 
It was then returned to room tempera- 
ture. The new yield strength at room 
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corrected soon and that carbon steels 
may be studied further. 

The metals tested in tension to date 
are three austenitic stainless steels, types 
302, 303, 310 and one ferritic, type 416. 
All of these were commercial grades in 
the annealed condition as received from 
the dealer. It is suspected, however, that 
all had been work-hardened to some 
extent. Types 302 and 303 are of the 
18-8 grade while type 310 contains about 


240000 


160 000 


Stress, psi 


80 000 


280000 


20 


30 400 


Elongation, percent 


Fic. 12.—Discontinuities in Stress-Strain Curves at Very-Low-Temperatures. 


temperature was 95,000 psi a number 
which is to be compared with 45,000 psi, 
the normal yield strength at room- 
temperature. 

While conducting the tension tests, it 
was necessary to avoid brittle metals with 
the apparatus in its present form. The 
grips apply unknown and variable bend- 
ing moments to the specimens with the 
result that brittle fracture strength 
cannot be measured with any accuracy. 
It is expected that this defect will be 
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25 per cent chromium and 20 per cent 
nickel. Type 416 contains about 13 per 
cent chromium and no nickel. 

In Figs. 7, 8, 9, and 10, the nominal 
stress, obtained by dividing the tensile 
load by the original cross-sectional area 
of the specimen, is plotted against per 
cent elongation for each of the four 
metals at various temperatures. Types 
302 and 303 reveal similar results, as 
would be expected from their composi- 
tion. The increase of yield strength with 
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decreasing temperature is more marked 
for 303 than for 302. Both exhibit sub- 
stantial elongation in the beginning while 
the load remains almost constant. 
Further yielding, however, is attended at 
reduced temperatures by phenomenal 
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gains in strength. At temperatures above 
40 K a single neck eventually forms and 
the load drops precipitately although the 
true stress is still rising. At lower tem- 
peratures, especially below 30 K multiple 
necks may, and generally do, occur. 
(See Figs. 11(6) and 11(d).) The gain in 
strength from the work hardening and 
the hardening caused by phase changes 
eventually more than compensates for 


Fic. 13.—Longitudinal Failure, Type 303. 
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the reduction of area of a neck, thereby 
slowing down or stopping its develop. 
ment and permitting a new neck to start. 
When the specimen is finally broken, 
rupture does not necessarily take place 
in one of the necks. ah) tales 
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The dotted portions of the curves in 
Figs. 7, 8, 9, and 10 represent multiple 
discontinuities of the type noted above 
as having occurred with stainless steel 
in torsion. These are shown in greater 
detail in Fig. 12. The almost vertical- 
parallel lines are plotted from two or 
more observations each. They are por- 
tions of a stress-strain curve of an elastic 
material. The upper ends of the lines 
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indicate the maximum stress attained 
before a catastrophe occurs. The speci- 
men suddenly elongates by a definite 
and fairly constant amount of 0.005 in. 
in the beginning and by a larger and more 
variable quantity toward the end of the 
test. The lower ends of the lines are not 
significant. They are determined by the 
rate at which the load is applied and the 
“softness” of the apparatus. With a rigid 
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This is taken to mean that the stepwise 
elongation is a localized phenomenon. 
For a long test section more steps occur 
for a given percentage elongation. Very 
high strain rates are attended by rapid 
oscillation of the stress between high and 
low values. At lower rates of strain the 
stress, although a quite irregular func- 
tion of strain, remains near the peak 
values obtained at high strain rates. 
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Fic. 14.—Stress-Strain Curves Initiated at Low-Temperature, Completed at Room-Temperature. 


apparatus and a very low strain rate it 
is assumed that the specimen would be 
completely unloaded when the slip takes 
place. The effect was noticed in all four 
types of stainless steel at very low tem- 
peratures, below 45 deg for 303, below 
38 deg for 302, below 35 deg for 310, 
and between 33 and 30 deg for 416. 
Brittle failure before yielding occurred 
in type 416 at temperatures below 30 K. 
The observed increments of length of 
approximately 0.005 in. are the same 
for 1-in., 2-in., and 3-in. test sections. 


In Fig. 11 are shown standard speci- 
mens, one in its original condition and 
others after failure. In Fig. 11(f) is 
seen a specimen of 416 which snapped 
into three pieces even after necking con- 
siderably. Brittle failure in the heavier 
section is seen in Fig. 11(g) (also 416). 
Type 310 is unusual at low-temperatures 
for two reasons: although this material 
is quite ductile no neck is formed and 
the surface Fig. 11(h) appears beaded 
after appreciable elongation. 

In Fig. 13 is shown the result of at- 
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tempting to break a specimen (303) 
whose test section was too large. The 
original form of the specimen is seen in 
Fig. 13(a). In Fig. 13(6) is seen the char- 
acteristic type of failure at 110 deg K. 
The shoulder has been sheared from the 
lower end of the specimen. In Fig. 13(c) 
this type of failure can be seen in an 
early stage. A crack has started in the 
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temperature treatment. Reference was 
made above to the unexpected elongation 
which is noticed at almost constant stress 
just at the yield point and to the rapid gain 
in strength with further strain beyond 
this stage. The upper right-hand curve in 
Fig. 14 indicates that a specimen brought 
to the critical point of maximum strain 
with no gain in strength at 164 K and 
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F Fic. 15.—Rupture Stress of Various Metals as a Function of Temperature. 


9 
fillet and is being propagated in a direc- 
tion parallel to the axis. 

The effect of various amounts of low- 
temperature straining upon the room- 
temperature properties of stainless steel 
303 is presented in Fig. 14. It will be 
noted that yielding begins at room tem- 


ment, at a stress equal to or greater than 
the maximum attained during the low- 


perature after a low-temperature treat-_ 


further strained at room temperature is 
least ductile of all. This result has been 
checked by two additional trials. 
Rupture stress (based on the reduced 
section at rupture) as a function of tem- 
perature is given for the four types of 
stainless steel in Fig. 15. Scattering of 
results is fairly severe, but impressive 
magnitudes are generally attained, es- 
pecially with types 302 and 303. _ 
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ConcLUsIONS 

Certain steels exhibit at very low 
temperatures marked discontinuities in 
the stress-strain relationship especially 
at high strain rates. The sudden increases 
in length are fairly uniform in magnitude 
(0.004 in. 0.005 in.) and independent 
of the length of the specimen. The 
specimen may or may not gain in 
strength after a number of such sudden 
increases in length. 

The improvement in room tempera- 


ture properties by work hardening at low 
temperatures depends, in the case of 
type 303 at least, upon the extent of the 
work hardening and may actually be 
negative for intermediate amounts. 

For further work it is proposed to make 
the required changes in the apparatus 
for testing brittle specimens and to 
choose material whose composition and 
history are known. More attention will 
be given to change in microstructure, 
density, and resistivity. 


1) D. J. McAdam, G. W. and 7 J. Crom- 
well, “Influence of Low Temperature on 
Mechanical Properties of 18-8 Chromium 
Nickel Steel,’’ Journal of Research, Nat. 
Bureau Standards, Vol. 40, pp. 375-392 
(1948). 
V. N. Krivobok and A. M. Talbot, “Effect 
of Temperature on the Mechanical Proper- 
ties, Characteristics and Processing of 
Austenitic Stainless Steels,’ Proceedings, 
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Mr. E, T. Wessev.'—The authors are 
to be commended for their very interest- 
ing paper. I would like to contribute 
some additional discussion concerning 
the marked discontinuities in the stress- 
strain relationship which were observed 
and described by the authors for the 
case of the stainless steels tested at low 
temperatures. 

During recent low-temperature me- 
chanical property investigations? con- 

‘Ressavels Engineer, Westinghouse Research 
Lab., Pittsburgh, Pa. 

E. T. Wessel, “Some Exploratory Observa- 
tions of the Tensile Properties of Metals at Very 
Low Temperatures,” ASM Preprint No. 3 


(1956), Transactions, Am. Soc. for Metals, Vol. 
49 (1957). 
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secutive yielding, as was also true for _ the nickel and zirconium where the order 
the stainless steels tested by Collins of 100 yields occurred in each test at 4.2 
and colleagues. The number of repeated Kelvin. Contrary to the observations of 
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Fic. 16.—The Effect of Temperature on the Stress-Strain Curves of Commercially Pure Nickel 
(fcc) in the Annealed Condition. 
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Fic. 17.—The Effect of Temperature on the Stress-Strain Curves of Crystal Bar, Vacuum Arc 
Remelted Zirconium (cph) in the Annealed Condition. 


yieldings (serrations), for any one test the present paper, the amount of plastic 
to fracture varied between metals as _ extension associated with each yielding 
well as in any one metal tested at differ- was observed to increase gradually as 
ent temperatures (see Figs. 16 to 20). straining increased. As the test pro- 
The serrations were most numerous in ceeded, the magnitude of the drop 
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in load and associated plastic strain 
increased while the frequency of the 
serrations decreased. 

The onset of repeated yielding gener- 
ally occurred in the temperature range 
of 35 to 45 Kelvin for most metals. As 
the test temperature decreased, the in- 
tensity of the repeated yielding in- 
creased, being most severe at 4.2 Kelvin. 
For those metals which became brittle 


suggests that one general mechanism 
may be responsible for the flow behavior 
of all metals at these very low tempera- 
tures. The exact mechanism for this 
behavior has not been conclusively 
determined but is thought to be asso- 
ciated with repeated mass. release 
(bursts) of dislocations triggered by the 
high local stresses involved and aided to 
some extent by localized heating. 
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Fic. 20.—The Effect of Temperature on the Stress-Strain Curves of SAE 3335 Steel (bec) in the 


Quenched and Tempered Condition.® 


at low temperatures, it was observed in 
many cases that the metal actually 
yielded and failed by brittle fracture 
during this initial yielding.‘ 

The observation of repeated yielding 
as a mode of plastic deformation in so 
many metals of various lattice struc- 
tures when tested at low temperatures 


4E. T. Wessel, ‘‘A Tensile Study of the Brittle 
Behavior of a Rimmed Structural Steel,’’ Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 56, p. 540 
(1956). 


Mr. GEeorGceE Sacus.*—It seems that 
some of the stainless steels, such as type 
310, which possess a stable structure, did 
not develop discontinuous yielding, while 
other steels which have a tendency to 
form ferrite on straining show a pro- 
nounced jog. Is there any such relation 

5 R. D. Olleman, “‘A Tensile Study of Temper 
Brittleness in SAE 3335 Steel At Temperatures 
From 25 C to —269C,” Ph.D. Thesis, Univer- 
sity of Pittsburgh, June 1955. 


® Associate Director, Syracuse University Re- 
search Inst., Syracuse, N. Y. 
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between discontinuous plastic flow and 
transformations or precipitation of the 
alloy? 

Mr. S. C. (author)—It is 
beyond my competence to remark on 
this, though it may well be correct. 

One thing should be pointed out 
which was not mentioned before. That 
is that these discontinuities are some- 
what a function of the rate of strain, es- 
pecially at the higher temperatures. For 
instance, in 310 and in 303, by going 
sufficiently slowly the onset of such 
things has been deferred until the tem- 
perature gets down low in the 20’s— 
that is, 20 Kelvin or thereabouts— 
whereas if a reasonable speed is kept up 
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they show up somewhere near 40 or even 
45 on the test. 

CHAIRMAN F. L. LaQur’.—Have 
the authors made any observation on 
possible changes in structure of the 
material as a result of a combination of 
low temperature and strain? 

Mr. the examination 
has not been too professional. Photo- 
micrographs were made, and some 
X-ray examinations. We found nothing. 

At one time an assistant was very 
much interested in the matter of twin- 
ning, and found no correlation between 
that and the discontinuities. 

7 Vice-president and Manager, Development 


and Research Div., The International Nickel 
Co., New York, N. Y. 
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THE EFFECTS OF STRAIN RATE AND TEMPERATURE ON THE 
STRESS-STRAIN RELATIONS OF DEEP-DRAWING STEEL* " 


R. J. MacDonatp,! R. L. CARLSON,” AND W. LANKFORD* 


- This paper discusses the effects produced by a range of strain rates (0.002to 8 


0.8 in. per in. per sec) and temperatures (75 F. to 300 F) on the stress-strain wale 
properties of fully aluminum-killed temper-rolled steel. It is shown that the 
__ yield point phenomena and work-hardening characteristics of steel can be “i 
markedly affected by variations in both strain rate and temperature. Reference 
is made to dislocation theory and to velocity-modified temperature relations. ihe 
Strain hardening is described by the exponent m (from the equation Ino = 
In B + n In 4), and also by the tangent modulus. It is concluded that the 


The ability of a sheet metal to stretch 
uniformly over relatively large areas 
without a localization of deformation 
during deep-drawing and _ stretching 
operations is a highly desirable charac- 
teristic. Although a simple tension test 
does not completely simulate the com- 
plex conditions existing during such 
operations, wide experience has provided 
some insight into tensile characteristics 
that are desirable. In general, these 
characteristics are related to the type 
of flow observed—homogeneous or dis- 
continuous—and the rate of strain 
hardening. The behavior of a given 
material, however, can vary consider- 
ably over wide ranges of strain rate and 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Principal Metallurgist, Battelle Memorial 
Inst., Columbus, Ohio: now Senior Met- 
allurgist, Clevite Research Center, Cleveland, 
Ohio. 

2 Assistant Division Chief, Battelle Memorial 
Inst., Columbus, Ohio. 

3Chief Research Engineer, Specialty Prod- 
ucts, United States Steel Corp., Monroeville, 


Pa. 
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latter index offers a more reliable indication of strain hardening. 


temperature. To realize its true poten- 
tial, therefore, a material should be 
studied over whatever ranges of these 
variables are representative of actual 
practice. 

With conventional tension testing 
equipment, for example, the maximum 
rate of head movement is in the neigh- 
borhood of 1.0 in. per min. During deep 
drawing, however, rates approaching 
100 in. per min are ccmmon. To simu- 
late, as nearly as possible, the deforma- 
tion rates encountered during deep- 
drawing operations, special tension 
testing equipment was designed for use 
in this investigation. This paper presents 
data on the effects of strain rate and 
temperature on the stress-strain proper- 
ties of deep-drawing steel. 

EXPERIMENTAL PROCEDURE AND 
MATERIAL 

High strain rates were obtained by 
using a Denison hydraulic press in con- 
junction with a specially designed sub- 
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press. The Denison hydraulic press 
had a maximum load capacity of 10 
tons and could be adjusted so that the 
rate of ram movement could be varied 
from about } in. per min to 190 in. per 
min. Using a standard sheet tension 
specimen with a 4-in. gage section, 
strain rates from 0.001 to 0.8 in. per 
in. per sec were possible. 

To transfer the downward movement 
of the hydraulic press to that of a tensile 


Fic. 1.—Subpress for High-Speed Tension Tests. 


force on a sheet-steel specimen, a jig 
or subpress was designed. This subpress 
is shown in the schematic drawing in 
Fig. 1. The subpress consists of an 
upper stationary head, A, supported by 
four posts, B, and a lower movable 
head, C, from which two rods, D, 
extend upward through bearing-fitted 


‘This equipment is described in greater de- 
tail in a paper by MacDonald, et al., entitled 
“An Apparatus for the Determination of 
Stress-Strain Properties at High Rates of 
Strain’? to be published in the Proceedings of 
the Society for Experimental Stress Analysis, 
Volume XIV, Number 1, 1956. 


someter. SR-4 wire 
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holes in the stationary head, and con- 
tact the moving ram of the press. A 
dynamometer or load-measuring bar, 
E, is attached to the upper head, 4, 
in series with the upper specimen grip, 
F. The lower specimen grip, G, is 
attached directly to the lower head, C. 
To adapt the subpress for tests at 
elevated temperatures, an insulated 
tank was attached to the lower movable 
head. This arrangement allowed the 
specimen to be completely submerged 
in heated oil during the test. Oil tem- 
peratures were maintained constant 
within +} F by a thermostatically con- 
trolled knife heater inserted into the 
tank. 

Head speeds were measured by timing 
electronically the rate at which the 
moving ram of the press traveled a 
calibrated distance during the tension 
test. The tensile load was measured by 
the dynamometer bar linked with the 
stationary head of the subpress. SR-4 
wire strain gages were mounted to two 
opposite faces of the bar. The strains 
produced in the dynamometer bar with 
the application of a tensile load were 
measured and recorded by a Brush 
strain analyzer and oscillograph. The 
dynamometer bar was calibrated in a 
Baldwin-Southwark universal testing 
machine. 

Strain during the tension test was 
measured by an extensometer, which 
was a special adaptation of the clip 
gage. It was so designed that the clip 
gages could be located outside of the 
constant-temperature bath. With this 
arrangement, the extensometer was 
fully extended when the knife-edged 
clamps were set at the 2-in. gage length. 
As the specimen elongated, the clip 
gages were allowed to return to their 
normal relaxed position. This permitted 
the test to be continued to failure with- 
out the necessity of removing the exten- 


strain gages were 
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mounted to each face of the extensome- 
ter loops. The signal from the strain 
gages was amplified and recorded on 
the two-channel Brush oscillograph, 
simultaneously with the applied load. 
A typical load-extension pattern, as re- 
corded by the Brush oscillograph, is 
shown in Fig. 2. 

True stress-true strain data were 
obtained from nominal stress and strain 
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and true strain, In versus In plots were 
made, and the data were found to satisfy 
the well-known empirical relation « = 
Bé". The constants B and m were ob- 
tained by graphical measurement. 

Data concerning initial yielding be- 
havior, that is, the existence of a yield 
point phenomenon, were obtained from 
the recorded values of load and nominal 
strain indicated by the Brush oscillo- 


Time 


in., and 
€ = nominal strain, in. per in. 
Using calculated values of true stress 


5In obtaining these relations it is assumed 
that the volume remains constant during 
straining. 


strain 


instances, 


| | et 

| [ —h 

\ 

values by the use of the following rela- graph. True stress and true 

tions:5 values at maximum load were deter- 
OO mined by observing the point at which 
(i + 6), the recorded value of applied load be- 

5 = In (1 + ©), however, this measurement was diff- 
a which: ae cult because of the flatness of the load 
curve in this region. Such a condition, 
therefore, did not permit as accurate 
< lied load _ readings of true strain at maximum 

load as was desired. 
A, = original cross-sectional area, sq 


The material used in this investigation 
was a fully aluminum-killed, temper- 
rolled sheet steel which was supplied by 
the United States Steel Corp. The aver- 
age thickness of this sheet stock was 
0.038 in. 
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Fic. 3.—Nominal Stress-Strain Curves for Special-Killed, Temper-Rolled Steel as Affected by 
Strain Rate and Temperature. 


Test RESULTS F were studied. The data were analyzed 

In this investigation, the effects of With special attention given to the 

strain rates of 0.002, 0.005, 0.01, 0.1, initial yielding behavior and the work- 
0.4, and 0.8 in. per in. per sec, and tem- _ hardening index. 

peratures of 75 F, 150 F, 225 F and 300 In Fig. 3, a series of typical nominal 
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stress-strain curves’ are presented for 
the fully aluminum-killed, temper-rolled 
steel under varying strain-rate and tem- 
perature conditions. It is apparent that 
the presence of a yield poiut is greatly 
influenced by both the rate and the 
temperature of deformation. It is in- 
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Aluminum-Killed, Temper-Rolled Steel. 


teresting to note that a yield point is 
evident with temper-rolled steel even 
at the highest temperature (300 F), if the 
rate of deformation is sufficiently large. 

® The results reported were taken from typ- 
ical tests. Actually, a minimum of two speci- 
mens were used for each set of testing conditions. 


The agreement of data was within a deviation 
of 2 per cent. 


. 


Fic. 4.—The Effect of Strain Rate and Temperature on the Upper Yield Stress of Fully 


At room temperature, the yield point is 
suppressed only by straining at the lower 
rates of strain (0.005 and 0.002 in. per 
in. per sec). With the standard rate of 
tensile straining (about 0.001 in. per 
in. per sec), temper-rolled steel usually 
indicates no yield point phenomenon, 


The dotted line in Fig. 3 designates 
approximately the strain-rate range 
above which a particular test temperature 
can result in a yield point. In observing 
the characteristics of the yield point, it is 
apparent that, for a given strain rate or 
temperature, there exists a gradual 
transition from a normal yielding be- 
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havior (rounded stress-strain curve) to 
discontinuous yielding behavior. 

In Figs. 4 to 9, the variations of stress- 
strain properties, as affected by strain 
rate and temperature, are represented 
graphically. The upper yield point (in 
Fig. 4) indicates a general tendency to 
increase with increasing strain rate and 
with decreasing temperature. As can be 
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points. It is significant that the intensity 
of yield point increases gradually with 
increasing rates of deformation and with 
decreasing temperatures. 

The variation of the degree of non- 
homogeneous yielding or yield point 
elongation associated with the yield 
point is shown in Fig. 6. The maximum 
amount of nonhomogeneous yielding 
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Fic. 7.—The Effect of Strain Rate and Temperature on the True Stress at Maximum Load of 


Fully Aluminum-Killed, Temper-Rolled Steel. 


inferred from the stress-strain curves in 
Fig. 3, a significant increase in yield 
stress with variations in deformation 
conditions is apparent only when a yield 
point is indicated. When the yield 
point is suppressed, the variation in 
yield stress with either strain rate or 
temperature is negligible. 

In Fig. 5, the term, A, yield point, 
represents the difference in stress level 
between the upper and lower yield 


(approximately 0.02 in. per in.) is indi- 
cated with a temperature of 75 F and a 
strain rate of 0.8 in. per in. per sec. 
It is interesting to observe that as the 
yield point becomes more intensive, the 
amount of nonhomogeneous yielding 
associated with it increases very rapidly. 

Figure 7 indicates the observed rela- 
tions between strain rate, temperature, 
and the true stress at maximum load. 
In a comparison with the variations of 
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initial yielding behavior, it can be noted 
that the value of true stress at maximum 
load is affected only under those condi- 
tions in which a yield point is exhibited. 


\ 


Fic. 8.—Effect of Strain Rate and Temperature on the Work-Hardening Index, n, of Fully Alumi- 
num-Killed, Temper-Rolled Steel. 


In a similar fashion to the behavior of 
yield point phenomenon, the true 
stress at maximum load increases with 
greater rates of deformation and with 
lower temperatures. 

Figures 8 and 9 indicate the dependen- 
cies of the constants 2 and B, from the 


empirical stress-strain equation o = 
Bé", with strain rate and temperature. 
With the fully aluminum-killed, temper- 
rolled steel used in this study, tension 
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data fit a relation of the type In o = 
In B+ n 

Essentially, these data for the varia- 
tion of x with B with strain rate and 
temperature suggest that these param- 
eters become sensitive to change only in 
certain strain-rate and temperature 
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ranges. Increases in both # and B seem 
to be apparent with the lower strain 
rates and with the higher test tempera- 
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to 


load generally reveals no significant 
variation with either strain rate or 
temperature. 


Fic. 9.—Effect of Strain Rate and Temperature on the Strength Index, B, of Fully Alumi- 


num- Killed, Temper-Rolled Steel. 


tures. With lower test temperatures and 
greater strain rates, m remains essen- 
tially constant, although B exhibits a 
tendency toward rate and temperature 
sensitivity much like that reported for 
the upper yield stress and the true stress 
at maximum load. The significance of 
these findings will be discussed in a 
later section of this paper. 

The true strain measured at maximum 


i 
-Discussion or REsutTS 


The results of this study have indi- 
cated that both strain rate and tem- 
perature can markedly alter the general 
appearance of the stress-strain curve of 
deep-drawing steel. The discussion of the 
relations between straining conditions 


and stress-strain properties will be 
divided into four sections: (1) initial 
yielding behavior, (2) factors influencing 
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flow, (3) indices of strain hardening, 
and (4) application of equations of state. 


Initial Yielding Behavior: 


The yield point phenomenon com- 
monly observed with low-carbon steel 
can be suppressed under straining con- 
ditions by slightly working the steel 
prior to deep drawing or stretching. 
This is usually accomplished by temper 
rolling with extensions of from 4 to 2 
per cent. The suppression of the region 
of nonhomogeneous yielding and the 
lowering of the upper yield stress by 
temper rolling has been suggested by 
Polakowski (1)? and Hundy (2) to be 
related to the plastic working of the 
surface layer during the reduction opera- 
tion. They attribute this effect to the 
residual stress distribution in the metal 
sheet (tensile stresses at the worked 
surface and compressive stresses at the 
center). Because of the existence of ten- 
sile stresses in the surface layer, yielding 
will be initiated at a lower stress value 
than that which would be required in 
the absence of residual stresses. Any 
tendency, however, for the surface 
grains to yield in a cataclysmic manner, 
as typified by the yield point phenome- 
non, will be restrained by the still elas- 
tic core of the sheet. The over-all result 
is a gradual slope or rounding of the 
stress-strain curve. 

In this investigation, it was found that 
the characteristic yield point associated 
with annealed steel can be suppressed 
by temper rolling only for certain test 
conditions. In general, high strain rates 
or low test temperatures still allowed 
the formation of a yield point, which 
ordinarily would not be exhibited by 
temper-rolled steel under normal testing 
conditions. The fact that a yield point 
exists under certain conditions of de- 


7 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 720. 
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formation suggests that temper rolling 
only serves to decrease the rate and 
temperature sensitivity of the steel. 
In light of this observation, the removal 
of the yield point according to the “resid- 
ual stress” explanation probably re- 
quires modification. It may be possible, 
for example, that a “size effect” must be 
accounted for. 

As theorized by Cottrell and Bilby 
(3, 4), the yield point phenomenon ob- 
served with annealed steel may be asso- 
ciated with the collection of ‘“atmos- 
pheres” or “clouds” of solute atoms 
around dislocations. These solute at- 
mospheres are thought to be composed 
of carbon or nitrogen or both carbon 
and nitrogen, atoms. It is postulated 
that, in order to tear dislocations away 
from their restraining atmospheres, a 
high applied stress is necessary. Once 
these dislocations are released from these 
barriers, however, they can _ travel 
through the specimen at a reduced load. 
Thus, the sharp yield point commonly 
found with annealed, low-carbon steels 
can apparently be explained by the use 
of the theory of dislocations. 


A few investigators have attempted | 


to relate the combined effects of strain 
rate and temperature by a single mathe- 
matical expression, such as the use of a 
velocity-modified temperature. The test 
data collected from this study will be 
considered from this point of view in a 
later section of this paper. 


Factors INFLUENCING FLOw 


In discussing the dependencies of 
metal behavior upon strain rate and tem- 
perature during plastic deformation, it 
is useful to examine briefly the effects of 
dislocation and solute-atom movement. 


Once an atmosphere of solute atoms has | 


collected around a stationary dislocation, 
any movement of the dislocation rela- 
tive to the atmosphere results in a rise 

strain energy. The solute-atom atmos- 
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phere thus exerts a restraining force on 
the dislocation. If the temperature 
and rate of deformation are such that 
the solute atoms can diffuse along with 
the moving dislocations, then the at- 
mospheres can continue to exert a re- 
straining force on the dislocation. For a 
given strain rate, therefore, there will be 
a temperature at which solute atoms are 
just sufficiently mobile to follow and to 
restrain the dislocations. The greatest 
strengthening effect should be apparent 
when the drift velocity of the solute 
atom equals the velocity of the dis- 
location itself. According to Cottrell 
(6), the condition for this is that the 
diffusion coefficient of the solute atom 
should be: 


D = (107 sq cm) é (1) 


where: 
é=strainrate persec. 

With the slowest strain rate considered 
in this study (0.002 in. per in. per sec), 
the diffusion coefficient from Eq 1 would 
be 10-1 sq cm per sec. According to 
diffusion data established for both car- 
bon and nitrogen in alpha iron at tem- 
peratures of interest in this study, it is 
found that the maximum diffusion coef- 
ficient (at 300 F) is of the order of 10-” 
sq cm per sec. This is a deviation of 
about 100 from the theoretical value 
found with Eq 1. The theoretical dif- 
fusion rate, however, must be regarded 
as only a rough indication of the general 
order of magnitude. In experimental 
work reported by Cottrell (8), the small- 
est rate of diffusion of nitrogen at which 
strengthening occurred during plastic 
deformation also indicated a discrep- 
ancy of about 100 from the calculated 
value. 

Although the agreement between ex- 
perimental behavior and theory is off 
by a few orders of magnitude, the above 
explanation still is plausible for the ob- 
served increase in the work-hardening 
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index at the lower strain rates and higher 
temperatures (see Fig. 8). 


INDICES OF STRAIN HARDENING 


No single laboratory test has yet been 
devised that gives completely adequate 
indices of the properties that determine 
the deep-drawing and stretching charac- 
teristics of a sheet metal. Despite limita- 
tions, however, existing tests and 
methods of analysis have served as use- 
ful guides for evaluating formability. 

One of the most simple tests for study- 
ing plastic response is the tension test. 
In this study, as in many others, the 
tension data have been found to fit the 
well-known empirical relation ¢ = 
Bé". In this expression, the constant » 
is usually referred to as the strain- 
hardening exponent. Since this designa- 
tion implies a sensitivity to strain 
hardening, it seems reasonable to regard 
the constant as an index of strain 
hardening. The actual rate of strain 
hardening, however, can be obtained by 
differentiating the equation ¢ = Bé" 
to obtain the tangent modulus: 


For purposes of comparison, consider 
the value of this expression at the true 
strain at maximum load. Since the true 
strain at maximum load is mathemat- 
ically equal to the constant x, 


do} 
(2) 

d5 


Using this expression, tangent-modu- 
lus calculations at maximum load were 
made for the test data obtained in this 
study. The results, together with the 
corresponding values of » and B are 
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given in Fig. 10. Comparisons of the 
corresponding curves indicate that, in 
general, the trends of the variations for 


3 and B are similar. The variation of 


n, however, is dissimilar to that for 


e and B. Whereas the plot of versus 


strain rate indicates that 1 is relatively 
constant for rates greater than 0.10 in. 
per in. per sec the tangent modulus 
shows a steady increase with increasing 
strain rate. 

The preceding discussion suggests 
that the constants » and B should be 
interpreted with caution. The constants 
undoubtedly are of value as indices of 
plastic behavior, and comparisons of » 
and B values for two metals will cer- 
tainly provide useful information on 
the relative response to loading. Care, 
however, should be exercised in inter- 
preting the significance of these con- 
stants. Reference to Fig. 10, for example, 
indicates that the strain-hardening ex- 
ponent, , is relatively unaffected by 
high strain rates. This is not an accurate 
picture of the strain-hardening response, 
however. The plot of the tangent modu- 
lus indicates the fallibility of such an 
interpretation. Here, a distinct sensitiv- 
ity is observed, and it would appear that 
B, the so-called strength index, is a 
better strain-hardening index at maxi- 
mum load than ». 


APPLICATION OF EQUATIONS OF 
STATE 


The search for support of mechanical 
equations of state has interested engi- 
neers for many years. Since such equa- 
tions involve only instantaneous values 
of the variables, the “state’’ is independ- 
ent of prior history. The gas laws are 
examples of valid equations of state. 
Experience has indicated, however, 
the equations of state for metals can 
be valid only over limited ranges of such 
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variables as strain rate and temperature. 
Also, history has been observed to in- 
fluence the final “state.” 

Several equations of state for metals 
have been based on the fundamentals 
of reaction-rate theory. One such ap- 
proach has been suggested by MacGregor 
and Fisher (9) who formulated the con- 
cept of a velocity-modified temperature. 
According to their derivation, the stress 
for a particular value of strain was a 
function of a velocity-modified tempera- 
ture, T;,,. That is, the stress, S, could be 
described by the functional relation: 


where: 


r(1 kin)... (5) 


and & and é were related to reaction- 
rate equation constants. 

MacGregor and Fisher found evidence 
that indicated that, so long as T1,, 
remained fixed (J and é can be varied 
to maintain T,, constant), the value of S 
remained unchanged. This lends some 
support to the validity of Eq 4. It 
should be noted, however, that, although 
the range of temperatures studied ex- 
perimentally was large (—298 to 1232 
F), the range of strain rates was not 
too large (5S X 10-5 to 500 X 10° in. 
per in. per sec). Since the variation in 
strain rate studied in the program de- 
scribed by this paper is considerably 
greater (200 X 10-5 to 80,000 in. 
per in. per sec), it is of interest to apply 
the velocity-modified-temperature con- 
cept to the data obtained. 

To compute 7,,, the values of k and 
é. used by MacGregor and Fisher were 
utilized. According to their data, k 
was apparently the same for all of the 
metals they studied (annealed SAE 1020, 
annealed SAE 1045, and annealed 
brass). Since k is an index of strain-rate 
sensitivity, a lack of variation in k 
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for the different metals implies the same 
sensitivity to strain rate. There appears 
to be no reason to suspect, however, 
that k should not be different for different 
metals. 

Plots of stress versus T,, for the fully 
aluminum-killed, temper-rolled steel are 
given in Fig. 11. The upper points indi- 
cate the stresses that correspond to a 


17 


sistent trend. The randomness of the 
scatter, in fact, tends to suggest that the 
deviation of the points from the curves 
is of the order of the experimental 
accuracy. It should also be noted that 
changes in & did not materially reduce 
the scatter. 

The stress S for each curve in Fig. 11 
is described as the “stress reaction’ 


Stress, psi 


k = 0.018 


z 


ek 


Tm log, | 
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Velocity - Modified Temperoture, Tm deg Kelvin 
Fic. 11.—Stress Versus Velocity-Modified Temperature for a Fully Aluminum-Killed, Temper- 


Rolled Steel. 


strain of 0.15 and the lower points 
those that correspond to a strain of 0.05. 
The groups of points are identified 
according to test temperature below 
the curves. For a given test tempera- 
ture, the highest strain rate is the first 
point on the left of a given group. 
The curves drawn in Fig. 11 indicate 
1 fair correlation with the parameter 7,,,. 
Although the scatter appears to be sig- 
nificant, there does not seem to be a con- 


caused by straining to a certain value of 
strain for a given 7,,. If the upper yield _ 
stress can be considered the “stress 
reaction” at the initiation of plastic 
flow, it should be possible to observe a 
continuous variation of upper yield 
stress with 7,,. To check this possibility, 
the plot of Fig. 12 was prepared. It is 
apparent from the plot that the upper | 
yield strength is considerably more 
strain-rate sensitive than the remainder — 
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of the stress-strain curve. It is of interest 
to note, however, that, had tests been 
conducted only over rates of from 200 
xX 10-* to 1000 X 10~° in. per in. per 
sec, an apparent correlation, as indi- 
cated by the dashed curve, would have 


it 40000 


that described above has been suggested 
by Zener and Hollomon- (10). This 
parameter is of the form: go od 
fics? och? 


at 


psi 


Stress 


> 


@ 297K (75F) 


o 339K (I5OF) 
@ 380K (225F) 
4 422K (300F) 


260 280 300 320 


4 


Velocity - Modified Temperoture, Tm deg Kelvin 


340 360 380 400 


Fic. 12.—Upper Yield Stress Versus Velocity-Modified Temperature for a Fully Aluminum- 


Killed, Temper-Rolled Steel. 


been obtained (the upper three points of 
each group would be missing). 

The nature of the deviation of the 
points for high strain rates from a con- 
tinuous curve suggests that the validity 
of concepts such as the velocity-modified 
temperature could have what might be 
termed a “local validity.” For a given 
value of the parameter 7,,, for example, 
the acceptable values of €é and TJ are 
bounded. If this is true, and it is reason- 
able, the equation S = f (7,,) is not 
valid for all possible 7,,,. 

A parameter of a form different from 


é€ = the strain rate, io 
T = the absolute temperature, 
R = the gas constant, and 
q can be considered an activation energy. 
In terms of stress reaction, S, 
S =f (P) whe 
If this equation is valid, constant 
values of P, for a given strain, will re- 
sult in equal vaiues of S. 
Although the form of the above equa- 
tion suggests a thermodynamic deriva- 
tion, it apparently evolves from two 
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empirical relationships. It has been 
found (11) that the relationship between 
strain rate é and stress, S, for a given 
strain and temperature is often de- 
scribed by 
| 
where: 
A and n are constants. (NoTE.—A and 
nm may vary with temperature.) 
Further, it has been found that the 
relationship between stress, S, and ab- 
solute temperature for a given strain 


1 Q 
S = Bexp—............ (8) 
Wi 
where: aunt 


B and Q are constants and R is the gas 
constant. (Note.—B and Q may vary 
with strain rate.) 

If a functional relationship for the 
combined effects of strain rate and tem- 
perature exists, it should reduce to 
Eq 7 or Eq 8 when the temperature or 
strain rate is held constant. A functional 
form that satisfies this requirement has 
been suggested by Zener and Hollomon 
(9) of the form: 


‘Using the data obtained on fully 
aluminum-killed, temper-rolled steel for 
this program, it was found that Eqs 7 
and 8 were satisfied. It was found, how- 
ever, that 2 was temperature dependent 
and Q was strain-rate dependent. 

Though the data were described by 
Eqs 7 and 8, Eq 9 was found to be 
invalid. The reason for the failure of 
Eq 9 can be seen by considering the 
behavior of 2 and Q. 

Satisfaction of Eqs 7 and 8 implies: 


S= (om exp 


or wieder tutest 
go law 


Q 


If ‘ = q, and q is constant, independent 


of temperature and strain rate, then: 


q 


Equation 10 can then be written in 
the functional form of Eq 9. That is: 


s =1( sep 
b 


Prior to Eq 10, however, it was noted 


Q 


that g must be constant and equal to~. 
n 


The value Q, however, was observed to 
be different for different strain rates, 
and m varied with temperature. In 
order, then, for g to be independent of 
temperature and strain rate, Q and n 
must vary in such a fashion as to main- 


Q 


tain the ratio = constant. Since this 
n 


condition was not satisfied, Eq. 9 was 
not valid for the data obtained. It is 
thus seen that data described by Eqs 7 
and 8 are not necessarily described by 
the functional relationship indicated in 
Eq 9. 


@ 
This paper discusses the effects pro- 
duced by a range of strain rates (0.002 
in. per in. per sec to 0.8 in. per in. per 
sec) and temperatures (75 F to 300 F) 
on the stress-strain properties of fully 
aluminum-killed, temper-rolled steel. 
The equipment used for obtaining high- 
speed tension data is briefly described. 
In presenting the data, special attention 
is given to the yield point phenomena 
and the stain-hardening characteristics 
accompanying plastic deformation. It is , 
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shown that the yield point phenomena, 
which generally are absent with fully 
aluminum-killed, temper-rolled steel, oc- 
cur with considerable intensity at high 
rates of strain. Reference is made to 
dislocation theory and to velocity modi- 
fied-temperature relations. Strain-hard- 
ening is described by the exponent 
(from the equation log o = log B+ n 
log 5) and also by the tangent modulus. 
It is concluded that the latter index 
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Mr. R. H. HEYER' (presented in written 
form)—The authors are indeed to be 
complimented on developing a new and 
promising method for obtaining data on 
the plastic stretching behavior of sheet 
metals and on their application of the 
method to aluminum killed deep draw- 
ing steel. 

It has been known, from the work of 
Winlock and others, that high strain 
rates accentuate the yield point effect 
and increase the yield stress of rimmed 
low-carbon steels. It is also known that 
elevated testing temperatures have a 
marked effect on rimmed steels due to the 
so-called ‘“‘blue-brittleness” phenomenon. 

The yield point phenomena developed 
by the authors on temper rolled alumi- 
num-killed steels would not be predicted 
from these facts. 

The authors state that the material 
tested is fully aluminum killed; however, 
it would be reassuring to know that the 
metallic aluminum content is 0.03 per 
cent or greater, since lower residual 
aluminum can result in marginal sta- 
bility. 

While the emphasis in the paper is on 
yield point behavior, it would be of in- 
terest to know more about the measure- 
ments of uniform elongation; that is, the 
strain at maximum load. The authors 
mention the difficulty of measuring this 
value and state that true strain at maxi- 
mum load generally reveals no significant 
variation with either strain rate or tem- 
perature. This in itself is an interesting 
observation that the uniform elongation, 


' Armco Steel Corp., Middleton, Ohio. 


which has often been advocated as a 
criterion of drawability, is insensitive to 
strain rate and temperature. 

In devising Eq. 3 for tangent modulus 
the authors use the relationship “true 
strain at maximum load is mathemat- 
ically equal to the constant 7.” 

Did the authors use the true strain 
values represented by the constants n as 
a check against the true strain at maxi- 
mum load as determined by observation 
of the curves? 

Did the authors fit their calculated 
tangent modulus lines to the curves at 
the true strain values represented by x 
to observe the quality of the fit? 

Admittedly our choices of drawing 
criteria are rather speculative at this 
point. The tangent modulus at maximum 
load now takes its place as one of the 
newest criteria. 

Mr. W. T. (author).— 
With reference to Mr. Heyer’s question 
about the steel that was used, this steel 
would be considered as representative of 
good practice for fully aluminum-killed 
deep-drawing steel. The acid-soluble 
aluminum content was 0.065 per cent. 

Mr. R. J. MAcDona.p (author) —In 
general the true strains observed at 
maximum load did not correlate with the 
measurements of the constant . This 
may be interpreted in the following way. 

Generally there was difficulty in meas- 
uring the true strain at maximum load © 
because the recorded value of load on the 
oscillograph recording was quite flat, 
and therefore it was difficult to pick out 
the maximum point. The value of 
was taken, however, as a convenient way 
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of illustrating the use of the tangent 
modulus as an index of strain hardening. 

Future work will be directed along 
these lines and data fitting the tangent 
modulus curve will probably be reported 
in a future paper. 

Mr. J. J. PREIsLER.*—Have the au- 
thors investigated the effect of amounts 
of temper rolling—that is, amounts of 
deformation in temper rolling—on the 
suppression of yield point, or lack 
thereof, at high strain rates? 

Mr. MacDonatv.—This is being 
done at the present time. Being no longer 
with Battelle, I am not familiar with this 
data at present. The investigation is 
under way, however. 

Mr. E. T. Wessev.*—The authors 
are to be complimented on their paper, 
with particular reference to the exten- 
siveness of the data and the straight- 
forward manner in which it was pre- 
sented. Some questions arise which, while 
not directly related to the primary pur- 
pose of this paper, are pertinent to the 
dislocation anchoring concepts (3, 4)* of 
the yield point phenomena as reviewed in 
this paper. These questions are as follows: 

What minimum amount of non-elastic 
strain could be observed with the strain 
measuring techniques used in this in- 
vestigation? 

Were the authors able to observe any 
evidence of plastic strain prior to the 
upper yield point in those cases where a 
pronounced yield point was obtained? 
If so, what was the behavior of this pre- 
yield plastic strain as a function of both 
temperature and strain rate? 

These questions are prompted by re- 


2Sperry Gyroscope Co., Division of Sperry 
Rand Corp., Engineering Department, Stand- 
ards Engineering, Great Neck, N. Y. 

* Research Engineer, Metallurgy 
ment, Westinghouse Electric Corp. 
Laboratories, Pittsburgh, Pa. 

*The boldface numbers in parentheses refer 
to the list of references appended to the paper, 
see p. 720. 


Depart- 
Research 


ave - 
sults of recent experiments® which indi- 
cate that appreciable amounts of non- 
elastic strain precede the upper yield 
point in many body-centered-cuhic 
metals, particularly at low temperatures 
and slow strain rates. Such observations 
indicate that some modification of the 
dislocation anchoring concepts (3,4) of 
abrupt yielding is necessary since this 
mechanism does not necessitate any 
prior plastic strain of appreciable magni- 
tude. 

Mr. MacDonacp.—lIn general | 
would not consider the strain measuring 
apparatus to be sensitive enough to pick 
up any strain measurements prior to the 
initial yielding. It is around 0.005 in. per 
in., but actually, the way a measurement 
is taken human error can be anticipated, 
inasmuch as it involves taking readings 
from the recorded graph. 

Any information of this could not be 
type considered valid with such small 
strains. 

Mr. LAnkrorp.—One of the most 
significant things that is shown up by 
this work is the fact—and, a lot of people 
have recognized this before but it is 
brought out a little more vividly here 
than previously—that one must be 
careful in saying that steel does or does 
not exhibit a yield point. One must say 
that it does or does not exhibit a defi- 
nite yield point under certain specific 
conditions of strain rate and tempera- 
ture. 

In the other paper® that Mr. Mac- 
Donald mentioned, describing the test- 
ing technique in more detail, there is 
another example of the application of this 


5 Unpublished data—Westinghouse Research 
Laboratories, paper submitted to the American 


Institute of Mining, Metallurgical, and Petro- 
leum Engineers, Inc. 

®R. J. MacDonald, R. L. Carlson, and W. T. 
Lankford, “An Apparatus for the Determina- 
tion of Stress-Strain Relationships at High 
Rates of Strain,’’ Proceedings, Soc. Experimental 
Stress Analysis, Vol. 14, No. 1, pp. 163-170 
(1956). 
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technique in which the effects of varia- 
tions in the strain rate and temperature 
on the stress-strain relationships for 
wet hydrogen-treated steel were studied. 

Several years ago Gensamer and Low 
showed that the yield point could be 
eliminated from either killed or rimmed 
steel by the use of a wet hydrogen treat- 
ment. If the treatment that they pre- 
scribed is carried out and the same strain 
rates are used at which they tested, there 
is no definite yield point. However, if 
higher strain rates or lower temperatures 
are used, there is a definite yield point 
with considerable amounts of yield point 
elongation. 

Messrs. R. L. CARLson anp W. 7 
LANKFORD (authors’ closure).—In the pe- 
riod since the presentation of this paper, 
some question has arisen with regard to 
the ability of the recorder used to repro- 
duce faithfully the load-time response at 
the fastest strain rates. In these cases, at- 
tention would be focused on the interval 
during which the load is rising to the 
upper yield point. The recorder response 
is about 100 eps. For the fastest strain 
rate (0.8 sec~'), an elastic modulus of 
30 X 10° psi, and an upper yield stress 
of 30 X 10° psi, the time required to 
reach the upper yield would be of the 
order of 0.001 sec. This is clearly beyond 
the response of the recorder. 

A check of the load records, however, 
revealed that the measured time (the 
chart speed was known) to the upper 
yield point for the fastest strain rate 
was of the order of 0.01 sec. Since the 
rise to the upper yield point constitutes, 
in essence, a half cycle, the load record 
should provide a faithful record of the 
load response. 

Another point can be cited in support 


DISCUSSION ON STRESS-STRAIN RELATIONS OF DEEP-DRAWING STEEL 


723 


of the fact that the records obtained 
reproduce the actual conditions. The 
elastic modulus would not be expected 
to vary significantly in the temperature 
range studied (75 F to 300 F). The initial 
load impulse that the recorder would 
receive at a given strain rate should, 
therefore, be approximately the same. 
If the impulse time was less than that 
recordable, the record should be dis- 
torted in essentially the same manner for 
each of the test temperatures. Figure 3 
of the paper, however, shows that a 
distinct change in characteristics occurs 
with increasing temperature even for the 
fastest rate. This suggests that the re- 
corder was capable of responding to 
slight variations successfully. 

The fact that the time to the upper 
yield point is greater than would be antic- 
ipated from the indicated strain rates, 
means that the strain rate in the elastic 
range was slower than that after yielding 
(the rate after yielding was very nearly 
constant and is given by the indicated 
values). The tabulation below gives the 
strain rate values prior to and after 
yielding for each of the strain rates used. 
The values were computed from the 
recorder records. 


Approximate Strain Rate Strain Rate After Yielding 
Prior to Yielding per sec per sec 


0.002 0.01 


In describing the yield point behavior, 
the governing strain rates are, then, 


_ those in the column at the left. The strain 


rate conditions beyond the yield point 
are given in the column to the right. 
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While separately cast test bars are 
used as a basis for accepting or rejecting 
castings made from a given heat, it is 
generally agreed that test bar properties 
are not fully representative of the proper- 
ties of the castings. Test bars are de- 
signed, risered, and cast in a manner to 
produce optimum mechanical properties. 
The design features of saleable castings, 
however, are often such that conditions 
for obtaining maximum properties 
throughout the casting are not always 
present. Some specifications recognize 
the limitations of foundry practice with 
respect to aluminum alloys and require 
that test bars removed from castings 
shall have average tensile strengths and 
elongations which are not less than stated 
percentages of the values specified for 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Formerly, Head, Nonferrous Casting Unit, 
Naval Research Laboratory, Washington, D.C.; 
now Principal Metallurgist, Nonferrous Metal- 
lurgy Division, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

2? Metal Processing Branch, Metallurgy Div., 
Naval Research Lab., Washington, D.C. 


EFFECT OF GEOMETRY ON THE PROPERTIES OF C4A-T6 
AND SG70A-T6 ALUMINUM-ALLOY CASTINGS* 


ame By W. H. Jounson' anp H. F. BisHopP? 


¢ Tensile properties were determined at various locations in aluminum alloy 
(C4A-T6 and SG70A-T6) castings of different thicknesses and geometries and 
compared with properties obtained from separately cast test bars. The pro- 
perties of C4A alloy castings were shown to be more sensitive to cooling rates 
than those of the SG70A alloy. The properties of C4A alloy castings are also ~ 
affected to a greater extent by section thickness variations than in the case of 
SG70A alloy castings. It is shown that special molding and melting processes 
may be used to develop properties in castings which approach (alloy SG70A) 
or exceed (alloy C4A) test bar properties. 


Ges 


separately cast test bars. Such down- 
grading of mechanical property require- 
ments is necessarily somewhat arbitrary 
since there are very few published data 
pertaining to actual casting properties, 
but it does give the designer working 
constants which are more realistic than 
those indicated by separately cast test 
bars. 

The present study was aimed at es- 
tablishing relationships between test bar 
properties and properties which may be 
expected from aluminum alloy castings 
of different shapes and thicknesses. It 
was expected that such information 
would be of interest to the foundryman 
as well as the design engineer in that it 
may indicate preferable found roc- 


EXPERIMENTAL PROCEDURE 


Two aluminum alloys, C4A-T6 and 
SG70A-T6, were cast into the plate, L, 
T, and X shapes shown in Figs. 1 and 2. 
The smallest plate was 4 in. wide and 9 
in. long; the second plate was enlarged 
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Where: T= 3,4, or | 
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Fic. 2.—Joined Section Castings. 
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by increasing the length to 17 in.; the 
largest plate was maintained at the 17-in. 
length but increased in width to 12 in. 
Each of the 6 shapes were cast in thick- 
nesses of 3, 4, 1, and 2 in. with each of 
the two alloys. Each of the various cast- 
ings was fed with one 4-in. diameter, 
9-in. high riser with the metal gated into 
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_ the riser. The risers were attached to the 
casting edges at the positions indicated 
in Figs. 1 and 2. No chills were employed 
in this investigation. Pouring tempera- 
tures were 1250 F except for the }-in. 
thick castings which were poured at 
1350 F. The purpose of the increased 
plate dimensions was to determine how 
mechanical properties within castings 
are affected when the feeding range re- 
quired of a riser is increased, and also to 
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evaluate the influence of edge effects, 
which are known from studies with other 
alloys (1,2)* to influence casting sound- 
ness. The L, T, and X sections simulate 
conditions which would exist in com- 
plicated castings containing section 
junctions. Actually, if these sections 
were to be made as integral castings, 


\ 


\ 


‘ 


better feeding and better properties 
would undoubtedly be obtained with 
risers located at the heavy section formed 
by the junction of the component mem- 
bers; however, when such junctions are 
part of complex castings, it is often im- 


ssible to do this. ; 
po 4.4 
3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 736. 
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Fic. 5.—Mechanical Properties in SG70A-T6 Plate Castings. 
- Shaded areas refer to castings made with insulated risers. 
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Standard;-in. web Webbert test bar 
castings were poured with each heat and 
heat treated along with the castings so 
that comparison of properties could be 
made. After heat treatment, test bar 
blanks were machined from the castings 
at locations indicated in Figs. 1 and 2. 
Standard 0.505-in. diameter shoulder 
grip specimens were machined from the 
web bar and from the 1- and 2-in. sec- 
tions; 0.357-in. diameter specimens were 
obtained from the }-in. thick castings 


TABLE I.—COMPARISON OF TENSILE 
PROPERTIES OBTAINED FROM THREE 
TYPES OF TEST SPECIMENS OF ALLOY 
C4A — T6. 


Tensile Elongation, 
Specimen Type Strength, psi longaton, 
34 400 214 
a 0.505 D......... 31 200 2 
000 214 
| 
Average | 33 200 216 
= 33 000 214 
33 900 214 
c 
° 
Pr Average 33 600 216 
| 
32 500 216 
29 500 3 
| 33 900 216 
Average | 32 000 219 
and sheet specimens, } by 3 in. in cross- 
section, were obtained from the }-in. 
thick castings. 
® Only one of each type of casting was 


made by the procedures illustrated in 
Figs. 1 and 2. However, a few of the test 
castings were remade using different 
molding and melt treatment techniques. 
These castings, Fig. 3, were made such 
that all the casting sections were in the 
vertical position rather than the hori- 
zontal position and were gated by means 
of the American Foundrymen’s Society 
recommended (3) rectangular tapered 
sprue and runner system for light metals. 
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In addition, a strainer screen was in- 
corporated in the riser so that any possi- 
ble dross would be removed from the 
metal before it entered the casting. The 
melts in these latter tests were treated 
with a grain refiner after the degassing 
treatment. This consisted of stirring 
0.20 per cent titanium, as a 6 per cent 
titanium-aluminum alloy, into the melt. 
The alloys were melted in an oil-fired 
furnace using charges of aluminum ingot 
and either copper-aluminum or silicon- 
aluminum master alloys. The magnesium 
in the SG70A alloy was added as com- 
mercially pure magnesium. The C4A 
alloy castings were poured from seven 
heats containing 4.24 to 4.58 per cent 
copper; the SG70A alloy castings were 
poured from seven heats containing 6.66 
to 6.95 per cent silicon and 0.20 to 0.27 
per cent magnesium. The total amounts 
of residual elements in these alloys, ex- 
cept in the cases where grain refiners 
were added, was below 0.35 per cent. 


Data OBTAINED 


L Table I shows comparisons of tensile 
properties obtained with the three test 
bar designs employed to determine cast- 
ing properties. The properties in Table I 
were obtained from specimens removed 
from the same locations in keel block 
castings poured from a single heat. It 
may be noted that the’ properties indi- 
cated by the 0.357-in. and 0.505-in. di- 
ameter specimens are in close agreement 
while the flat specimens exhibit lower 
tensile strengths. There is no alternative 
to the use of the flat specimens as a means 
of determining properties in the j-in. 
thick castings, and the data reported for 
these cases may be weighted according 
to the indications of Table I. 

Figures 4 and 5 show properties 
obtained from various locations in the 
horizontally cast plates made with the 
two alloys and are compared with the 
average properties obtained from the sep- 
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TABLE Il.—TEST BAR PROPERTIES. 


Modified Practice Modified Practice 

Tensile Strength, | Elongation, Tensile _| Elongation, 

psi per cent Tensile Elongation, Strength, psi] per cent Tensile Elongation, 
Strength, psi} per cent Strength, psi per cent 
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arately cast test bars, Table II. The relatively sensitive to cooling rates. It 
properties obtained at the two edges in| may be noted (Fig. 4) that strength 
each plate and at the two intermediate values are higher at the faster cooling 
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0 locations in the largest plate are shown plate extremities and edges than they 
5 as averages in the figures since in effect are at the slower cooling center regions 
0 they are duplicate tests and the proper- and locations adjacent to the riser. Con- 


ties were in close agreement. Tensile versely, the SG70A alloy, Fig. 5, is rela- 
strengths in the C4A alloy plates are tively insensitive to cooling rate variables 
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with the strength properties being rela- vide for better feeding, are used in place , 
tively uniform throughout any given of the conventional sand risers as shown 
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Broken curves refer to castings made by means of modified processes. 


strength differentials within the SG70A significant improvement resulted from 
alloy castings occur only in the 12 the use of the insulated risers on the 
by 17-in. plates of 1 and 2-in. thicknesses. }-in. thick plates in this series. 
However, these differentials are mini- The resultant effects of adding grain 
mized when insulated risers, which pro- refiners to the melts, pouring the castings 
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in the vertical position, and changing 
gating and risering practices was to pro- 
duce more uniform properties throughout 
the C4A alloy castings (Fig. 6). In gen- 
eral, the second series of C4A alloy cast- 
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Properties obtained from various lo- 
cations in the L, T, and X sections made 
of these two alloys are shown in Figs. 7 
and 8. The bands for the T and X sec- 
tions in these figures represent the range 


TABLE III.—RELATION OF CASTING TO SEPARATELY CAST TEST BAR TENSILE 


STRENGTHS. 


L, T, X Sections 


Plate Sections 


All Castings 


Thickness, in. 
| Strength, psi | ‘sile Strength 


Average Tensile 
Strength, psi 


| 
| Percentage of 
|Test Bar Ten- |Average Tensile 


| sile Strength | Strength, psi 


| Percentage of 
est Bar Ten- 
sile Strength 


AtLoy C4A 
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INSULATED RISER 
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34 400 
34 700 
32 300 


| 9g 
99 


| 92 


ings and separately-cast test bars which 
were made according to the techniques 
described above had _ higher tensile 
strengths than the first series; the oppo- 
site effect resulted in the SG70A alloy 
castings. These techniques produced 
higher elongation values for the case of 
both alloys. 


of properties obtained from the casting 
members which were not connected to 
the riser. There was no trend in property 
levels observed in these members due to 
the position of the member—that is, the 
properties of member B in the X sec- 
tions, for example, did not show proper- 
ties which were consistently superior or 


ce. 
wn 
> 
41000 | 37 800 119 
35 100 111 
2 26 41 30 000 90 
2 32400 | 89 
| | 102 35 200 101 - 
$ 94 33 700 96 
| 28 600 | 82 | 
28200 | 91 
28 000 28700 | 93 
30100 | 97 
26100 | 85 
he ae 
in 
gs 


inferior to those in the C and D members. 
As was the case for the plate sections, 
the SG70A alloy joined-section castings, 
Fig. 8, are characterized by comparative 
uniformity of tensile properties except 
for the case of the thickest X section 
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trends observed in the simple plate cast- 
ings, with low strengths existing near 
the riser and higher strengths existing at 
casting extremities. It may be noted that 
the tensile strengths throughout these 
castings are quite erratic; however, the 


TABLE IV.—RELATION OF CASTING TO SEPARATELY 
CAST TEST BAR ELONGATION VALUES. 


SG70A 


L, T, X Sections | Plate Sections All Castings 
J Thickness, in. Average Percentage of Average _| Percentage of Average Percentage of 
Elongation, Test Bar Elongation, Test Bar Elongation, Test Bar 
- per cent Elongation | per cent Elongation per cent Elongation 
| 
Attoy C4A 
31g 117 114 50 214 83 
234 92 1% 56 214 75 
116 50 1% 42 1% 50 
1 33 42 1 33 
Mopir1ep anp MELT PROCESSING 
7 175 6 150 614 163 
834 220 64% 156 7% 188 
131 434 119 5 125 
3 75 3 75 3 75 


34 25 34 25 34 25 
34 25 114 50 1 33 
1 33 1 33 1 33 
“Wcesteidineses 1 33 1 33 1 33 


Mopir1ep anp MELT PROCESSING 


5 111 4 89 100 

100 314 78 4 89 
134 39 134 39 1% 39 
 Bettpteaacakexs 1% 28 114 33 144 33 


INSULATED RISER 


where strengths at near-riser locations 


34 25 
3% 25 


are low. This is believed to be an effect 
similar to that noted in the largest 2-in. 
plate casting made of this alloy and 
would undoubtedly be remedied by 


using plaster risers. 


In the case of the C4A alloy, the T, 
X, and L castings also exhibit the same 


L and X castings made with the modified 
molding practices and grain refiners 
exhibit more uniform properties as indi- 
cated by the broken curves. This latter 
group of castings also appears to be less 
sensitive to edge and riser effects insofar 
as tensile properties are concerned. 
Summary relationships between the 
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average separately cast test bar proper- 
ties and the average properties obtained 
from the several castings of each thick- 
ness and made by each procedure are 
shown in Tables III and IV and Fig. 9. 
The properties of the SG70A alloy cast- 
ings are relatively insensitive to section 
size. Strength values vary from 100 to 
80 per cent of test bar strengths as sec- 
tion size increases from } to 2 in. 

The above values are for castings fed 
with conventional sand risers; however, 
when insulated risers are employed to 
provide better feeding conditions the 
strength values in the heaviest section 
are raised to 90 per cent of separately 
cast test bar strengths. Elongation values 
of all sections are approximately 30 per 
cent of separately cast test bar values 
except for the }- and 3-in. sections made 
with the modified practice where elonga- 
tion values approximate separately cast 
test bar values. 

Strength values in the C4A alloy cast- 
ings in thicknesses of 1 in. and less equal 
or exceed separately cast test bar 
strengths; this is also the case for elonga- 
tion values when the modified molding 
and melt practice is employed (Fig. 9). 
For castings made according to the 
standard practice elongation values in 
the C4A alloy are between 80 and 30 
per cent of test bar values for the range 
of section sizes studied. 


SUMMARY AND CONCLUSIONS 


Tensile properties were determined 
from blanks removed from various loca- 
tions in plate, L, T, and X shaped cast- 
ings of different thicknesses made of 
C4A-T6 and SG70A-T6 aluminum al- 
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NC ITC H ane SMOOTH BAR STRESS-RUPTURE CHARACTERISTICS OF I 


SEVERAL HEAT-RESISTANT ALLOYS IN THE TEMPERATURE q 


RANGE BETWEEN 600 AND 1000 F* a 
BY J. G, SEssLer' anp W. F. Brown, Jr.’ on - 


Vignes 


SYNOPSIS 


Smooth and sharply-notched bar stress-rupture tests were carried out on a 
4 number of heat-resisting alloys in the temperature range between 600 and 
a 1000 F for rupture times up to 1000 hr. The following alloys were tested: (1) 
i the low-alloy chromium-molybdenum-vanadium steel 17-22A(S); (2) the mar- 
“tu tensitic stainless steels AISI 410 and AMS 5616; (3) the modified precipitation- _ 
hardening chromium stainless steel 17-4PH; and (4) the super alloys A-286 PL te 
and Inconel X. 

The results indicate that below 800 F, 1000-hr rupture strengths well in 
excess of 100,000 psi are obtained for the modified ferritic steels and for 17- 
4PH. In the temperature range between 600 and 800F, these alloys are 
directly competitive with A-286 alloy but considerably weaker than Inconel X. 
Regarding notch rupture sensitivity, both Inconel X and A-286 exhibit notch 
rupture strength ratios less than 1.2 at temperatures between 600 and 800 F. 
The alloy 17-4PH exhibits severe notch sensitivity in this temperature range 
when tempered at 1000 F. For the remainder of the alloys, indications of de- 
veloping notch sensitivity are observed at testing temperatures of 800 F and 
above. 

Evidence is presented that the moderately elevated temperature rupture 
strength of modified ferritic steels can be considerably increased by heat treat- 
ing to higher strength levels. However, a practical strength limitation appears 
to exist in that there is a Progressive development of notch rupture sensitiv- 
ity as the strength level is increased. 


out completely many ferritic and austen- 
itic heat-resistant alloys widely used in 


Present of heat-resistant 
alloys in the aircraft turbine generally 


involve temperatures well in excess of 
1000 F and service lives of only a few 
hundred hours. Operating temperatures 
and stresses are sufficiently high to rule 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

‘Research Assistant, Syracuse University, 
Syracuse, N. Y. 

2? Lewis Flight Propulsion Laboratory, Na- 
tional Advisory Committee for Aeronautics, 
Cleveland, Ohio. 


the steam power and chemical processing 
industry. 

Recently, however, new developments 
are contemplated in several fields in- 
volving lower metal temperatures than 
encountered in the present aircraft 
turbine. For example, for commercial 
aircraft applications it may be desir- 
able to increase the operating life and 
reliability of hot components in the gas 
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turbine by a reduction in inlet gas 
temperature possibly combined with 
turbine cooling. Another problem of 
current interest is the design of aircraft 
subjected to aerodynamic skin heating. 
In some cases, the metal may be re- 
quired to withstand sustained temper- 
atures sufficiently high to exclude the 
use of aluminum or titanium alloys. 

The metal temperatures of interest 
in these relatively new fields extend 
from the lowest temperature at which 
creep must be considered to tempera- 
tures around 1000 F. Thus, the operating 
temperatures overlap those encountered 
in the steam turbine industry. However, 
the environmental conditions are quite 
different and because of weight con- 
siderations the design stresses will be 
considerably higher. Furthermore, the 
possibility of exceeding the design 
temperature during operation (for ex- 
ample, failure of the cooling system) 
must be kept in mind. At these moder- 
ately elevated temperatures, the ferritic 
heat-resistant steels are in competition 
with the very costly super alloys, and at 
sufficiently low temperatures the fer- 
ritic materials may offer strength ad- 
vantages. Of particular interest are the 
low-alloy and the martensitic stainless 
steels modified by additions of vana- 
dium, tungsten, or boron coupled with 
increased carbon contents up to 0.30 
per cent. These new compositions pos- 
sess much higher creep strength and 
corrosion resistance at moderately ele- 
vated temperatures than do the older 
carbon - molybdenum, chromium - 
molybdenum, and 12 chromium stainless 
steels. 

An immediate problem facing the 
designer is the selection of the most 
suitable alloys for use in a given range 
of moderately elevated temperatures. 
Unfortunately, there is very little 
published information relating to the 
o> or stress-rupture properties of 
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heat-resistant alloys in the temperature 
range below 1000 F. In 1950 Smith, 
Seens, and Dulis (1)* determined the 
creep and stress rupture characteristics 
at 500, 600, and 700 F of SAE 4340 and 
a nickel-chromium -molybdenum -vana- 
dium steel both hardened to 43 Rock- 
well C. This work was later extended to 
1000 F (2). These authors show that 
1000-hr rupture strengths in excess of 
100,000 psi at 700 F are readily obtain- 
able, and that at lower temperatures the 
1000-hr rupture strength exceeds the 
yield strength. This investigation did 
not include the ferritic 
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Fic. 1.—Stress Rupture Specimens. 


steels or super alloys. The new ferritic 
creep-resisting steels possess a con- 
siderably greater stability than do the 
constructional low alloy steels (for 
example, SAE 4340) and may therefore 
be heat treated to relatively higher 
hardness levels for elevated temperature 
applications. The question arises as to 
whether certain strength limitations 
exist that would place an upper limit on 
the hardness. For example, the hardness 
of constructional low-alloy steels for use 
at temperatures where creep does not 

? The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 752. 
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occur is limited by a sensitivity to stress 
concentrations which develops rapidly 
as the hardness is increased above a 
certain value. Notch sensitivity has 
also been observed in the creep test for a 
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| 
tween 0.1 and 1000 hr for several heat- 
resistant steels and super alloys in the 
temperature range between 600 and 
800 F; (2) the influence of sharp notches 
on the rupture strength of these alloys; 
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Fic. 4.—800 F Notch and Smooth Rupture Strength for Several Alloys. 


large number of alloys tested at temper- 
atures of 1000 F and above (3, 4). 
However, the dependence of this sen- 
sitivity on the initial hardness has re- 
ceived only a limited amount of at- 
tention (8). 

The object of the present investiga- 
tion was to provide the following in- 
formation: (1) stress-rupture data be- 


(3) possible strength limitations at 
moderately elevated temperatures. 


MATERIAL AND PROCEDURE 


The alloys chosen are representative 
of four classes of creep resistant ma- 
terials: (1) low-alloy steels, represented 
by 17-22A(S); (2) martensitic stainless 
steels represented by AISI 410 and 


* 


| 
i | ihe, 

— 


AMS 5616; (3) modified ferritic chro- 
mium stainless steels represented by 
17-4PH* and; (4) super alloys repre- 
sented by A-286 and Inconel X. 

All materials were received in the 
form of bar stock with diameters be- 
tween $ and 13 in. The chemical com- 


Smooth and sharply notched speci- 
mens of the type shown in Fig. 1 were 
machined from completely heat-treated 
blanks and tested at 600, 700, and 800 
F. The details of specimen preparation 
and testing technique have been de- 


scribed elsewhere (3, 4). it ott W 
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Fic. 5.—Smooth Rupture Ductility as Function of Rupture Time for Several Alloys Tested at 


600, 700, and 800 F. 


position of these alloys and the heat 
treatments employed are shown in 
Table I. These heat treatments conform 
to the manufacturer’s recommended 
practice. In addition, two of the alloys 
were subjected to heat-treating pro- 
cedures designed to provide either 
strength or reduced creep em- 


brittlement. lo 
gia al) 

4This is a recently developed precipitation 
hardening alloy. It contains some martensite in 
its hardened structure and is on the borderline 
between a ferritic and austenitic material. 


RESULTS AND DISCUSSION 

The primary stress-rupture data for 
notch and smooth specimens tested at 
600, 700, and 800 F is plotted as a func- 
tion of the rupture time in Figs. 2 to 4. 
Smooth rupture ductility’ has been 
similarly represented in Fig. 5. Elevated 
temperature 0.2 per cent yield strengths 
are shown in Fig. 6 for all alloys except 
AISI 410 and 17-4PH. It should be 
noted that most yield strength data 


& Ductility i is defined as per cent reduction of 
area at fracture. ‘| 
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were taken from the literature and 
therefore cannot be considered to repre- 
sent exactly the alloy heats tested in this 
investigation. The SAE 4340 rupture 
data reported by Smith ef al. (1, 2) are 
introduced into the following discussion. 
While this alloy is not designed specifi- 
cally for elevated temperature service, 
the data illustrate some of the difficul- 
ties which may be expected when 
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Fic. 6.—Yield Strength as a Function of Test 
Temperature for Several Alloys. 


structural steels are used under creep 
conditions. 


steels at this hardness level possess poor 


stability. The results are interesting, 


Smooth Stress Rupture Properties: 


At the lowest test temperature, Fig. 
2, all alloys except Inconel X and A-286 
exhibit the time dependent strength 
behavior characteristic of creep. The 
600 and 500F rupture strength Figs. 2 
and 3, of both Inconel X and A-286 is 
essentially time independent up to 1000 
hours. 

For the purpose of comparing the 
alloys, the 1000-hr rupture strength is 
plotted against the testing temperature 
in Fig. 7. Previously published results 
(3, 4, 5) have been used to extend these 
curves to 1000 F. As might be expected, 
both Inconel X and A-286 exhibit 
practically constant rupture strength at 
temperatures below approximately 800 
F. Above this temperature, their strength 
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decreases rather rapidly with increasing 
temperature. The remaining alloys are 
characterized by continuously decreasing 
strength with increasing temperature 
over the entire range investigated. This 
rate is practically identical for 17- 
22A(S), AMS 5616, and 17-4PH. The 
SAE 4340 and AISI 410 weaken more 
rapidly with increasing temperature. At 
temperatures above 800 F the alloys fall 
in essentially the same order of strength 
as observed in higher temperature 
tests (3, 4), with the modified ferritic 
steels being considerably superior to 
the structural steels but weaker than the 
super alloys. At temperatures between 
600 and 800 F, Inconel X is considerably 
stronger than the other alloys, possessing 
a 1000-hr rupture strength of better 
than 160,000 psi. In this temperature 
range the 1000-hr rupture strength 
of the modified ferritic steels and 17- 
4PH is well in excess of 100,000 psi and 
at temperatures of 700 F and below 
these alloys are directly competitive 
with A-286. SAE 4340 tempered to 
a Rockwell C hardness of 43 shows very 
high rupture strength at temperatures 
below about 600 F. However, structural 


nevertheless, because they indicate that 
improved rupture strengths at moder- 
ately elevated temperatures can prob- 
ably be obtained by increasing the 
hardness of the more stable modified 
ferritic steels. 

It is interesting to compare the 1000- 
hr rupture strengths, Fig. 7, with the 
elevated temperature yield strengths 
shown in Fig. 6. In the temperature 
range between 600 and 1000 F, the yield 
strengths of the two super alloys A-286 
and Inconel X are practically inde- 
pendent of temperature. For Inconel 
X and A-286 the yield strength is below 
the 1000-hr rupture strength up to 
1000 F and 900 F respectively. The yield 
strengths of the modified ferritic steels 
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17-22A(S) and AMS 5616 fall con- 
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observed for other heat-resistant alloys 


y tinuously with temperature, but at a at higher temperatures. The ductility 
: slower rate than observed for SAE 4340 of A-286 at 800 F appears to be de- 
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© SAE 4340 R¢ 43 (Ref. |) a. “= 
ral 20000}— » SAE 4340 Tempered 
or I7OF (Ref. 2) 
A Extrapolated 
at 
at 
v9 500 600 700 800 900 1000 > 
ental Test Temperature, deg Fohr 
nd Fic. 7.—1000-hr Rupture Strength as a Function of Test Temperature for Several Alloys. 
ed . . . 
tempered at 1170 F. The yield strengths creasing at times above about 200 hr. 
0- of 17-22A(S) and AMS 5616 are lower In all cases the ductility values are — 
he than the 1000-hr rupture strength at relatively high, the lowest being about 
ths temperatures below about 800 F. 15 per cent exhibited by 17-4PH. 
ire The rupture ducitility levels, Fig. 5, 
eld vith the exception of A-286 and 17- Notch Sensitivity: | 
86 4PH, are quite insensitive to either The notch strength as a function of - 
de- temperature or rupture time in the rupture time at 600, 700, and 800 F is | 
nel range between 600 and 800 F. While the shown in Figs. 2 to 4. In order better to 
ow lata for 17-4PH is rather incomplete, evaluate notch sensitivity, these data 
to the ductility appears to exhibit a time- have been re-plotted in Fig. 8 with the 
eld temperature dependence similar to that notch rupture strength ratio as a func- 
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tion of the rupture time. The presence or 
absence of notch sensitivity has gen- 
erally been judged from an examination 
of this ratio. Many investigators in- 


1.5® at low hardness levels. Similarly, it 
has been observed (5) that the notch 
rupture strength ratio of a sufficiently 
ductile stable alloy is also approximately 
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Fic. 8.—Notch Rupture Strength Ratio as a Function of Rupture Time for Several Alloys Tested 


at 600, 700, and 800 F. 


cluding the authors have defined a 
notch-sensitive condition as one possess- 
ing a notch strength ratio below unity. 
However, such a definition is quite 
arbitrary and does not consider the 
known fundamental influence of notches 
on a metal. It has been shown by Sachs 
et al. (6) that the notch strength ratio 
of fully notch-ductile structural low- 
alloy steels at room temperature ap- 
proaches a constant value of about 


1.5.6 Any notch strength ratio substan- 
tially lower than this value, therefore, 
indicates presence of notch sensitivity. 
It is realized that many high-strength 
alloys are most effectively used in a con- 
dition yielding a notch strength ratio 
considerably less than 1.5. However, 


6 This value was obtained using 50 per cent 
sharp notches (see Fig. 1). It will vary with 
notch eaitssaiiiial and to a lesser extent with the 
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it is to be emphasized that these applica- 
tions have been the result of careful 
development and that in general the safe 
lower limit of the notch strength ratio will 
depend on both the material and service 
condition. 

The results for the super alloys In- 
conel X and A-286 are interesting in that 
notch strength ratios appreciably less 
than 1.5 are observed even at the lowest 
testing temperatures where creep is 
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curves do not continuously rise from 
their minimum value to approximately 
1.5 at low testing temperatures. In- 
stead the notch strength ratio of Inconel 
X increases to a maximum value and 
then decreases to approximately unity 
at temperatures below 700 F. Apparently 
for both Inconel X and A-286 a fully 
notch-ductile condition is not obtained 
at moderately elevated temperatures. 

The ferritic alloys 17-22A(S) and 
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Fic. 9.—Notch Rupture Strength Ratio for Inconel X as a Function of Test Temperature with 


Rupture Time as Parameter. 


negligible. The notch rupture strength 
ratio for Inconel X is shown in Fig. 9 as 
a function of testing temperature with 
rupture time as parameter. These results, 
covering a very wide range of temper- 
atures, are similar to those previously 
observed for 17-22A(S) (5) in that the 
notch strength ratio curves exhibit 
minima which occur at progressively 
lower temperatures as the rupture time 
increases. In contrast to the behavior of 
17-22A(S) the notch strength ratio 


AMS 5616 are known to develop a time- 
temperature-dependent notch sensitivity 
at temperatures over 1000 F (4, 5). 
According to Fig. 8, these alloys ex- 
hibited a notch rupture strength ratio of 
about 1.5 up to 1000 hr at 600 and 700 
F. At 800 F, the notch rupture strength 
ratio falls with increasing rupture time, 
reaching a value of approximately 1.3 for 
17-22A(S) and 1.1 for AMS 5616 at 
1000 hr. The data for AISI 410 indicate 
that time-temperature-dependent 
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notch sensitivity begins to develop at 
temperatures as low as 700 F and results 
in a 1000-hr notch rupture strength ratio 
of 1.1 at 800 F. 

The results for 17-4PH, are very 
interesting in that a large notch sen- 
sitivity develops in very short rupture 
times at temperatures approaching the 
lower limit of the creep range. This 
notch sensitivity is similar to that 
previously observed for many other 
high-temperature alloys in that it 
appears to be time-temperature de- 
pendent. However, for all other alloys 
studied by the authors, strong notch 
sensitivity is always observed in a 
temperature range where the creep be- 
havior is well developed. 

LIMITATIONS 


POSSIBLE STRENGTH 


The heat treatments employed for the 
alloys studied in this investigation are 
designed primarily for service applica- 
tions at 1000 F or above. It might be 
expected that by suitable heat treat- 
ment the strength level (hardness) of 
the ferritic steels could be considerably 
increased. This increase in strength level 
should yield improved rupture strength 
at moderately elevated temperatures. 
The question arises as to whether in- 
creases in strength will be associated 
with a decrease in ductility or ap- 
pearance of notch sensitivity. Thus, there 
may be a practical limitation to the 
strength level which could be employed. 
Such strength limitations exist for the 
structural steels used at room temper- 
ature. For these alloys, strength levels 
in excess of approximately 220,000 psi 
are associated with severe notch sen- 
sitivity in spite of high smooth bar 
ductility (6, 7). 

Higher strength levels in ferritic steels 
may be obtained by: (/) an increase in 
the austenitizing temperature which 
will increase the degree of solution of the 
hardening elements, and (2) a decrease 
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in tempering temperature. Consider for 
example the chromium-molybdenum- 
vanadium steel 17-22A(S). The con- 
ventional heat treatment yields a 
structure which maintains its hardness 
for at least 1000 hr at 1000 F. With this 
excellent stability, it should be possible 
to employ considerably higher strength 
levels for use at moderately elevated 
temperatures. 

According to previous studies (8), 
full carbide solution without excessive 
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Fic. 10.—Effect of Tempering for 6 hr at Var- 
ious Temperatures on Room Temperature Prop- 
erties of 17-22 A(S) Normalized } hr at 1850 F. 


grain growth can be obtained by norm- 
alizing 17-22A(S) at 1850 F for 3 hr. 
The room-temperature hardness and 
tensile properties are shown in Fig. 10 
as a function of the 6-hr tempering 
temperature for bar stock normalized 
+ hr at 1850 F. It will be noted that the 
hardness of the alloy remains essenti- 
ally unchanged up to 1100 F except for a 
slight secondary hardening in the 
vicinity of 1000 F. At 1200 F (the con- 
ventional tempering temperature) the 
hardness has dropped. The yield and the 
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tensile strength curves reflect a combi- parison with those of the conventionally al 
nation of the relief of residual stress, heat-treated alloy. Added to this repre- se 
strain age hardening, and secondary _ sentation is the 1000-hr rupture strength st 
hardening. The important observation is of several more highly alloyed materials. In 
that tempering temperatures in excess of The new heat treatment has increased t 
1100 F produce rapid loss in strength. the 1000-hr rupture strength by about u 
The ductility is always high but exhibits 15 per cent, and it is now equal to that u 
a shallow minimum in the region of of A-286. The conventional heat treat- t 
secondary hardening. For moderately ment results in a 900 F rupture ductility I 
elevated temperature service, it would which decreases gradually with increas- a 
h 
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- Fic. 13.—Smooth and Notch Rupture Strength as a Function of Testing Temperature at Several 


Rupture Times for 17-4 PH Tempered at 1000 F and 1100 F. 


seem reasonable to select a tempering 
temperature of 1100 F. This yields a 
Rockwell hardness of about C41 com- 
pared with C33 produced by the con- 
ventional heat treatment. A_ sharply 
notched specimen tempered at 1100 F has 
a notch strength ratio of 1.45 when 
when tested at room temperature. 
Material given the above described 
heat treatment was tested in stress 
rupture at 900 F. The smooth rupture 
properties are shown in Fig. 11 in com- 


ing rupture time to a value of about 
50 per cent at 1000-hr. In contrast, the 
new heat treatment results in a rather 
rapidly decreasing ductility at rupture 
times over about 50 hr and a 1000-hr 
ductility of approximately 10 per cent. 
However, this alloy would not be con- 
sidered brittle by conventional stand- 
ards. 

The results of notched 900 F stress- 
rupture tests on 17-22A(S) given the 
conventional and the new heat treatment 
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are compared in Fig. 12. This repre- 
sentation graphically illustrates a 
strength limitation associated with rais- 
ing the rupture strength by this heat 
treatment. The conventional heat- 
treated material is notch strengthened 
up to 1000 hr. In contrast, the new heat 
treatment results in severe notch weaken- 
ing, the notch strength ratio being 1.45 
at 1 hr and only 0.6 at 100 hr. It would 
have been difficult to anticipate this 
degree of notch sensitivity from the 
smooth bar ductility, which is at least 
25 per cent at 100 hr to rupture. 

On the basis of these results, it may 
be expected that notch sensitivity in 
ferritic steels is increased in magnitude 
and shifted to lower temperatures by 
employing heat treatments that raise the 
strength. It might be expected that 
similar effects would be noted if the 
content of hardening elements were in- 
creased. 

The high sensitivity of the notch 
rupture strength to variations in heat 
treatment is further illustrated by con- 
sidering the alloy 17-4PH. The notch 
and smooth rupture strength of this 
alloy in two conditions of temper is com- 
pared in Fig. 13. It will be noted that the 
severe notch sensitivity associated with 
the 1000 F temper is greatly reduced by 
raising the tempering temperature to 
1100 F. This improvement is associated 
with a relatively small loss in the smooth 
bar strength. 

The previous discussion has perhaps 
overemphasized the danger of develop- 
ing notch sensitive structures by at- 
tempts to raise the strength through heat 
treatment. Actually the authors feel that 
the full strength potential of ferritic 
steels at moderately elevated temper- 
atures is not realized by the conventional 
heat treatments. However, the results do 
emphasize the need for systematic in- 
vestigations designed to develop op- 
timum combinations of smooth and 


notch bar properties. The feasibility of 


optimizing the heat treatment of 17- 
22A(S) for high-temperature service has 
been demonstrated previously (8). 


CONCLUSIONS 

The alloys reported in this paper are 
intended to represent certain classes 
that might be of interest for moderately 
elevated temperature applications. On 
the basis of these results, it would seem 
possible to formulate certain conclusions 
regarding the selection of materials for 
use in the temperature range between 
600 and 1000 F. It is not suggested that 
alloy selection be based on rupture data 
alone, and it is realized that a complete 
picture must include creep and fatigue 
data. 

1. Structural steels such as SAE 4340 
may be heat treated to high strength 
levels. These structures will possess very 
high rupture strength below 600 F. 
However, at higher test temperatures the 
rupture strength decreases rapidly due to 
lack of stability. 

2. The super alloy Inconel X ex- 
hibited the highest rupture strength and 
greatest stability of strength at temper- 
atures between 600 and 1000 F. Alloy 
A-286 showed similar stability but con- 
siderably lower strength in this temper- 
ature range. 

3. At temperatures below approx- 
imately 800 F, the 1000-hr rupture 
strength of the modified ferritic steels 
and 17-4PH is well in excess of 100,000 
psi, and these materials are definitely 
competitive in this temperature range 
with the super alloy A-286. 

4. For both the super alloys and the 
modified ferritic steels, the yield strength 
is below the 1000-hr rupture strength at 
temperatures less than approximately 
800 F. 

5. Both Inconel X and A-286 exhibit 
notch rupture strength ratios less than 
1.2 at temperatures between 600 and 
800 F. The alloy 17-4PH tempered at 
1000 F shows a very severe notch sen- 
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sitivity in this temperature range. The 

remainder of the alloys exhibit indica- 

tions of developing notch sensitivity at 
temperatures of 800 F and above. 

; It appears that the moderately ele- 

7 vated temperature rupture strength of 

normalized and tempered modified fer- 

f ritic steels can be considerably improved 

by increasing their hardness. However, a 

a possible strength limitation associated 

: with this hardness increase is develop- 


jad 
~ This paper assembles test data from 

various projects conducted cooperatively 
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at NACA and at Syracuse University. 
The work at Syracuse University was 
under contract with Pratt & Whitney 
Aircraft Corp., being part of their Air 
Force contract AF33(038)-27341. The 
authors are indebted to these organ- 
izations for the permission to publish 
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of the tests; of A. Chalfant, A. Levy and 
M. Kycia, Pratt & Whitney; of M. 
Jones, NACA; and of R. Bayle, Syracuse 
University, for suggestions, discussions, 
and assistance. 
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Mr. W. L. BapGer.'—It is suggested 
that if further work is to be done by the 
authors, that a molybdenum-vanadium 
modification of type 403—called Lapel- 
loy, or Crucible Steel Co.’s 422 alloy be 
tested. These steels are more commonly 
used in the upper part of the temperature 
range under consideration. 

Mr. T. E. Kicren.2—We should 
like to call attention to the fact that 
there are properties other than rupture 
that would be governing factors in design 
in the temperature range discussed in 
this paper, as far as Inconel “X” is 
concerned. For example, the short-time 
0.2 per cent yield. strength of Inconel 
X at 1000 F, using the full heat treat- 
ment employed by the authors, is about 
84,000 psi, a value much lower than the 
1000-hr rupture life of about 110,000 
psi. It is apparent that at this tempera- 
ture the short-time tensile properties 
would have to be considered for design 
purposes. 

We do not have notch rupture test 
data at the lower temperatures covered, 
partly for the above reason and partly 
because the field of application of this 
alloy is generally in a higher temperature 
range. It is certainly true that at higher 
temperatures of the order of 1350 F, 
heat treatment can influence consider- 
ably the notch rupture strength of high- 
temperature nickel-base alloys hardened 

1 Manager, Thomson Laboratory, Small Air- 
craft Engine Dept., General Electric Co., W. 
Lynn, Mass. 


2 Metallurgist, International 
Inc., New York, N. Y. 
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with aluminum and titanium. Increases 
in notch rupture strength so developed 
will often be obtained at the expense of 
some other property. 

The authors have stated that the heat 
treatment used for Inconel X in their 
tests is that normally recommended for 
maximum rupture properties above 
about 1100 F. For applications in the 
temperature range covered by the 
authors, this treatment would not nor- 
mally be applied to Inconel X. The 
1625 F stress equalize plus 1300 F aging 
treatment is employed for applications 
where service temperatures are below 
about 1100 F because it results in much 
better strength and ductility. With the 
latter heat treatment, the 1000-hr rup- 
ture strength usually will again be appre- 
ciably higher than the short-time tensile 
yield strength. It is probable that notch 
tension test data would be more perti- 
nent than notch rupture data for the 
temperature range of 600 to 1000F 
covered by the authors, as far as Inconel 
X is concerned. 

Mr. JosepH MAttz.*—The importance 
of the moderately elevated temperature 
range, 600 to 1000 F, to the aircraft 
industry certainly should not be under- 
estimated. In the airframe field, as con- 
trasted to the engine field, it is very 
rapidly becoming a serious problem area. 

Aerodynamic heating effects have 
been well publicized in recent years. 
However, the engine heating effects, par- 

3 Metallurgist, Bureau of Aeronautics, Navy 
Dept., Washington, D. C. 
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ticularly in the aft fuselage and in the 
tail areas, represent the more imminent 
problem. Aerodynamic heating will not 
subject structures to the 600 to 1000 F 
temperature range unless speeds in the 
order of Mach 3, or approximately 2000 
mph, are attained. 

The airframe industry is devoting in- 
creasingly more attention to the moder- 
ately elevated temperature range. The 
petroleum and steam power plant indus- 
tries have certainly done a tremendous 
amount of work on elevated tempera- 
ture properties, but for the most part 
they have considered that the properties 
of the materials they use do not change 
very much until more elevated tempera- 
tures are reached. For aircraft that may 
not quite be a valid assumption, because 
of the need to design for minimum 
weight. 

Mr. Leo Scuaprro.*—The authors in 
their introduction said that the work 
should have some usefulness to missiles 
and to transports. If it is going to have 
any usefulness to missiles or the program 
that is represented by this work, I think 
it ought to represent shorter time proper- 
ties than were presented. 

My question is: Does the program in- 
volve determining the properties of any 
shorter times that are of interest to mis- 
sile people? 

Messrs. J. G. SESSLER AND W. F. 
Brown, Jr. (authors’ closure)—The 
authors wish to thank Messrs. Badger, 
Kihlgren, Maltz, and Schapiro for their 
remarks. 

Mr. Badger has suggested that Lapel- 
loy and Crucible 422 steel be investi- 
gated. Any extension of the program 
should certainly consider these alloys. 
Regarding Crucible 422 we have re- 
ported previously on its notch stress 
rupture properties at 1000, 1100 and 


*Chief Metallurgist, Douglas Aircraft Co., 
Inc., Materials Laboratory, Santa Monica, 
Calif. 
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1200 F.® This alloy is basically similar to 
AMS 5616. However, it has nearly 
double the amount of carbon, somewhat 
more nickel and molybdenum and also 
contains vanadium. As shown pre- 
viously,® Crucible 422 possesses higher 
rupture strength than AMS 5616 at 
temperatures from 1000 to 1200 F even 
though it was heat treated to a lower 
initial hardness. Furthermore, the notch 
rupture sensitivity in this temperature 
range was distinctly less than that ob- 
served for AMS 5616. 

Mr. Kihlgren correctly states that In- 
conel X would possess higher strength 
at moderately elevated temperatures if 
given a different heat treatment. The 
fully heat treated condition was em- 
ployed in the present investigation so 
that the data obtained could be ap- 
pended to that previously reported® at 
temperatures above 1200 F. It is then 
possible to establish the notch rupture 
behavior of the same structure over a 
very wide range of temperature as 
shown in Fig. 13. 

Mr. Kihlgren feels that at tempera- 
tures below 1000 F, the yield strength 
of Inconel X is a more meaningful de- 
sign parameter than the rupture strength. 
The authors pointed out in their conclu- 
sions that at temperatures below about 
800 F the 0.2 per cent yield strength for 
all the super alloys and modified ferritic 
steels was below the 1000 hr rupture 
strength. They do not, however, agree 
that just because of this fact rupture 
data are not needed. Design on the basis 

5 W. F. Brown, Jr., M. H. Jones and D. P. 
Newman, “Influence of Sharp Notches on the 
Stress Rupture Characteristics of Heat-Resisting 
Alloys: Part II,’’ Proceedings, Am. Soc. Testing 
Mats., Vol. 53, p. 661 (1953). 

®°W. F. Brown, Jr., M. H. Jones and D. P. 
Newman, “Influence of Sharp Notches on the 
Stress Rupture Characteristics of Several Heat 
Resisting Alloys,’”’ Symposium on Strength and 
Ductility of Metals at Elevated Temperatures, 
p. 25, Am. Soc. Testing Mats. (1952). (Issued 


as special technical publication ASTM STP No. 
128.) 
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of yield alone often does not take full 
advantage of the alloy strength. For 
example, if the part is subject in service 
to a rather steep temperature gradient, 
the over-all deformations may be negli- 
gible but the local strain in the hot region 
quite high. When such is the case, we 
can use the creep rupture strength or the 
tensile strength to advantage. 

Mr. Maltz has further emphasized the 
need to more fully utilize the strength 
potential of aircraft materials as well as 
the increasing need for data in the 
moderately elevated temperature range. 
We, of course, agree wholeheartedly 
with him. volls 1 

led 
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Mr. Schapiro feels the data is of no 
help to the missile people because the 
rupture times are not sufficiently short. 
It should be noted that the 0.01-hr 
(about 30 sec) rupture strengths appear 
well established. We do not anticipate 
extension of the program to still shorter 
times. Certain aspects of missile design 
do require very short-time data obtained 
for high rates of loading and heating. 
There are several laboratories now en- 
gaged in gathering this type of data. The 
usefulness to the missile designer of data 
reported in this investigation depends on 
the type of missile and the perticulas 


component considered. 
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of very low strengths. 


tures. 


Properties of metals and alloys in the 


hot-worked condition generally are con- 
sidered difficult to control. These diffi- 
culties stem principally from the lack 
of quantitative information relating 
onditions of hot-working to properties 
together with a lack of understanding 


t Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

* This paper is based on a thesis by J. F. 
Ewing submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philos- 
ophy to the University of Michigan. 

1 Research Metallurgist, Babcock & Wilcox 
Co., Tubular Products Division, Beaver Falls, 
Pa. 

2 Professor of Metallurgical Engineering and 
Research Engineer, University of Michigan, 
Ann Arbor, Mich. 
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: be obtained by such procedures with finishing temperatures as high as 1800 F. 
Repeated working with abnormally low reheat temperatures is another cause 
Extensive variations in conditions of hot working did 
not alter the response to subsequent commonly used heat treatments. The 
- extreme sensitivity of lattice parameter to working conditions and cooling rate 
suggests that unidentified reactions such as ordering of the matrix structure 
have more effect on properties than now seems evident. 
Controlled hot working should be considered seriously as a method for ob- 
taining superior combinations of strength and ductility at elevated tempera- — 


INFLUENCE OF HOT-WORKING CONDITIONS ON THE HIGH- 
TEMPERATURE PROPERTIES OF HEAT-RESISTANT ALLOYS{* 


By J. F. Ewrne! anp J. W. 


FREEMAN? 


q The mneen between conditions of hot working and properties at high oa 
temperatures were investigated for a-solution-strengthened 20 chromium, 

7 nickel, 20 cobalt, 3 molybdenum, 2 tungsten, 1 columbium alloy. Medium to 
low strengths will result when large reductions are made at nearly constant high 

" temperatures. Very high strengths at 1200 F, and relatively high strengths at 
1500 F are characteristic of gradual reductions over a decreasing temperature | 

@ range. Strengths equal to those associated with hot-cold working at 1200 F can 


of the basic principles involved. This 
paper presents the results of a study 
covering these features as related to 
properties at high-temperature for one 
heat resistant alloy. 

It is known that high-temperature 
strengths ranging from very high to 
very low values are exhibited by alloys 
in the hot-worked condition. These ex- 
treme variations in properties suggest 
that control of hot-working conditions 
could be used as a practical production 
tool to obtain superior high-tempera- 
ture strength, just as heat treatment 
is used today to obtain desired anai 
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On PROPERTIES OF HEAT-RESISTANT ALLOYS 


The principles governing the influence 
of hot-working conditions on the high- 
temperature strength properties of one 
type of complex heat-resistant alloy in 


tion annealing or hot-cold working for 
superior strength properties at elevated 
temperature, and not upon strong age- 
hardening reactions. The particular 


| As-Received 7/8" Bar Stock | 


( Solution Treated 
(2200 Q.) 


Rolled Isothermally at 
Indicated Temperature 


1600 F 


12000 F 


Rolled 0, 5, 
10, 15,25°, 
and 40% 


Rolled O, 5, 
10,15, 25°, 
40* and65% 


Rolled O, 5, 
10.54.23, 
40° and65% 


Rolled O, 5, 
10, 12, 15, 
25, and40% 


Rolled O, 3, 
5,7, 10, 12, 
15, 18, 20, 25, 


40° ond65% 


*Reductions Required one or more Reheats _ 


| As-Received 7/8"Bar Stock | 


Solution Treated 
(2700 F.!Hr , W.Q.) 


Rolled Non —Isothermally 
at Indicated Temperatures 


25% at2200 F 
Plus 15% at 


25%at 2200 F 
Plus %at 


15 %at2200 F 
Plus I5%at 


25% at2200 F 
Plus 25% at 
1800 F 


1lO%Each at 
2200 ,2000, 


25%at2000 F 
Plus 15% at 
1600 F 


25% at i800 F 
Plus 15% at 
1600 F 


1800 and 
1600 F 


Heated to 1800 F,1/2 Hr, 

Rolled 5%, Cooled to 1500 F, 
Rolled 5%,Held 2 Hrs , Reheat 
To 1800 F (Repeat Cycle Three 
More Times) 


Heated to 2000 F., I/2Hr, 
Rolled 5%,Cooled to 1500 F, 
Rolled 5%,Held 2 Hrs , Reheat 
To 2000 F (Repeat Cycle Three 
More Times) 


Heated to 2200 F., I/2Hr, 
Rolled 5%, Cooled to 1500 F, 
Rolled 5%, Held 2 Hrs., Reheat 
To 2200 F. (Repeat Cycle Three 
More Times.) 


Fic. 1.—Flow Sheet of the Rolling Program. 


the hot-worked condition 


have been 


alloy used was nominally 0.15 carbon, 


studied, as well as the influence of hot- 
working on response to heat treatment. 
The study applies primarily to those 
austenitic alloys dependent upon solu- 


1.5 manganese, 0.50 silicon, 20 chro- 
mium, 20 nickel, 20 cobalt, 3 molyb- 
denum, 2 tungsten, 1 columbium, bal- 
ance iron. 
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EXPERIMENTAL PROCEDURE 


Rolling of §-in. square bar stock was 
used in order to obtain accurate control 
of working temperatures and amounts 
of deformation, the two hot-working 
variables studied. The research program 


EWING AND 


FREEMAN 


rolled in cycles between high and low 
temperatures to measure the influence 
of extensive precipitation during work- 
ing on high-temperature strength; (4) 
material worked under selected condi- 
tions were heat treated to study the 


100 Hr Rupture Strength 


sew 


Rupture Strength, psi 


uo 
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l 
1000 Hr Rupture Strength 
T T T T 
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0 10 20 
Percent Reduction at Indicated Temperature 


Code 


4 


30 40 50 60 70 


Temperature of Reduction, deg Fahr 


1600 
1800 
2000 
2100 
2200 


Fic. 2.—Effect of Amount of Isothermal Reduction at Various Temperatures on the 100 and 


1000-hr Rupture Strengths at 1200 F. 


was organized as follows: (1) bars were 
rolled isothermally varying amounts 
both above and below minimum re- 
crystallization temperatures to define 
influences of reduction and temperature 
on high-temperature strength; (2) stock 
was rolled non-isothermally over con- 
trolled temperature ranges to study 
influences of decreasing temperatures 
during hot-working; (3) bars were 


influence of prior hot working on re- 
sponse to heat treatment. Rupture and 
creep tests, hardness measurements, 
metallographic studies, and lattice pa- 
rameter measurements were used to 
evaluate the effects and to study the 
mechanism by which hot working affects 
high-temperature strength properties. 
Figure 1 summarizes the _hot-rolling 


program. 
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100 Hr Rupture Strengths 


20000}- 
° 
x 
o = 
a 10000 1000 Hr Rupture Strengths 
2 1500 
a 
> 


10 000 a 
5000 L 
i@) 10 20 30 40 50 60 70 
> Percent Reduction at Indicated Temperature 
Code Temperature of Reduction, deg Fohr 
1600 
1800 
a 2000 
= * 2100 


Fic. 3.—Effect of Amount of Isothermal Reduction at Various Temperatures on the 100 and 
1000-hr Rupture Strengths at 1500 F. 


The % in. square stock was from a _ Reductions for Maximum 

commerical heat having the following - 25 ae Se 
Manganese, per 1.63 
Chromium, per 21.22 xO 
19.00 5} —O-—!00 Hour Rupture Strength 
19.70 —X—1!1000 Hour Rupture Strength 
Molybdenum, per cent................ 2.90 re) 1 
220000+ 
k was solution- x 

All stoc solution-annealed at x 
2200 F for 1 hr, and water-quenched ¢© 
before heating for experimental rolling “ '0000!—--——_4--___1-_1— 
in order to minimize effects of prior com- Rolling Temperature, deg Fahr 
mercial hot work. Fic. 4.—Reduction by Rolling for Maximum 


The bar stock was rolled in open passes Rupture Strength at 1500 F. 


on a two high, non-reversible mill with was used on the roll surfaces. Furnace 
5-in. rolls. Both rolls were power driven temperatures were set 25 F above the 
and revolved at 70 rpm. No lubricant nominal rolling temperature to average 


| 
ice 
3 
rf 
zh 
= 
re- My 
nd 
its, 
he 
cts 
 — - 


out a measured temperature drop during 
rolling of 50 F. The stock was air cooled 
after rolling. Final length of bar stock 
after rolling was 12 in. Rolling reductions 
are based upon per cent reduction for the 
original crosssectional area. 

Rupture and creep tests at 1200 and 
1500 F were used to evaluate the in- 
fluence of hot working on high-tempera- 
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logarithmic curves of stress versus rup- 
ture time. The creep tests were 1000 hr 
in duration at 1200 and 1500 F under 
stresses of 25,000 and 8,000 psi, respec- 
tively. Minimum creep-rate data were 
established from time versus elongation 
curves obtained from both the creep 
tests and creep-rupture tests. 

Brinell hardness numbers were used 


10 T T 


Minimum Creep Rate, percent per hr 


0.001 
20 


30 


40 


Reduction, per cent 
Fic. 5.—Influence of Isothermal Reductions at Indicated Temperature on the As-Rolled Mini- 


mum Creep Rates for 50,000 psi at 1200 F. 


Reductions larger than 15 per cent at 1600 F, or larger than 25 per cent at 1800 F and above, re- 


‘ quired one or more reheats during rolling. 


ture strength. The influence of all rolling 
conditions on both creep-rupture and 
creep strength were evaluated at 1200 
and 1500 F in the hot-worked condition. 
Selected rolling conditions were heat 
treated subsequent to rolling to establish 
influence of hot-working on response to 
heat treatment. Creep-rupture tests were 
of sufficient duration to establish the 
100 hr and 1000 hr creep-rupture 
strengths. The creep-rupture strengths 
reported were determined by double 


as a measure of strain hardening from 
hot rolling even though it was recognized 
that some simultaneous variations in 
hardness resulted from precipitation 
hardening. Metallographic studies of 
all rolled and heat treated conditions 
were used to evaluate structural effects. 
Metallographic studies were made also 
on creep specimens after test. Lattice 
parameter measurements were made 
because it was thought originally that 
variations in lattice parameter would 
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Fic. 6.—Influence of Isothermal Redu 


Fic. 7.—Influence of Isothermal Reductions at the Indicated Rolling Temperature on the As- 
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Minimum Creep Rate, percent per hr 
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Reduction, percent 


ctions at the Indicated Rolling Temperature on the As- 
Rolled Minimum Creep Rates in 1000-hr for 25,000 psi at 1200 F. 


Reductions larger than 15 per cent at 1600 F or larger than 25 per cent at 1800 F and above 
required one or more reheats during rolling. 


0.001 


10 


20 


30 40 
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Rolled Minimum Creep Rate for 15,000 psi at 1500 F. 


Reductions larger than 15 per cent at 1600 F or larger than 25 per cent at 1800 F and above, re- 


quired one or more reheats during rolling. 
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Minimum Creep Rate, per cent per hr 


rolling. 


reflect variations in amount of alloy 
constituents in solution. 


RESULTS AND DISCUSSION 

The influence of hot working on § 

properties was evaluated by both creep- 2 

rupture and creep tests. Hardness tests, 2 
metallographic studies, and lattice pa- 3 

rameter measurements were used to ¢ 

establish the metal structural effects. The 2 

main emphasis was placed on the proper- = 

ties and structural effects in the hot- “© 


worked condition. A limited study of the 
influence of hot working on response to 
heat treatment was carried out. 

Attention is redirected to the fact 
that in all experiments the hot rquare 


was performed starting with j-in. square 
bar stock that had been heated 1 hr at 
2200 F and water quenched prior to 
reheating for rolling. The -in. starting 


Reduction, per cent 


Fic. 8.—Influence of Isothermal Reductions at the Indicated Rolling Temperatures on the As- 
Rolled Minimum Creep Rate in 1000 hr for 8000 psi at 1500 


_ Reductions larger than 15 per cent at 1800 F and above, required one or more reheats during 


oO 


Fic. 9.—Influence of Rolling 
: ‘ . the per cent Reduction for Optimum Creep an 

starting stock had been commerically Rupture Properties at 1200 and 1500 F for the 

processed from a large arc furnace ingot. Indicated Conditions. 
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50000 psi 
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5/5 000 psi 


1600 


1800 2000 
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Control of Properties in the Hot-Worked temperatures with reheats to below 2000 
Condition: F can lead to very low creep-rupture 
There were three outstanding results and creep strengths (Figs. 13 and 14). 

from the studies of the properties at 1200 

and 1500 F in the hot-worked condition: These three features of the data can 
1. Strengths increased with amounts be applied in a general way to account 

of hot working under isothermal condi- for some of the variations in strength 

tions up to an optimum reduction commonly observed in this type of alloy 

(Figs. 2 through 9). Further reductions for the hot-worked condition: 


100 Hour Rupture Strength 1000 Hour Rupture Strength 


Tested at 1200 F {| _ Tested .at 1200 F 
T 


| 

Tested at 1500 F Tested at 1500 F 

| if 


Rupture Strength, psi 


1 5000 
1800 2000 2200 1600 1800 2000 
Final Rolling Temperature, deg Fahr 


O - 25% at 2200 F + 15% at Indicated Temperature 
BO - 15% at 2200 F + 25% at Indicated Temperature 
4 - 10% Each at 2200 , 2000 ,!800 , and 1600 F 
x — 25% at 2000 F + I5% at Indicated Temperature 
+ — 25% at 1800 F + 15% at Indicated Temperature 
@ - 15% Isothermally at Indicated Temperature 

@ - 40% Isothermally at Indicated Temperature 


Fic. 10.—Comparison of Isothermal and Non-Isothermal Rolling on the 100 and 1000-hr Rupture © = 
Strengths at 1200 and 1500 F. 


either did not improve strength or re- 1. Medium to low strengths would be 
sulted in a fall-off in strength. expected from large reductions at nearly 
2. Successive reductions over a decreas- constant temperature. This appears 
ing temperature range produced higher verified by being characteristic of the | 
strengths at 1200 F than were obtained _ properties of the alloys from high volume 
during working at constant temperature production processes involving rapid and 
(Figs. 10 and 11). At 1500 F the strengths extensive reductions at relatively con-— 
were only slightly higher than were ob- stant temperatures. 
tained by equivalent total isothermal 2. On the other hand, experimentally 
reductions (Figs. 10 and 12). produced materials frequently have ab- 
3. Repeated small reductions to low normally high strength in the hot-worked 
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Creep Rate, percent per hr 


| 
50000 ps: 


100 X10° 


Creep Rate, percent per hr 


1600 


10000 x 10° 


1800 


2000 


2200 


1600 


1800 


Final Rolling Temperature, deg Fohr 


O- 25% at 2200F + 15% at Indicated Temperature 
4O- 10% Each at 2200, 2000, 1800 and IG600F 


+- 25% at IBOOF + 15% at Indicated Temperature 


O- 15% at 2200F + 25% at Indicated Temperature © 
X - 25% at 2OOO0F + 15% at Indicated Temperature | 
B - 40% Isothermally at Indicated Temperature 
@ '5% Isothermally at Indicated Temperature 


1000 


Creep Rate, percent per hr 


| | 
15 000 psi 


Creep Rate, percent perhr 


1600 


2000 
Final 


1800 


2200 


100 x 10° 
8 


2000 


ac 


Fic. 11.—Effect of Rolling Temperature on Creep Rate at 1200 F for Various Reductions. 


| | 
8000 psi 


1600 


O - 25% at 2200F + 15% at Indicated Temperature 


1800 


Rolling Temperature, deg Fahr 


4 - 10% Each ot 2200, 2000, 1800, and IGO00F 
+ - 25% at IBOOF + 15%at Indicated Temperature 
0 - 15% at 2200F + 25% at Indicated Temperature 
X - 25% at 2OOOF + 15% at Indicated Temperature 
- 40% Isothermally at Indicated Temperature 
@- \sothermally at Indicated Temperature 


2000 


Fic. 12.—Effect of Rolling Temperature on Creep Rate at 1500 F for Various Reductions. 
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Tested at 1200F 25000 Tested at 1500F 
= /00 Hr — 
55000- 20000} 
a 
2 50000 + 15000 1000 He 
¢ a 
45000}- 1000Hr 10000 a 
40000} 5000 
35000 ! re) | 
Sigoo 1900 2000 2100 2200 1900 2000 2100 2200 


Final Rolling Temperature, deg Fahr 
O-Heat to 1800 F, “2 hr, Roll 5%, Cool to 1500 F, Roll 5%, Hold 2hrs, Reheat to i800 F 
Repeat Cycle 3 More Times. 
@-Heot to 2000 F, "“) hr, Roll 5%, Cool to 1500 F, Roll 5%, Hold 2 hrs, Reheat to 2000 F 
Repeat Cycle 3 More Times 
X- Heat to 2200 F, "2 hr, Roll 5%, Cool to 1500 F, Roll 5% Hold 2 hrs, Reheat to 2200 F 
Repeat Cycle 3 More Times 


Fic. 13.—Effect of Cyclic Rolling on the 100 and 1000-hr Rupture Strengths at 1200 and 1500 F. 


condition. This apparently arises from 1200 F. Strengths equal to or in excess 


production conditions where the metal 
is given successive small reductions as 
the temperature decreases. Almost all 
alloys of the type studied have shown 
record high strengths in the hot-worked 
condition. A common use of small 
reductions with a falling temperature 
under these conditions seems responsible. 
To obtain these high strengths it appears 
that the working schedule must meet the 
following requirements: 

(a) The reductions must either all be 
below the amounts causing recrystalliza- 
tion during working, or if recrystalliza- 
tion occurs at the higher temperatures, 
be carried down to temperatures where 
recrystallization ceases. 

(b) Many small reductions at small 
temperature intervals are probably most 
effective. 


The falling temperature - small reduc- 
tion principle appears to have consider- 
able importance for high strength at 


of those normally obtained only by hot- 
cold work in the range of 1200 to 1400 F 
can be produced with finishing tempera- 
tures in excess of 1800 F. For example, 


= 


100 hr 


Strength, 
per cent 
Strength, 
psi 
per ecnt 


psi 
| Elongation, 


| Elongation, 


1. 25 per cent reduction 
at 2200 F + 15 per 
cent at 1800 F..... 61 000, 548 000 

. Successive 10 per 
cent reductions at 
2200, 2000, 1800 
and 1600F........ 60 000; 2048 000 

3. 2050 F, 2 hr, water 

quenched + 15 per 
cent reduction at 
56 000, 450 000 
4. 2200 F, 1 hr, water 
quenched + 15 per 
cent reduction at 


to 


es 
vas 
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Many small reductions at frequent 
temperature intervals apparently is the 
key to high-rupture ductility in combi- 
nation with high strength (Tables I, II, 
and ITI). 

3. Repeated reductions in combination 
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In «dition to the major generalities 
of the results there were a number of 
additional important features of the 
data of a somewhat more detailed nature 
relating to both mechanical and physical 
properties in the hot-worked condition. 


Testing 
Temperature, 
deg Fohr 


Rolling Conditions 


1200 1500 
® 


Heat to 1800 F,"2 hr, Roll 5% — 
Cool to 1500 F, Roll 5%, Hold 2 | — 
hrs, Reheat to 1800 F. Repeat 
Cycle 3 More Times 


Heat to 2000 F, ’2 hr, Roll 5%, » 4 
Cool to 1500 F, Roll 5% Hold 2 
hrs, Reheat to 2000 F. Repeat 
Cycle 3 More Times 


Heat to 2200 F, “2 hr, Roll 5%,| 
Cool to 1500 F, Roll 5% Hold 2 ° 
hrs, Reheat to 2200 F. Repeat 
Cycle 3 More Times 


0.00! 


Minimum Creep Rate, per cent per hr 


0.0001 


15000 psi 


50000 psi ss 


8000 psi 
25000 psi 


0.00004 | | 
1800 2000 


dicated Initial Stresses. 


with intermediate reheats to below 2000 
F is undoubtedly the primary reason for 
low strength in sheet products when low 
reheat temperatures are used to reduce 
scaling and preserve surface quality. For 
the alloy studied, reheat temperatures 
of 2000 to 2200 F for } hr were adequate 
to avoid this and give relatively high 
strengths. 


Final Rolling Temperature, deg Fahr 
Fic. 14.—Effect of Cyclic Rolling on the Minimum Creep Rates at 1200 and 1500 F for the In- 


2200 2400 


1. Hardness increased with per cent 
reduction at all rolling temperatures. 
However, there was a rapid drop in 
hardness when the isothermal reduction 
exceeded 7 per cent at 2200 F and 10 
per cent at 2100 F as shown in Fig. 15. 
Little further increase was obtained for 
more than 15 per cent reduction at 2000 
F. All reductions at 1800 and 1600 F in- 
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creased hardness. In addition the over-all 
levels of the various hardness curves in 
Fig. 15 were influenced by the heating 
temperature alone as evidenced by the 
increases in hardness of stock simply 
reheated to the rolling temperatures and 
cooled without rolling. As shown in 
Table IV rolling over various falling 
temperature ranges developed high as- 
rolled hardness values, the one exception 
being the material rolled between 2200 
and 2000 F. Cyclic rolling between 1500 
and 1800 F, and between 1500 and 2000 
or 2200 F, developed hardnesses of 253 
and 248 BHN, respectively. 

2. The microstructural studies of the 
as-rolled specimens (Figs. 16, 17 and 18) 
showed that the discontinuities in the 
per cent reduction versus hardness 
curves (Fig. 15) were due to recrystalli- 
zation during rolling. Thus recrystalliza- 
tion during hot working is dependent 
upon the temperature and amount of 
reduction. Even at 2200 F a reduction 
of 7 per cent was required to initiate 
recrystallization. Reductions of between 
15 and 25 per cent at 2000 F were re- 
quired before partial recrystallization 
occurred. Further reduction at this 
temperature increased the amount of 
recrystallization with little change in 
hardness. Grain distortion rather than 
recrystallization was observed for rolling 
at 1800 or 1600 F. 

Rolling first at 2200 F before rolling 
at lower temperatures, Fig. 17, reduced 
the grain size by recrystallization during 
the initial working at 2200 F. 

3. A finely dispersed matrix precipi- 
tate formed when the alloy was reheated 
to 1800 or 2000 F for § hr. Conceiv- 
ably this high-temperature precipitate, 
spheroidized and agglomerated, is the 
source of the excess phases other than 
the insoluble columbium compounds, fre- 
quently observed in the structure of 
alloys of the type being considered. 

Rolling first at 2200 F before rolling 
at 2000 or 1800 F, Fig. 17, suppressed 
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TABLE I.—RUPTURE DUCTILITY AT 
1200 AND 1500 F FOR BAR STOCK ROLLED 
ISOTHERMALLY BETWEEN 1600 AND 
2200 F. 


Interpolated Interpolated 
Rupture Elonga-|Rupture Elonga- 
tion at 1200 F, | tion at 1500 F, 


Rolling Condition |per cent in 1 in. |per cent in 1 in. 


100 hr | 1000 hr| 100 hr | 1000 hr 


Rolled at 1600 F, 
reduction 

O per cent.... 

5 per cent.... 

10 per cent.... 

15 per cent.... 

25 per cent.... 
40 per cent... 


Rolled at 1800 F, 
reduction 
O per cent... 
5 per cent.... 
10 per cent.... 
15 per cent.... 
25 per cent.... 
40 per cent.... 
65 per cent. . 


Rolled at 2000 F, 
reduction 

O per cent.... 

5 per cent.... 

10 per cent. ... 
15 per cent.... 
25 per cent.... 
40 per cent.... 
65 per cent. ... 


Rolled at 2100 F, 
reduction 

O per cent.... 

5 per cent. ... 

10 per cent.... 
12 per cent. ... 
15 per cent.... 
25 per cent.... 
40 per cent.... 


Rolled at 2200 F, 
reduction 
O per cent.... 
3 per cent.... 
5 per cent.... 
7 per cent.... 
10 per cent.... 
12 per cent.... 
15 per cent.... 
18 per cent.... 
20 per cent.... 
25 per cent.... 
40 per cent.... 
65 per cent.... 


25 
41 
13* 
12* 
12 
10 
10 
15 


7 
6 
5 
8 

12 

19 


15 32 
35 


* Extrapolated. 
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TABLE II.—RUPTURE DUCTILITY AT 
ROLLED OVER CONTROLLED 
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1200 AND 1500 F FOR BAR STOCK 
TEMPERATURE RANGES. 


FOR CYCLIC ROLL 


Interpolated Rupture Interpolated Rupture 
Elongation at 1200 F, per | Elongation at 1500 F, per 
os Rolling Condition cent in 1 in. cent in 1 in. 
100 hr 1000 hr 100 hr 1000 hr 
Rolled 25 per cent at 2200 F plus 15 per cent at 
Rolled 25 per cent at 2200 F plus 15 per cent at 
Rolled 15 per cent at 2200 F plus 25 per cent at 
Rolled 25 per cent at 2200 F plus 15 per cent at 
Rolled 10 per cent each at 2200, 2000, 1800, and 
Rolled 25 per cent at 2000 F plus 15 per cent at 
Rolled 25 per cent at 1800 F plus 15 per cent at 


TABLE Ill. —RUPTURE DUCTILITY AT 1200 AND 1500 F 


ED BAR STOCK. 


_ Interpolated Rupture Interpolated Rupture 
Elongation at 1200 F, Elongation at 1500 F, 
Rolling Condition per cent in 1 in. per cent in 1 in. 
100 hr 1000 hr 100 hr 1000 hr 
Heat to 1800 F, 4 hr, roll 5 per cent, cool to 
1500 F, roll 5 per cent, hold 2 hr, reheat to 
1800 F. Repeat cycle 3 more times............ 40 30 20 10 
Heat to 2000 F, % hr, roll 5 per cent, cool to 
1500 F, roll 5 per cent, hold 2 hr, reheat to 
1800 F. Repeat cycle 3 more times............. 18 15 12 5 
Heat to 2200F, 44 hr, roll 5 per cent, cool to 
1500 F, roll 5 per cent, hold 2 hr, reheat to 
1800 F. Repeat cycle 3 more times............. 20 20 25 14 


the high-temperature precipitation. Roll- 
ing at 1600 F did not produce a general 
precipitate. Repeated rolling at 1500 and 
1800 F caused extensive precipitation 
and agglomeration of the precipitates. 
There was little evidence of this when 
the upper temperature was increased to 
2000 or 2200 F (Fig. 18). 

Structural changes during testing at 
1200 F were largely dependent on the 
initial as-rolled condition of the bar 
stock. Extensive precipitation took place 
in the matrix during testing provided 


precipitation had occurred during rolling 
(Fig. 19). The structural changes which 
occurred during testing at 1500 F ap- 
peared to be largely independent of the 
initial conditions of the microstructure. 
Precipitation or agglomeration occurred 
in all bars during testing and all struc- 
tures were remarkably similar after 
testing (Fig. 20). 

4. The influence of amount and tem- 
perature of reduction on lattice param- 
eters (Figs. 21, 22 and 23) was complex. 


Successive minimum and maximum 


; 
AY 
768 
um 
4 
4 
4 
j gat 
@ 
4 
. 
Fai 
ice 


300 


Hardness 


Reduction, percent 


Fic. 15.—Influence of Isothermal Reductions at 1600, 1800, 2000, 2100, or 2200 F on the As- 
Rolled Hardness. 


Reductions larger than 15 per cent at 1600 F, or larger than 25 per cent at 1800 F and above, 


required one or more reheats during rolling. 


values appeared as amount of reduction 
was increased. The amount of reduction 
required to produce these effects in- 
creased as the rolling temperature was 
reduced. The agreement between meas- 
urements made transverse to the rolling 
direction with check determinations at 
other angles (Fig. 21) indicates that any 
orientation effects were small. During 
the investigation it was established that 
cooling rate had a pronounced effect 


ing Figs. 24 and 25) on measured lattice 
ich parameter. These limited data show 
ip- that intermediate cooling rates result in 
he larger parameters. That is, air cooling 
re. produced larger values than either very 
red slow or very rapid cooling. 

5. The maximum  creep-rupture 
ler strength at 1200 F from isothermal 


rolling was obtained by 15 per cent 


m- reduction at any temperature (Fig. 2). 
m- The hot-worked condition generally 
yields creep-rupture strengths at 1200 F 


hich are higher than can be obtained 
y heat treatment alone. The tempera- 


TABLE IV.—BRINELL HARDNESS OF 
BAR STOCK ROLLED OVER  CON- 
TROLLED TEMPERATURE RANGES. 


Rolling Conditions 


25 per cent at 2200 F plus 15 per cent 
at 2000 F 

25 per cent at 2200 F plus 15 per cent 


Heat to 1800 F, 4 hr., roll 5 per cent, | 
cool to 1500 F, roll 5 per cent, hold 
2 hr., reheat to 1800 F. Repeat cycle 

Heat to 2000 F, 14 hr., roll 5 per cent, 
cool to 1500 F, roll 5 per cent, hold 
2 hr., reheat to 2000 F. Repeat cycle 
Heat to 2200 F, % hr., roll 5 per cent, 
cool to 1500 F, roll 5 per cent, hold 
2 hr., reheat to 2200 F. Repeat cycle 
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MO. 
F) 


2200 F plus 15 per cent at 2000 F. 
1125 hr. 
Fic. 19.—Microstructure After Creep Testing at 1200 F with a Stress of 25,000 psi. 


4 


re 


X 1000 
Duration of Creep 


Prior to testing, bar stock was solution treated at 2200 F, 1 hr, water quenched and rolled as indi- 


eated. (Electrolytically etched in 10 per cent chromic acid.) 


0 
7 Rolled 15 per cent at 2000 F. Duration of Creep Test 
Fic. 20.—Typical Microstructure After Creep Testing at 1500 F with a Stress of 25,000 psi. 
Prior to testing, bar stock was solution treated at 2200 F, 


X 1000 
: 1154 hr. 


1 hr, water quenched and rolled as in- 


dicated. (Electrolytically etched in 10 per cent chromic acid.) 


ture of working has a potent influence 
on the level of creep-rupture strength at 
1200 F (Fig. 2). Relatively high creep- 
rupture strengths for isothermally re- 
duced stock in excess of 50,000 and 
40,000 psi for 100 and 1000 hr, respec- 
tively, require working below 2100 F. 
6. The control of rupture strength at 
1500 F in the isothermally hot-worked 
condition is dependent mostly on the 
degree of reduction and only slightly 
dependent upon the working tempera- 


ture (Fig. 3). Specific reductions de- 
pendent on the temperature of working 
(Fig. 4) are required for maximum 
strength with large reductions being 
detrimental. It is noteworthy that a 7 
per cent reduction at 2200 F yielded as 
high a rupture strength at 1500 F as 
could be obtained by any other condi- 
tions of working investigated. 

7. Apparently high elongation and 
reduction of area in rupture tests at 
1200 F is dependent on large reductions 
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x Rolled at I800F ad 
@ Rolled at 2000F 
3.5900 
< 90x- 
E 
2 80 
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di- 
5 10 15 20 25 30 35 40 65 
Reduction, percent 
Fic. 21.—Influence of Isothermal Reductions at 1800 or 2000F on the Lattice Parameter of Bs 
As-Rolled Bar Stock. 
Reductions larger than 25 per cent required one or more reheats during rolling. All specimens are a 
transverse to rolling direction unless indicated otherwise. ; 
| 
33800 T T T T § 
3.5890 
2 
35880 
a 
3.5870 
e- 
1g 
35860 
ig 
y | | | | | 4 
3.5850 
AS 0 5 10 5 20 25 30 35 40 45 | 
iS Reduction, per cent 
i- Fic. 22.—Influence of Isothermal Reductions at 2100 F on the Lattice Parameter of As-Rolled 
Bar Stock. 
d The reduction of 40 per cent required one reheat during rolling. 
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Lattice Parameter,A 


15 20 25 30 35 40 45 
Reduction, percent 


) Fic. 23.—Influence of Isothermal Reductions at 2200 F on the Lattice Parameter of As-Rolled 
Bar Stock. 


The reduction of 40 per cent required one reheat during rolling. 
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Fic. 24.—Influence of Cooling Rate from Reheat Temperature on Lattice Parameter. 


Specimens solution treated at 2200 F, 1 hr, water quenched, reheated to indicated reheat tempera- 
ture for }4 hr, and cooled as indicated. 
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at 1800 to 2000 F (Tables I and II). 
High-temperature working with re- 
crystallization also increased ductility. 
Elongation and reduction of area in 
rupture tests at 1500 F was very sensitive 
to reduction amounts (Tables I and II). 
Ductility can be reduced to very low 
values by increasing amounts of reduc- 
tion. For isothermal working high 
ductility is obtained if temperature of 
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The data indicate that large reductions 
below 2000 F might be particularly 
damaging. 

9. Generally speaking the optimum 
reduction for maximum creep resistance 
under low stresses is less than for maxi- 
mum rupture strength (Fig. 9). 

10. Recrystallization during working 
without further working at lower tem- 
peratures leads to low hardness and 


3 5890 T T | T 


3.5880 


T 


A 


3.5870+ 


3.5860} 


Lattice Parameter 


3.5850 


T 


Furnace Cooled 


1 l 1 i 


3.5830 


Insulating Compound 


T ] T | T T 


Air Cooled 


Cooled in 


Oil Quench 
Water Quench 


0. 


hr, and cooled as indicated. 


working exceeds 2000 F or if the reduc- 
tions are very small. 

8. Creep resistance at low stress levels 
is apparently more sensitive to degree 
of reductions than rupture strength. 
(Compare Figs. 6 and 8 with 2 and 3.) 
At 1200 F, the creep strengths were 
sensitive to temperatures of hot working 
just as the creep-rupture strengths were 
sensitive (Fig. 6). Large reductions above 
2000 F develop low creep resistance. At 
1500 F, creep resistance was more 
sensitive to amount of reduction (Fig. 8). 


La 


Cooling Rate at |200F, deg Fahr per sec 
‘Fic, 25.—Influence of Cooling Rate from 2025 F on the Lattice Parameter, 
After solution treating at 2200 F, 1 hr, water quenched, specimens were reheuted to 2025 F, 14 


relatively low strength (Tables I and IT). 
Mechanism of Strengthening and W eaken- 
ing by Hol-Working: 

The results of this investigation pro- 
vide a basis for hypothesis to explain 
the observed influences of hot working 
on the high-temperature strength proper- 
ties of this class of alloys. Conceivably 
both strengthening and weakening occur 
during working as evidenced by increases 
in strength followed by decreases as the 
amount of hot working increases. The 
relative effects vary with stress and 
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temperature of testing. It appears that 
a major factor in strengthening involves 
strain hardening, although this un- 
doubtedly is an oversimplification. The 
suggestion is made that weakening 
originates mainly from a recovery type 
process during working which in its 
extreme exhibits itself as recrystalliza- 
tion during working at the higher tem- 
peratures. When recrystallization does 
not actually occur, the damage arises 
from the same structural alterations as 
those which induce recrystallization to 
occur at higher temperatures. In addi- 
tion, there are other effects from the 
precipitation during working at 1600 to 
2000 F and during working. 

Strengthening During Working—The 
correlations of hardness to rupture and 
creep strengths (Figs. 26 through 33) 
show reasonably close relationships be- 
tween hardness and rupture strengths 
at 1200 F. When the stress was reduced 
to 25,000 psi at 1200 F, the resulting 
creep strength did not correlate as well. 
Both rupture and creep strengths at 
1500 F correlated poorly with hardness. 
Even though it is recognized that hard- 
ness is an imperfect indication of strain 
hardening, it is suggested that the corre- 
lation at 1200 F for rupture and creep 
at high stress levels presents good evi- 
dence that when creep is largely a slip 
process under relatively low-temperature 
rapid creep conditions, strain hardening 
is a major controlling factor. As the creep 
rate is reduced or the test temperature 
increased the creep process becomes more 
“viscous” in nature. Strain hardening 
then becomes less effective and the 
correlation breaks down. 

Weakening During W orking—The ap- 
pearance of recrystallization must be a 
definite limitation to strengthening from 
hot working. Strengths did not increase 
with reductions at 2200 F, presumably 
due to continuous recrystallization dur- 
ing rolling. Continuous recrystallization 
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ae, 
during working first at 2200 and then 
at 2000 F was accompanied also by low 
strength. 

Recrystallization is a recovery process 
and appears first in the grain boundaries. 
Larger reductions result in its initiation 
within grains. The suggestion is made 
that in the absence of recrystallization 
the same structural alterations which 
lead to recrystallization also lower creep 
resistance as creep becomes more a func- 
tion of grain boundary conditions (lower 
creep rates or higher temperatures), and 
probably accumulated damage within 
crystals. Since visual recrystallization 
causes weakening, or damage, it seems 
reasonable to presume that some type 
of recovery or similar process such as 
subgrain formation occurring prior to, or 
in the absence of recrystallization, can 
cause damage. Such a damage component 
is cumulative, apparently because rup- 
ture strengths at 1500 F and creep 
resistance at low stress levels at both 
1200 and 1500 F was reduced increasingly 
as reductions were increased past the 
optimum. Moreover, it appears at 
smaller reductions as the creep stress is 
reduced and the test temperature in- 
creased (Fig. 9), as such a theory would 
predict. 

In fact, due to the analogy of increas- 
ing damage from increasing reduction as 
creep becomes more viscous in nature, 
there is reason to suspect that a major 
source of damage may be the non-slip 
or viscous flow so long identified by 
investigators with rapid plastic deforma- 
tion. Certainly plastic deformation is 
non-homogeneous in polycrystalline ag- 
gregates and gives evidence of both slip 
and non-slip processes. 

Detailed Experimental Results Relating 
to Mechanism.—The optimum reduction 
during isothermal working for maximum 
rupture strength at 1200 F was constant 
at 15 per cent. This suggests that the 
damage component begins to predomi- 
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nate at this reduction regardless of the 
temperature of working. There is in fact 
considerable reason to believe that 15 
per cent reduction gives optimum 
strength for temperatures of reduction 
as low as 1000 F when the stock is 
initially solution treated at 2200 F 
(i). Apparently hardness can continue 
to increase with further reduction in the 
absence of recrystallization, but the 
rupture strength cannot. This results in 
strengths no longer correlating with 
hardness (Figs. 26 and 27) when worked 
at 1800 and 1600 F and probably at 
lower temperatures. It was shown by 
Frey, et al (2) that correlation with inter- 
nal strain broke down for creep resist- 
ance at 1200 F under 50,000 psi for a 40 
per cent reduction at 76 F. It now seems, 
however, that this breakdown was due 
to excessive deformation rather than to 
recovery during testing as proposed 
originally. 

To account for observed behavior, it 
seems necessary to postulate that only 
strain-hardening accumulated with re- 
ductions up to 15 per cent at any tem- 
perature is effective before the damage 
component prevents further strengthen- 
ing from increasing strain hardening. It 
would certainly be easiest to explain this 
if subgrain formation controlled rupture 
strength and was dependent largely on 
degree of reduction and independent of 
working temperature. This explanation 
would best require a rupture strength 
independent of working temperature. 
Actually, this is not far from the facts. 
In Fig. 34, rupture data for 15 per cent 
reductions down to 1000 F (1) have been 
added to those from this investigation 
for material initially solution annealed 
at 2200 F. There is remarkably little 
variation in strength for reductions be- 
tween 1000 and 2000 F, and that which 
does occur can be accounted for in terms 


’ The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 788, 
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of precipitation between 1600 and 2000 
F. 

The maximum rupture strengths at 
1500 F were constant regardless of the 
hot-working temperature (Fig. 4). Again 
the data suggest that a recrystallization 
type of subgrain mechanism controls. In 
this case, however, it is necessary to have 
the amount of reduction to obtain the 
optimum structure decrease with in- 
creasing temperature of working. If this 
is not the case, there must be a complex 
interrelationship between cold work, 
recrystallization, precipitation during 
hot working, precipitation and agglomer- 
ation during testing, and the mechanisms 
of creep and rupture leading to uniform- 
ity of rupture strength. 

Precipitation During Hot-Working— 
The sensitivity of rupture strength at 
1200 F to temperatures of reduction is 
related apparently to the effects of the 
temperature of reheating for hot work- 
ing. Specifically, the low strength of 
material worked at 2100 F seems due to 
exposure to that temperature and not 
the effect of reduction. In other words, 
if the changes in the 1200 F rupture 
strength brought about by simply re- 
heating to the various hot-working 
temperatures are subtracted out, the 
hot-worked rupture properties at 1200 F 
are primarily a function of per cent 
reduction and not of hot-working tem- 
perature. The suggested explanation 
involves some influence on the precipita- 
tion evident microscopically only after 
working at lower temperatures. The low 
strength after working at 2200 F seems 
due to continuous recrystallization. The 
drop in maximum rupture strengths for 
1000 hr at 1200 F from working at 1600 
to 2000 F (Fig. 34) appears related to the 
precipitation during hot-working. This 
prior precipitation also induced extensive 
precipitation during testing at 1200 F. 
Both effects would be expected to have 
little influence on short-time rupture 
strengths but should lower long-time 
strengths (3). The precipitation effects 


= 
‘ 
1 
) 
+, 
l- 
1 
S 
ir 
p 
= 
g 
Lt 
n 
n 
a 
an 
= 
| 


782 


could account for the decrease in strength 
at 1200 F for the observed hardness after 
working at 1600 and 1800 F (Figs. 26 
and 27). The previous work (3) has shown 
that hardness can increase during aging 
but strength decreases. The evidence, 


however, seems more in favor of the 
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produce weakening in most cases lead 
to increased elongation and reduction of 
area in the rupture tests, this being 
particularly true for recrystallization, 
There are, however, aspects of the 
ductility relationships which do not 
appear to fit into this mechanism. The 
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main influences being related to changes 
in structure as controlled by plastic flow 
of the metal. 

Precipitation apparently had little 
effect on strength at 1500 F. Presumably 
this was due to precipitation and ag- 
glomeration during testing being so rapid 
and extensive that the pretesting precipi- 
tate had little influence on properties. 

Ductility in Rupture Tests—The data 
suggest that the same mechanisms which 


most difficult factor to explain is the 
pronounced increases in elongation at 
1500 F for 100 hr resulting from simply 
reheating to the working temperatures 
(Table I) and the pronounced decreases 
at both 100 and 1000 hr with increasing 
reduction. Some influence from the 
precipitation reaction may be operative. 
The reductions for maximum strength 
appear to bear little, if any, relation to 
the reductions for minimum elongation. 
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Hot-Working With Decreasing Temper- 
atures—In working first at 2200 F and 
then at either 1800 or 1600 F, both the 
hardness and the rupture strength at 
1200 F are higher than would have been 
anticipated from isothermal data (Figs. 
26 and 27). The rupture strengths at 
1200 F of material worked at 2000 and 
1600 F and that given reductions of 10 
per cent were also high and in accord 
with their hardness. Thus these working 
procedures developed high strength and 
high hardness with large total reduction. 
This was not quite so true for working 
first at 1800 and then at 1600 F. The 
continuously recrystallized material from 
working at 2200 and 2000 F had strength 
in agreement with its hardness. 

These factors suggest an increase in 
the low-temperature strengthening mech- 
anism during working without an in- 
crease in the weakening effect. The cause 
is not clear from the data. The alloy 
worked first at 2200 F may have been 
made more susceptible to strain harden- 
ing for a given reduction at lower tem- 
peratures. The suppression of precipita- 
tion during working at 1800 and 1600 F 
may have been involved. The high 
strengths of the material worked without 
recrystallization suggest that a stable 
structure was developed by the high- 
temperature working which could be 
given further limited reductions at lower 
temperatures without increasing the 
damage. 

Cyclic Heating.and W orking —Heating 
and working repeatedly between 1500 F 
and 1800, 2000, or 2200 F presented 
opportunities for several complicating 
reactions to occur. Precipitation and 
agglomeration were extensive when the 
top temperature was 1800 F, apparently 
the result of extensive precipitation at 
temperatures close to 1800 F. When the 
top temperature was 2000 F, precipita- 
tion at the top temperature was reduced. 
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Presumably there was no precipitation 
at 2200 F. 

If it is assumed that the 3 hr at 2200 F 
was sufficient for nearly complete solu- 
tion and recovery from prior working at 
1500 F, the properties should approxi- 
mate those arising from a 5 per cent 
reduction at 2200 F plus 5 per cent at 
1500 F. Data are not available for 
working at 1500 F. Estimates based on 
available data from this investigation 
and Freeman, Reynolds, and Frey’s 
survey, (1) however indicate that hard- 
ness and properties are close to those 
which might be anticipated on this basis 
and are in accord with hardness correla- 
tions of Figs. 26 through 33. The same 
is true for an upper temperature of 2000 
F. Material worked between 1800 and 
1500 F, however, had both low strength 
and low hardness, and the properties 
were low on the basis of hardness correla- 
tions in Figs. 26 through 33. The exten- 
sive precipitation and agglomeration 
during working at 1800 and 1500 F com- 
bined with recovery effects at 1800 F 
and the damage of extensive reductions 
at low temperatures all contributed tc 


low strength. 
Response to Heat Treatment: __ 
The results from this investigation 


indicate that response to heat treatment 
is virtually independent of prior working 


conditions for heat treating temperatures _ 


in the range 2050 to 2200 F, Table V. 
These data are proof that the damage 
component from working is not perma- 
nent and can be removed by heat treat- 
ment. This still leaves the question as to 


the cause of variations in properties — 


observed in practice for specific treat- 
ments. The suggestion is that they are 
due to unidentified heat-to-heat varia- 
tions. 

There are working conditions which 
lead to abnormal grain growth. It is 


recognized that for such conditions = 
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response to heat treatment will not be 
independent of prior history regardless 
of treatment condition. 


General Observations: 


The relationships between hardness 
and properties in Figs. 26 through 33 
demonstrate the reasons for the inade- 
quacy of hardness for predicting proper- 
ties at high temperatures. Large reduc- 
tions at essentially constant temperature 
or repeated reductions with low-tem- 
perature reheats too brief to permit 
recovery and solution lead to low 
strength in relation to hardness. 

No direct relationship between grain 
size and properties was observed. Re- 
crystallization during working was ac- 
companied frequently by low strength. 
It is doubtful, however, that grain size 
in itself was nearly as much a factor as 
strain hardening, recovery effects and 
possible structural alterations or precipi- 
tation effects accompanying the deforma- 
tion. 

The high-temperature precipitation 
accompanying exposure to or working 
in the temperature range of 1600 to 2000 
F had not been observed previously. It 
certainly is the source of the extensive 
precipitates frequently observed in hot- 
worked products. 

The reasons for or the significance of 
the sensitivity of the lattice parameters 
to working conditions and cooling rate 
are not understood. They do not seem 
explainable on the basis of ordinary 
solution and precipitation of odd-sized 
atoms and indicate that they cannot be 
used to estimate solubility of alloying 
elements as was originally intended. The 
lattice parameter variations were so 
large, however, that they pose questions 
as to important unidentified reactions 
such as ordering of the matrix structure 
having more effect on properties than 
now seems evident. 


structural stability during testing. 
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Limitation of Results: 7 4 


The most serious limitation of the 
results appears to be the use of experi- 
mental material previously hot worked 
to a high degree, and then solution 
annealed at 2200 F to minimize this 
prior history. The limitations introduced 
by the method and conditions of working 
are uncertain. It is expected the general 
principles would remain the same even 
though it is difficult to foresee the effects 
of more rapid and larger reductions dur- 
ing rolling, the difference between rolling 
and hammer forging, influence of die 
constraint, etc. 

The conditions of working over a 
falling temperature range that were 
investigated were extremely limited. 
Undoubtedly this would be a fertile field 
for further experimentation to cover 
more ranges of reductions and temper- 
atures of reduction. 

In this investigation, reasonable uni- 
form working throughout the cross-sec- 
tions was obtained. In actual practice 
there may be considerable variation in 
the metal movement within a given 
cross-section, which could produce vari- 
able properties across the section in the 
hot-worked condition. The properties 
at individual locations, however, should 
be in accordance with degree of reduction 
as established by this investigation. 

It is believed that the general prin- 
ciples established apply to all alloys of 
the same general metallurgical type. This 
would include practically all of the 
superalloys, except those dependent on 
the aging reactions derived from the 
additions of aluminum and titanium. 
The amounts and temperatures of reduc- 
tion for increases or decreases in strength 
in various alloys would be expected to 
vary depending on relative _ strain 
hardening and recovery characteristics 
during working, as well as individual 
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SUMMARY AND CONCLUSIONS 


Principles were developed through this 
study which indicate the necessary 
controls to produce high strength and 
ductility at high temperatures in the 
hot-worked condition. Principles were 
established also outlining the basic causes 
of low strength and ductility in the 
hot-worked condition. It is believed that 
the basic principles apply to a wide range 
of alloys, the greatest exception being 
those alloys dependent upon precipita- 
tion hardening for strength. The more 
important principles evolved were: 

1. During hot working at constant 
temperature only limited amounts of 
reduction can be introduced before 
further reduction either results in re- 
duced strength or no further increase in 
strength at high temperatures. 

For rupture strength to 1000 hr at 
1200 F, the optimum reduction was 15 
per cent, independent of working tem- 
perature. The maximum strength was 
also independent of the working tem- 
perature, except when recrystallization 
occurred during working or when certain 
previous precipitation reaction occurred 
during heating for working in the range 
of 1600 to 2000 F. Maximum rupture 
strength at 1500 F was constant regard- 
less of the temperature of reduction. The 
reduction for optimum strength, how- 
ever, varied with the temperature of 
reduction. 

The reductions for maximum creep 
resistance were generally less than for 
maximum rupture strength. 

2. Reductions over a range of falling 
temperatures so that the reduction at 
any one temperature was below that 
causing a fall off in strength if worked 
isothermally resulted in much _ higher 
strengths at 1200 F than could be ob- 
tained by isothermal reduction. More- 
over the fall off in strength at 1500 F 
with large total reductions was avoided. 

Application of this princi 
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development of strengths equal to those 
normally obtained by hot-cold working 
at 1200 to 1400 F with all working tem- 
peratures in excess of 1800 F. Many 
small reductions over the temperature 
range also provide high ductility. 

3. Repeated working and reheating 
from temperatures below 2000 F results 
in low strength at elevated temperatures 
and high ductility. Both extensive 
precipitation in the range of 1800 to 
2000 F together with more than optimum 
reduction without the curative effects of 
high reheat temperatures appear to be 
involved. 

It appears certain that these principles 
explain many of the heretofore un- 
explained variations in the high-tem- 
perature properties of alloys of the type 
considered. Furthermore, the control of 
hot-working conditions to produce high 
level properties does not seem too com- 
plex or critically dependent on working 
conditions. 

The fundamental structural studies 
suggest that strain hardening is the 
predominant strengthening mechanism 
during working. Loss in strength from 
excessive reduction at relatively high 
working temperatures is associated with 
recrystallization during working. Ap- 
parently the same factors of large reduc- 
tions which induce recrystallization at 
high temperatures damages the creep 
strength at lower temperatures where 
recrystallization does not occur. The 
indications are that this occurs first in 
the vicinity of the grain boundaries. 
Thus low-stress, high-temperature creep 
strength which is presumably dependent 
mostly on grain boundary conditions has 
relatively small optimum reductions. As 
the test stress is increased or the tem- 
perature of creep reduced so that creep 
becomes more a function of normal slip 
within the grains, larger reductions can 
be tolerated without damage. Apparently 
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avoids accumulation of damage from 
large reductions. 

The basic mechanism was not estab- 
lished. Working may alter substructures. 
Indeed the extreme sensitivity of lattice 
parameter to hot working conditions and 
cooling rate suggests that unidentified 
reactions such as ordering of the matrix 
structure have more effect on properties 
than now seems evident. 

The interplay of the strengthening and 
weakening mechanism demonstrates very 
clearly why such characteristics as 
hardness do not correlate with strength 
properties at elevated temperatures. 

Good evidence has been presented to 
show that superior combinations of 
‘strength and ductility at high tempera- 
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EFFECTS OF CREEP STRESS HISTORY AT HIGH TEMPERATURES 
ON THE CREEP OF ALUMINUM ALLOYS* 


By O. D. SHersy,! T. A. Trozera,! anp J. E. Dorn? 


— 


SYNOPSIS 


Structural changes attending creep at high temperatures and high nine. 

are dependent on the preceding creep stress history. Results on aluminum 
solid-solution alloys indicate that initial plastic straining upon application of a 
constant stress decreases the creep resistance whereas the straining during 
creep increases the creep resistance. At low stresses the structural changes 
important to creep are minor. Neglecting transients that were observed upon 
change of stress, high-temperature creep at low stresses obeys a mechanical 


equation of state. 


Several investigations (1, 2, 3, 4, 5, 6)* 
on creep of high-purity metals and dilute 
alpha solid solutions at high temperatures 
have shown that 

e = f(6) = constant] 
where: 
— plastic strain, 
function that depends on the stress, 


= activation energy, 
= gas constant, 
T = absolute temperature, 
{ = time under test, and 
o = applied stress. 


The activation energy, AH, for high- 
temperature creep was found to be 


* Presented at the Fifty-ninth Annual Meeting 
of the Society, June 17-22, 1956. 

1 Research Engineer, Institute of Engineering 
Research, University of California, Berkeley, 
Calif. 

2 Professor of Physical Metallurgy, 
versity of California, Berkeley, Calif. 

The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 804. 


Uni- 


insensitive to the applied stress (1, 2, 3) 
and to the preceding creep strain and 
cold work (1-6). In fact the activation 
energy for creep was found equal to that 
for self-diffusion (3). 

A typical correlation achieved by Eq 1 
is given in Fig. 1. Since the external 
variables of stress and temperature were 
held constant throughout creep, the de- 
creasing creep rate over the primary stage 
of creep must be ascribed to changes of 
the internal variable of structure during 
creep. And since the shape of the «0 
curve is different for each new stress (1), 
the structural changes attending creep 
must be dependent on the stress. This 
fact is again emphasized by the data 
gathered in the present investigation as 
shown by the logarithmic plots recorded 
in Fig. 2. 

Whereas the course of high-tempera- 
ture creep at a given stress under any 
history of temperature in the range of 
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rapid crystal recovery (above about one- 
half the absolute melting temperature) 
can be predicted from two alternate con- 
stant temperature creep curves with the 
aid of Eqs 1 and 2 (2, 3), no method for 
predicting creep from constant stress 
creep data for a variable stress history 
has yet been uncovered. The major 
difficulty in formulating such methods of 
prediction arises from the effect of the 
entire precreep stress history on the 


mers (7) type of lever arms. The follow- 
ing limits of accuracy were maintained: 


CREEP AT HIGH STRESSES 


In order to obtain an expression for 
the creep rate, Eq 1 might be differ- 
entiated with respect to time, yielding 


f 
Z = — = constant]. . (3) 


structure. The investigation described de 
0.4 LL 
a 
0.3 
A Fracture 
© 53! K 
0.2 A 478K 
© 424K 
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4H=34 000 Calories per 
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2.0 2.5 3.0 35 


40x107!5 


Oty, 
Q=te RT hr 
Fic. 1.—Creep Curve for High-Purity Aluminum Under a Constant Stress of 3000 psi as a Func- 


tion of @. 


in this report was therefore initiated in 
an attempt to learn more about the 
effect of stress history on the creep of 
metals at high temperatures. 


MATERIALS AND EQUIPMENT 


The composition, annealing treat- 
ments, and grain sizes of the high- 
purity aluminum alloys used in this 
_ investigation are given in Table I. 

All creep tests were conducted under 
constant stress by use of creep equip- 
ment having calibrated Andrade-Chal- 


which in view of Eq 1, might also be 
written as 

Z = = constant). . (4) 
Thus the same value of Z is obtained for 
creep at a given stress at identical values 
of the strain ¢, independent of the test 
temperature. Consequently, as has been 
proven more completely previously (2), 
identical structures must also be ob- 
tained following creep at a given stress 
to the same strain independent of the 
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test temperature. Typical examples of 
Z-e correlations are shown in Figs. 3 to 5 
for the three alloys investigated here. 

The validity of the Z-e relationship of 
Eq 4, as documented in the preceding 
paragraph, was based on the previously 
established validity of the e¢-@ relation- 
ship of Eq 1. More direct experimental 
proof of the Z-e correlations is revealed 
by the good coincidence of the Z-e curves 
(Figs. 3 to 5) for a given stress at 
various test temperatures. 

In the absence of structural changes 
during the course of creep, the curves for 
constant stress and temperature should 
have been horizontal lines. The nature of 
the observed Z-e curves must therefore 
arise from structural changes attending 
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densation of vacancies and significant 
amounts of microfracturing, it will be 
neglected in the following discussion as 
somewhat extraneous to the current 
problem. Major emphasis will therefore 
be confined only to the primary stage of 
creep. 

According to the above arguments, 
stress must play two alternate roles in 
determining the creep rate. The first 
depends on the instantaneous stress and 
the second on the modification of struc- 
ture induced by the preceding stress 
history. In order to isolate the first 
factor for independent study, a series of 
specimens were precrept under a given 
stress to the same strain whereupon the 
stress was decreased to a new value (8). 


TABLE I.—CHEMICAL COMPOSITION, ANNEALING TREATMENT, AND GRAIN SIZE 


OF ALUMINUM 


ALLOYS INVESTIGATED. 


impurities 


Chemical Analysis, weight per cent 


Grain 


Annealing Treatment of Material | Diame- 


= Atomic per cent, Solute 


Cop- | Sili- 
per Iron 


Pure aluminum 0.006 0.003 0.003) 
0.10 per cent copper....... 


2.09 per cent magnesium... 


creep. Furthermore the significant differ- 
ences in the shapes of the Z-e curves as a 
function of stress reveal that the struc- 
tural changes attending creep are de- 
pendent on the stress history during 
creep. Since Z decreases over the primary 
stage of creep, the structure becomes 
more creep resistant with creep straining. 
And since Z decreases more rapidly with 
increasing values of ¢« for the highest 
applied stresses, the structural changes 
must be the greatest for the highest 
applied stresses. 

The point of a minimum creep rate (or Z) 
corresponds to the secondary creep rate, 
and where Z increases with further in- 
crease in e, creep has entered the tertiary 
stage. Inasmuch as tertiary creep might 
be stimulated by such factors as con- 


Man- | Mag- 
nesium 


|0.003'0.003 0.001 0.0006 
0.001 0.002,0.0010.001) ... 


ter, mm 


30 min at 860 F (733 K) 0. 
50 min at 800 F (700 K) 0. 
75 min at 800 F (700 K) 0.: 


0.001 | 


ty to 


TABLE II.—VALUES OF THE STRESS 
PARAMETER 8 FOR ALLOYS INVESTI- 
GATED. 


Alloy B Reference 


191 | (8) 
1 S = 
| “a (8) 


This investigation, 
Fig. 6 


Pure aluminum..... 


0.1 per cent cop- 
per in aluminum 


2.1 per cent mag- 
nesium in alumi- 
num alloy 


Thus, the instantaneous creep rate fol- 
lowing the decrease in stress pertained to 
the structure developed during the pre- 
creep history. In this way it was shown 
that for high stresses 
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where for a given alloy, B was found 
to be independent of temperature and 
the precreep history of originally an- 
nealed specimens. (Severe cold working 
at 78 K caused a decrease in the value 
of B, but following extensive creep B 
was restored to the value obtained for 
the originally annealed state) (5). Since 
both B and AH were independent of the 
creep strain, the structure parameter S” 
was isolated as the primary factor that 
changes during the course of creep of 


10'7 
2.1 Atomic per cent Magnesium in Aluminum Alloy 
Precrept to <*0.25 of 478 Kelvin t 
under Constont Stress of 15 OOO psi, | i] 
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= / 
| 
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PS 
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co, True Creep Stress, psi 


Fic. 6.—Effect of Stress on the Creep Rate 
for a Given Structure at High Stresses. 


initially annealed 
_ solid solutions. 

In an attempt to estimate the effect of 
_ structure on the creep rate, Eq 5 will be 
assumed to apply to the original creep 
curve. As proven by the decrease in 
‘stress technique, the values of B for 
originally annealed specimens will be 
taken to be constant over the entire 
range of strains and equal to the pre- 
viously determined values recorded in 
Table II (8). Consequently all structural 
_ changes attending creep testing will be 
reflected in appropriate changes in S”. 
_ Actually, as shown in Fig. 6, a small 


high-purity alpha 


2. 
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error is introduced by the assumption 
that the correct creep rate-stress rela- 
tionship is where B is a 
constant. The value of Z for the original 
creep curve is shown by the symbol +, 
whereas that obtained by extrapolation 
of the ée*”/*? «e* relationship is given 
by @. Consequently the calculated S” 
value, using the relationship, is somewhat 
less than the true value. The discrepancy 
between the true and extrapolated value 
increases with increasing precreep 
stresses. But the extrapolated value is 
never less than about one-fifth of the 
true value for the data recorded here. 
This factor is small in contrast to the 
changes of several orders of magnitude 
in S” encountered during the course of 
creep. The values of the structure param- 
eter, S”, obtained in the above-men- 
tioned way, are recorded as a function of 
the total strain in Figs. 7 to 9. The 
data for high-purity aluminum in Fig. 7 
suggest that two factors affect the S” 
values. During the course of creep S” 
decreases, the decrease being greatest 
for the highest stresses. But the inter- 
section of several of the curves for 
various stresses suggests that S” in- 
creases abruptly during initial straining 
immediately upon application of the 
stress. At strains preceding the inter- 
section of two S”-e curves, the higher 
stress induces the lesser creep-resistant 
structure, but beyond the point of inter- 
section the higher stress induces the 
greater creep-resistant structure. Such 
intersections of the S”-e curves for 
various stresses are not noticed in the 
data of Fig. 8 for the 0.101 atomic per 
cent copper alloy. The trends here are 
similar to those for the high-purity 
aluminum at strains beyond the points of 
intersection. Thus, the most creep- 
resistant structures are those obtained 
following creep at the highest stresses. 
At first glance, the data for the 2.1 
atomic per cent magnesium alloy, given 
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in Fig. 9, appear to be contradictory to 
the data for the remaining alloys insofar 
as the highest stress yields the highest 
values of S” and thus gives the least 
creep-resistant structure. This apparent 
anomaly, however, might be rationalized 
by the following observations: First, the 
initial straining upon application of the 
stress appears to cause a greater increase 
in S” for the 2.1 atomic per cent mag- 
nesium alloy than for the high-purity 
aluminum. And secondly, the decrease in 


structure. Quantitatively, however, there 
are significant differences: The increase 
in S” for the 2.1 atomic per cent mag- 
nesium alloy upon initial straining is 
much greater than that for high-purity 
aluminum; and the decrease in S” for 
the 2.1 atomic per cent magnesium alloy 
with creep straining is much less than 
that for the high-purity aluminum. The 
remaining aluminum-copper alloy ap- 
pears to fall into an intermediate cate- 
gory between those for high-purity 
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Fic. 10.—Effect of Change in Stress on Subsequent Rate of Creep for High-Purity Aluminum. 


S” with creep straining is much less than 
that observed for high-purity aluminum. 
Consequently S” is found to be greater 
for high stresses over the entire range of 
strains that were investigated for the 2.1 
atomic per cent magnesium alloy. 

The rationalization of the S”-e data 
given in the preceding paragraph sug- 
gests that the creep behavior of the 
various alpha solid solutions of aluminum 
are qualitatively similar: Initial strain- 
ing results in an increase in S” and there- 
fore introduces a less creep-resistant 
structure; creep straining over the 
primary stage causes S” to decrease and 
thus introduces a more creep-resistant 


aluminum and the 2.1 atomic per cent 
magnesium alloy. 

Special experiments recorded in Figs. 
10 and 11 were conducted to provide 
additional checks on the above-quoted 
deductions on the effect of initial strain- 
ing and creep straining on the structure- 
sensitive parameter S”. As shown in 
Fig. 10 the Z-e curve for pure aluminum 
under 2000 psi is given by DEF; the 
curve OABC was obtained by creep 
straining to 16 per cent total strain at 
4000 psi and then reducing the stress to 
2000 psi. Inasmuch as no pronounced 
transients were observed upon decrease 
in the stress, the structure at A and B 
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must be presumed to be the same. And 
since Zz is less than Zz while the stresses 
are identical at B and E, precreep of 
pure aluminum to 16 per cent strain at 
4000 psi provides a more creep-resistant 
structure than precreep to the same 
strain at 2000 psi. The Z-e curve D’E’F’ 
was that obtained wpon stressing ex- 
clusively at 4000 psi, whereas curve 
0'A'B’C’ was obtained by precreeping 
to 16 per cent total strain at 2000 psi 
and then abruptly changing the stress to 
4000 psi. If the change in Z upon going 
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More conclusive evidence for this 
explanation is given by the data re- 
corded in Fig. 11 for the 2.1 atomic per 
cent magnesium alloy. From the 5S” 
versus € curves of Fig. 9 it was suggested 
that the increase in S” upon initial 
straining of the 2.1 atomic per cent 
magnesium was much greater than that 
for the high-purity aluminum. Conse- 
quently, it might be presumed that this 
effect is also great upon increasing the 
stress following a precreep history at 
some lower stress. The Z-e curve DEF 


€ , True Creep Strain 
nesium in Aluminum Alloy. 


from A’ to B’ were exclusively due to the 
imposed change in stress, log Za — 
log Za, should have been equal to log 
Zs — log Zs; but log Ze’ — log Za’ 
was slightly greater than log Z4 — log 
Ze despite the identity of the stress 
changes involved. Consequently, in har- 
mony with the deductions based on 
the intersecting S”-e curves of Fig. 7, 
it must be concluded that the instan- 
taneous strain obtained upon increasing 
the stress from 2000 to 4000 psi intro- 
duces a slightly less creep-resistant 
structure. 


Fic. 11.—Effect of Change in Stress on Subsequent Rate of Creep for 2.1 Atomic per cent Mag- 
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was obtained by creeping exclusively at 
6000 psi, whereas the curve OABC was 
obtained by creeping 25 per cent at 
15,000 psi and then abruptly decreasing 
the stress to 6000 psi. Since Zz is above 
Ze in spite of the identity of stress, the 
precreeping at 15,000 psi leads to a less 
creep-resistant structure than precreep- 
ing at 6000 psi. Again the difference log 
Z4 — log Zz is attributable exclusively 
to the change in stress. Curve D’E’F’ 
was obtained upon creep exclusively at 
15,000 psi, whereas curve O’A’B’C’ was 
obtained by precreeping to 25 per cent 
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at 6000 psi and then changing the stress 
abruptly to 15,000 psi. If no change in 
structure had occurred upon increasing 
the stress, log Zs, — log Z4- should have 
equalled log Zs — log Zs; since log 
Ze — log Za is much greater than 
log Ze — log Zz, it is necessary to con- 
clude that the instantaneous straining 
upon increase in the stress led to a much 
less creep-resistant structure. 

Two causes for the failure of a me- 
chanical equation of state for creep at 
high temperatures and high stresses are 
now apparent: the structure changes 
upon initial creep straining in such a way 
as to produce a less creep-resistant ma- 
terial. And during creep a more creep- 
resistant structure is produced. Thus 
dissimilar structures are obtained by 
different stress histories. After extensive 
creep at a new stress, however, as shown 
by the data of Figs. 10 and 11, the 
structure approaches a_ steady-state 
value that is dictated by the new stress. 


CREEP UNDER Low STRESSES 


Two factors suggest the creep law for 
metals might undertake a more simpli- 
fied form at sufficiently low stresses. As 
the applied stress is reduced, the initial 
plastic straining becomes less and finally 
vanishes at some yet finite value of the 
stress. In this range, then, the initial 
structure immediately following stress- 
ing should be that for the annealed state. 
Furthermore, as shown in Figs. 3 to 5, 
the change in structure upon continued 
creep straining is less for creep at lower 
values of the stress. Under appropriate 
limiting conditions, it is possible that the 
structure-sensitive parameters of the 
creep laws are substantially constant 
throughout the course of creep. Under 
such limiting conditions creep should 
obey a mechanical equation of state. 

Previous investigations (9) have shown 
that for such low stresses where the 
initial plastic strain is zero, the initial 


- 


creep rate is correlated with the stress 
by the relationship 


If a mechanical equation of state were 
valid, S’ and ” would have to be con- 
stant independent of any preceding 
creep history. 

In order to check the validity of these 
precepts, the tests recorded in Figs. 12 
and 13 were undertaken. These data 
reveal that the creep curve at constant 
low stresses (shown by the solid lines) 
are somewhat dissimilar from the curves 
obtained at higher stresses. In all of the 
cases reported here, the initial plastic 
strain obtained during stressing was 
zero. Immediately upon stressing, a 
small finite cree) rate was obtained, the 
magnitude of which increased with in- 
creasing stress. But thereafter, instead of 
exhibiting the usual primary stage of 
decreasing creep rates, the creep rate 
increased, rapidly acquired a maximum 
value, and then decreased quite slowly 
as creep continued, somewhat suggestive 
of the usual primary stage of creep. The 
rate of decrease of creep rate with strain 
was less for the lower stresses and, for 
the range of stresses investigated here, 
never exceeded a factor of one-half. As 
shown in Fig. 14, neglecting the initial 
transient phase of creep, 


Sign 


where S’ and m are practically inde- 
pendent of the creep strain. Thus, as 
shown in Fig. 15, S’ is practically con- 
stant over the entire range of strains 
for creep at low stresses if the initial 
transient creep is excluded from the 
correlation. Within these limitations, 
therefore, creep at low stresses obeys a 
mechanical equation of state. 

In order to uncover additional infor- 
mation on the phenomenon of creep at 
low stresses, an abrupt change in stress 
was introduced as shown by the broken 
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Fic. 16.—X-Ray Photograms of 2.1 Atomic per cent Magnesium in Aluminum Alloy Deformed in 
Creep at Various Constant Stresses. 
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curves of Figs. 12 and 13. Such changes 
in stress again introduced transients: if 
the stress were increased the initial rate 
was less than the maximum rate for the 
new stress but soon acquired about the 
same steady-state value obtained upon 
creeping exclusively at the higher stress; 
if the stress were reduced, the initial 
creep rate following the reduction in 
stress was greater than the maximum 
rate appropriate for creeping exclusively 
at the reduced stress, but following a 
short interval the creep rate finally re- 
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Fic. 18.—Atmospheric Tensile True Stress- 
True Strain Curves of 2.1 Atomic per cent Mag- 
nesium in Aluminum Alloy After Creep at Var- 
ious Stresses. 


duced to that which was obtained by 
creep exclusively at the lower stresses. 
These observations reveal that Eq 6 
accurately represents the steady-state 
creep phenomenon independent of pre- 
vious low-stress history; but a_ brief 
transient condition is introduced at each 
change of stress. Occasionally the creep 
rates during such transients differ by a 
factor of five from the steady-state 
values. And since the transients often 
persist for strains as large as 2 per cent, 
unqualified application of the mechanical 
equation of state to creep at low stresses 
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CREEP AND SUBGRAIN STRUCTURE 


Extensive investigations have been 
conducted by Wood and his colleagues 
(10) as well as others (2, 11, 12) on the 
changes in subgrain structure with creep. 
These investigations have shown that 
the original grains exhibit deformation 
banding in the initial phases of creep 
and that finally small polygonized sub- 
grains are produced. The authors of this 
report have previously shown (2) that 
the observable substructure is a function 


of te (rT) for a given stress in har- 
mony with the creep strain relationship 
given by Eq 1. Thus the same sub- 
structure was obtained at the same 
values of strain independent of the test 
temperature for creep at a given stress. 
Higher stresses caused greater deforma- 
tion banding in the early stages of creep 
and resulted in finer polygonized sub- 
grains during the secondary stage of 
creep. These observations of the paral- 
lelism between the structure and creep 
properties suggested at one time that the 
changes in creep properties during 
primary creep was a result of these ob- 
servable structural changes. But subse- 
quently it was found that cold work 
improved the creep resistance although 
in this case less complete polygonization 
was observed (13). Thus it was deduced 
that if the structures revealed by fine 
pinhole back-reflection Debye-Scherrer 
X-ray patterns had an influence on the 
creep properties, other yet unrevealed 
factors must also play an important role. 
Such hidden factors might well have 
been specific patterns of dislocations. 
Additional attempts were made in the 
present investigation to clarify the issues 
surrounding the correlation of structure 
as revealed by Debye-Scherrer photo- 
grams with properties. As shown in Fig. 
16, the structures produced at higher 
stresses within the low-stress range 
result in greater polygonization and 
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disorientation of the polygonized sub- 
grains than those produced at about the 
same strains for the lower stresses, in 
spite of the identity of the structure- 
sensitive parameter S’ for creep. Fur- 
thermore, as shown by the Debye- 
Scherrer back-reflection photograms of 
Fig. 17, a substantial change takes place 
in the structure during creep at one 
stress during which the creep rate and 
S’ are substantially constant. Both of 
these observations refute any correla- 
tion between the degree of polygoniza- 
tion and the extent of disorientation 
among the polygonized subgrains and the 
high-temperature creep characteristics of 
metals. As shown by the data of Fig. 18, 
however, the extent of polygonization 
during creep is correlatable with the 
atmospheric temperature tensile proper- 
ties. 


_CONCLUSIONS 


1. Structural changes during initial 
plastic straining upon application of a 
stress decrease the creep resistance. This 
effect is small for high-purity aluminum 
but was quite pronounced for an alu- 
minum alpha solid solution containing 
2.1 atomic per cent magnesium. 

2. Changes attending primary creep 
lead to higher creep-resistant structures. 
These effects increase with increasing 
stress and they are greater for high- 
purity aluminum than for an alpha solid- 
solution aluminum alloy containing 2.1 
atomic per cent magnesium. 

3. The structural changes attending 
creep at high stresses greatly influence 
the creep resistance of metals. At low 
stresses, however, the structural changes _ 
important to creep resistance are minor. — 
To a first approximation, high-tempera- 
ture creep at low stresses obeys a 
mechanical equation of state. Complete 
validity of a mechanical equation of 
state, however, is not achieved due to 
transients which result whenever the 
stress is changed. 
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4. The polygonization attending creep, 
as revealed by Debye-Scherrer X-ray 
back-reflection photograms does not 
correlate with the creep properties. They 
do, however, correlate with atmospheric 
temperature tensile properties. 
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Mr. Ray W. Guarp! (by letter) —The 
results presented by the authors show 
again the complexity of the creep be- 
havior of relatively simple materials. 
The creep behavior at large strains 
(e > 0.05) is now well documented and 
for this test region only one comment 
seems pertinent. Microexamination of 
many creep specimens of high-purity 
aluminum (99.995 per cent aluminum) 
failed to show any voids or micro-cracks 
even after the creep was well into the 
“tertiary” stage. There remains the 
possibility for this material that the in- 
crease in rate is the result of some struc- 


tural change which has its origin much 
earlier in the creep test. This hypothesis 
would suggest that the stress- and tem- 
perature-history effects arise because 


the instantaneous stress, strain, and 
temperature determine the rate of change 
of properties rather than the properties 
themselves. 

The observations of transients in low 
stress tests where a change in stress is 
made is interesting. Their presence would 
seem to contradict the authors’ conclu- 
sion that structural changes are of minor 
importance at low stresses. On the con- 
trary, the data show that creep at a 
particular stress gives a structure which 
is less resistant to creep at lower stresses 
and more resistant to creep at higher 
Stresses than specimens run at constant 
stress. If one uses the data of the authors’ 
Fig. 12 to calculate the stress dependence 


' Alloy Studies Research, General Electric 
Co., Research Laboratory, Schenectady, N. Y. 


using the method of reference (8),” a 
relation of the type of Eq 6 is found 
except that m is 2.65 rather than 3.54 as 
found using initial rates. In view of the 
early transient behavior this would 
seem to be a more correct procedure. 

The conclusions on the relation be- 
tween creep and subgrain structure suf- 
fer from the insensitivity of the X-ray 
method used. While the grosser aspects 
of the “polygonized” structure may not 
correlate with creep behavior, it remains 
plausible that fine details of structure 
are still important in determining the 
creep behavior. This hypothesis also 
seems to be in agreement with the pre- 
vious comments in that: 

1. The fine details would be expected 
to be much more sensitive to test condi- 
tions. Changes in fine structure could 
then account for the observed transient 
behavior on stress changes. 

2. The presence of a real increase in 
creep rate (‘‘tertiary” creep) can be re- 
lated to changes in fine details within a 
polygonized structure. 

3. The observed rate increase initially 
in low stress tests is more likely to be 
connected with events on a small scale 
than with gross features of the structure. 

One aspect of the deformation be- 
havior which was not mentioned is the 
effect of boundary migration. Did the 
authors examine specimens internally 
metallographically after creep for evi- 


2 The boldface numbers in parentheses refer 
to the list of references appended to the paper, 
see p. 804. 
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dence of such boundary motion (that is, 
increase in grain size, crooked boundaries, 
etc.)? 

Messrs. O. D. Suersy, T. A. Tro- 
ZERA, AND J. E. Dorn (authors’ closure). 
—The authors sincerely appreciate the 
documentation of this paper by the sup- 
plementary comments and discussions 
by Mr. Guard. They are tempted to 
agree with Mr. Guard that considerable 
weight must be given to his suggestion 
that the initiation of tertiary creep might 
have its origin as a result of processes 
that occur throughout the primary and 
secondary stages of creep. Up to the 
present, however, no analysis can be 
given as to how the contribution of the 
tertiary process to the observed primary 
and secondary creep rates might be esti- 
mated. In any event, it appears that Eq. 
1 is reasonably valid over the entire range 
of high-temperature creep curves, sug- 
gesting that the tertiary process is de- 
pendent on the previous creep history. 
Mr. Guard’s negative evidence expressed 
in his failure to observe voids or micro- 
cracks, however, cannot be extrapolated 
to a generalization regarding the active 
mechanism for the initiation of tertiary 
creep. 

Using the same prima facia experimen- 
tal evidence, Mr. Guard arrives at a 
distinctly different interpretation of the 
data from that presented by the authors, 
Mr. Guard carefully pointed out that the 
value of » of Eq. 6 deduced from the 
data of Fig. 12 using the instantaneous 
creep rates just before and just following 
a change in stress is 2.65. He contends 
that this value should have been used in 
documenting Fig. 15, whereupon, by 
this analysis, S’ would have had higher 
values for the higher stresses, proving 
that a mechanical equation of state is 
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not even approximated for creep at low 
stresses. In contrast, the authors con- 
tend that the instantaneous rates fol- 
lowing a change in stress are representa- 
tive of a transient condition in these low 
stress tests and therefore the steady 
state values should be employed in these 
cases. The basis of the authors conten- 
tion lies in the observations recorded in 
reference (9) that ” is about equal to 
3.54 when the initial creep rates immedi- 
ately following stressing are employed, 
coupled with the fact that m is also 3.54 
when the steady state values are used as 
shown by the correlations given in Fig. 
15 of this paper. Obviously the structures 
are the same immediately upon stressing 
in the low stress range since the initial 
strain is zero. Since the same value of 
n = 3.54 also applies to the steady state 
condition regardless of previous strain 
history, the structure must not have been 
modified. This then suggested that the 
differences between the initial creep rate 
upon increase or decrease of stress and 
the subsequent steady state creep rate 
was due to some transient phenomenon, 
and not to a fundamental structural 
change. Upon careful review of the facts 
the authors continue to believe that the 
evidence favors their interpretation of 
these data. 

The authors agree with Mr. Guard’s 
suggestion that the fine substructure 
may prove to be a key to the understand- 
ing of the effects of structural changes 
attending creep on the creep rate. Un- 
fortunately no unambiguous investiga- 
tions have thus far been made on this 
subject. No metallographic studies were 
made in this investigation on grain 
boundary shearing or grain boundary 
migration. 
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In the fabrication of flat springs, con- 
tacts, clips, and small structural mem- 
bers from strip, bending properties pro- 
vide a convenient means of evaluating 
formability. Safe forming radii can be 
determined by cold-forming strip speci- 
mens to a 90-deg bend with suitable 
tooling. This test procedure is not only 
rapid but also provides a direct measure 
of forming characteristics. 

Bend tests on copper products utiliz- 
ing a punch-and-die arrangement have 
been described elsewhere (1, 2, 3).2 The 
results obtained have proven extremely 
valuable in problems of design and tem- 
per selection. In the present investiga- 
tion, the test procedure has been modi- 
fied so that specimens were bent around 
a radius block by means of a forming 
head. Experience indicates that the 
values obtained from both methods 
provide useful data relating to bending 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

‘Chief Engineer, and Chief Metallurgist, 
respectively, Penn Precision Products, Inc., 
Reading, Pa. 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 822. 


FACTORS AFFECTING THE FORMING PROPERTIES OF SEVERAL 
COPPER ALLOYS IN STRIP FORM* 


By Joun T. RIcHARDS AND ELLSwortH M. Smita! 
SYNOPSIS 


Bend, tension, and hardness tests were performed on beryllium copper, 
phosphor bronze, brass, nickel-silver, and gilding strip to determine rela- 
tive forming characteristics. Formability is expressed as the minimum safe 
radius for cold forming a 90-deg bend. The effects of composition, temper, 
thickness, grain size, and grain direction are considered. This investigation 
supplements earlier work on the forming properties of spring materials. 


resulting from punch press or multislide 
work. Gohn (4) has also recently shown 
that brake-forming characteristics com- 
pare favorably with those observed in a 
punch-and-die setup. 

As a means of expanding these earlier 
investigations, considerable attention has 
been directed toward controlling raw 
material variables through the use of 
selected lots of strip. Consequently, the 
material factor becomes constant so that 
other variables may be critically exam- 
ined. The effects of temper, strip thick- 
ness, grain direction, and grain size upon 
bending and tensile properties for given 
chemical compositions are presented. — 
This study represents a continuation of © 
an earlier one limited to beryllium cop- 
per (3). oe 


The materials investigated included: © 
beryllium copper (alloys 25, 165, and 
10), phosphor bronze (grades A, C and — 
D), nickel silver (12 and 18 per cent > 
spring alloys), gilding (95-5) and brass — 
(70-30). 

In order to hold the composition con-— 
stant, a single coil of base stock 0.090 in. - 


MATERIALS 
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thick was selected for each alloy. Lots A 
and B were then processed from these 
coils. In the case of lot A, strip was cold 
rolled to 0.050 in. thick, annealed or 
solution treated, then further rolled to 
produce tempers ranging from quarter 
hard to extra spring. Lot B was rolled 
from 0.090 in. to 0.032 in. and then 
strand annealed to produce grain sizes 
ranging from 0.005 mm to 0.070 mm. 
These coils of varying grain size were 


TABLE I. 


Beryllium Copper 


Phosphor Bronze 


RICHARDS AND SMITH 


The 90-deg bend test utilized a mode} 
I Di-Acro Bender. Sheared specimens 
> by 2 in. were removed from test strip 
0, 45, and 90 deg to the direction of 
rolling. Specimens were then bent around 
radius blocks and pins ranging from 
sharp (0 radius) up to approximately } 
in. Preliminary tests indicated good 
correlation with the punch-and-die setup 
previously employed (3). 

In this study, two end points were 


CHEMICAL COMPOSITION. 


Composition, per cent 


Nickel-Silver 


A 


12 | 18 
Cc D per cent per cent 


Beryllium. . . 
Cebalt....... 
Silicon. ..... 


trace 


Aluminum... 
Nickel 


trace 


Manganese..|_... 
Zinc. 0.00 0.01 0.01 
Copper | balance balance | balance 


trace 


then further reduced to give the required 
tempers. Lot C represents material taken 
from stock at random in order to provide 
comparative data on other lots and 
thicknesses. 

The composition of the base stock used 
for each alloy in producing lots A and B 
is given in Table I, while temper desig- 
nations and cold rolling schedules will be 
found in Table II. 


Test METHODS 


Tension, hardness, and cold-bend tests 
were employed. Average grain sizes were 
estimated by the comparison method. 
Tension tests were conducted on a 
10,000-Ib Olsen testing machine. 


4.45) 8.36 


0.17 


95.36 


trace | trace 0.10, 0.09 0.008 0.015 


| 
| 


12.30 
0.00 
0.008 


9.98 ... 
trace | trace | trace | trace 
0.22 
0.08) ... | 
trace | 30.12) 27.76 balance | balance 


89.92) 57.24) 54.20; 95.42 70.60 


0.08 
trace 
91.54 


TABLE II.—TEMPER 


DESIGNATIONS. 


Rolled Cold-Rolled 
B&S | Reduction 

Num- in 
| Thickness, 


bers 
Hard per cent 


Designation® Temper 


Soft 

Quarter Hard 
Half Hard 
Three Quarter 
Hard 


Hard 
Extra Hard > | 
Spring 
| Extra Spring 
“Suffix “T”’ indicates rolled to 
shown and age hardened 3 hr at 900 F. 


temper 


owe 

1 

1.92 | 1.72 | | ond | 
).28 0.28 2.45 
).09 0.12 0.04 
).07 0.10 0.05 
| 
j 0 0 
@ | 
> H 2 21 
3 | 29 
() 
9 


Temper 
A 4H XH S xs 
10 T T 900 
&9 
8 — 
6 
3 / 
A po deg 
3 
a 
2 o 
.@) 20 40 60 80 100 


Cold Rolled Reduction, percent 
Fic. 1.—Relative Formability of Phosphor 
Bronze Grade D Strip with Respect to Grain 
Direction. Lot A. 


Temper 
A dH3HH XH S XS 
4 
30000 
q 9 90 deg 
120 000 45 deg 
O deg 
110 
2 100000 } — 
Uf 
> 
c 
£ 90000}— 
80000 
o 
70000 
60000 
} 
50000 4 
1@) 2 40 60 80 100 
Cold Rolled Reduction, per cent 
Fic. 2.—Effect of Grain Direction upon the 


Tensile Strength of Phosphor Bronze Grade C 
Strip. Lot A, 
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used to evaluate forming characteristics: 
(1) the minimum punch radius without 
cracking, and (2) the minimum punch 
radius without orange peel. A specimen 
of reduced formability will crack when 
formed over the sharp radius. This 
tendency decreases as the punch radius 
is increased until only orange peel can be 
observed. Further increases in punch 
radius will lessen the tendency to pro- 


Temper 
A 2H H XH S XS 
110000 
0.005 mm 
mm 
100 000 0035mm ~ 
90000 
a 
80000 — 
; 
2 70000 
/ 
2 
60 000 
/ 
4 
50000 4+ 
40000 
re) 20 40 60 80 100 


Cold Rolled Reduction, per cent 


Fic. 3.—Influence of Grain Size upon Longi- 
tudinal (0 deg) Tensile Strength of Phosphor 
Bronze Grade A Strip. Lot B. 


duce orange peel. Following bending, 
specimens were inspected macroscop- 
ically at a magnification of 7 X. 
Test DaTA 
— 
Table III includes bend test, hardness, 
tensile and ductility data for various 
tempers, thicknesses, grain sizes and 
angles with rolling direction. Reported 
values are the averages of three to six 
tests. 
Figure 1 illustrates the effects of grain 
direction and cold-rolled reduction upon 
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Forming 90-deg bends in strip 0.010 to 0.050 in. thick 
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TABLE IV.—FORMABILITY OF SEVERAL COPPER ALLOYS IN STRIP FOR M. 
grade C 


loy 25 
loy 165 


Phosphor 


loy 10 


Beryllium copper al- 
Beryllium copper al- | 
Nickel-silver 12 per 


Phosphor 
grade A 

Phosphor 
grade D 


Beryllium copper al- 
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wag 
34 H 0.3 1 0.8 
By H 0.5 1 0.2 2.0 
Bair XH 1.2 2 2.0 4.0 
Be s 1.6 3 3.2 5.5 
ae 7 xs 2.2 4 ( 4.0 7.9 
ah I 0.1 0.8 1.3 0.1 1.3 
a 0.4 1.4 1.8 0.6 1.8 
ge 1.0 1.6 2.4 1.3 2.4 
Brot: 1.2 2.5 4.3 2.5 4.3 
1.5 4.0 7.0 3.6 7.0 
2.5 4.9 9.8 9.8 
| lo H 0.3 0.3 0.3 
| i | 1.3 2.0 1.3 s 
XH | 2.5 2.5 2.5 Ss 0.8 
Br | s | 3.0 4.0 5.0 s | 1.0 2.5 
i 
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TABLE IV.—Concluded. 


Ratio, Punch Radius to Stock Thickness? 


Without Orange Peel 


Without Cracking 


0 deg 


45 deg 


90 deg 0 deg 45 deg 90 deg 


Nickel-silver 18 per 
cent 


Gilding 95-5 


Brass 70-30 


RN 


RP 


“ Strip under 0.010 in.—use 50 to 75 per cent of above ratios. 


= sharp. 


the formability of phosphor bronze 
grade D strip. Relative formability is 
expressed as the ratio of punch radius to 
stock thickness. Therefore, a value of 
2 means that the minimum safe punch 
radius for forming a 90-deg bend with- 
out producing orange peel would be twice 
the stock thickness. 

The influences of grain direction, grain 
size, and cold reduction upon tensile 
strength are shown in Figs. 2 and 3. 


DISCUSSION OF DATA > 
Formability: 


As indicated in Table III, the softer 
tempers in thicknesses up to 0.050 in. 
can be cold formed to a 90-deg bend 
around a sharp radius without cracking 
or exhibiting orange peel. In the inter- 


mediate tempers, moderate radii were 
required to produce satisfactory bends; 
however, there was little indication of 
directionality. With a further increase in 
cold-rolled reductions, a pronounced di- 
rectionality was evident in most of the 
materials. With the exception of nickel- 
silver, which exhibited non-uniform di- 
rectionality, the forming characteristics 
in the transverse or 90-deg direction 
were substantially reduced compared 
with those observed in the longitudinal 
direction. 

Some evidence of directionality can 
also be observed in the tensile results, 
although once again nickel-silver 
alloys show a different pattern. Other 
investigators (5), in studying the tensile 
properties of nickel-silver strip, 


have 


an 
th fee Temper | | 
: ‘ 
; 
34H 0.6 0.2 0.3 Ss 
H 0.9 0.6 0.8 | 0.2 
1.3 3.9 4.0 2.6 
Xs 1.5 3.0 5.5 3.0 Ar 
34 H 0.1 | O.1 0.1 
H 0.2 | €.3 0.3 
XH 0.8 0.8 0.8 ie hee 
Xs 1.8 2.5 3.1 
14H Ss 
34 H 0.1 0.4 0.6 
H 0.7 1.3 1.6 - 
XH 0.8 1.4 2.5 . 
S 1.0 12 27 1.0 ve 
Xs 1.4 1.4 : 
is 
sing 
is 
at 
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820 RicHarps 
found directional characteristics differ- 
ing from those obtained in other copper- 
base products. Gilding metal, in addition 
to being the softest material tested, ex- 
hibited the least degree of work harden- 
ing and directionality. 
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that various sizes reported should prove 
typical for commercial strip. 

Table V affords a comparison between 
the present investigation and similar 
studies of the bending characteristics of 
the same materials. Unfortunately, these 


TABLE V.—RELATIVE FORMABILITY OF COPPER ALLOY STRIP COMPARED 
WITH EARLIER INVESTIGATIONS. 
Forming 90-deg bends in Strip 0.010 to 0.050 in. thick.“ 


Ratio, Punch Radius to Stock Thickness? 
Temper Present Investigation Earlier Investigation References 
0 deg 45 deg | 90 deg 0 deg 45 deg | 90 deg 
| | 
Beryllium copper alloy A Ss | | 3 
25 44H s | | 8 3 
16H | 0.5 0.7 | 3.0 | 3.5 | 4.0 3 
1.0 2.0 2.2 4.5 6.0 7.5 3 
Phosphor bronze grade | 6S s Ss S 1 
A H : 2 0.8 1.7 0.7 1.5 3.0 1 
XH 1.0 2.0 3.4 1.5 3.0 
s | 1.3 | 2.2 | 5.0 | 2.0 | 6.0 1 
Phosphor bronze grade %™H | S 0.1 | 0.5 s | 8 Ss 3 
Cc H ; 0.6 | 1.4 | 2.0 $86 i 24 3.0 1,2 
XH | 1.2 | 2.2 4.0 1.2 | 3.0 6.0 2 
Ss | 1.6 3.2 | 5.5 1.4 6.0 10.0 1,2 
XS 2.2 | 4.6 7.9 1.5 SoS | 8 | 1,32 
Nickel-silver 18 per 16H Ss Ss 1,2 
cent H 0.9 0.6 0.8 1.5 1.5 3.0 1,2 
XH | 1.2 1.4 2.5 3.0 5.0 1,2 
Brass 70-30 16H Ss s | 1,2 
5," 34 H 0.1 0.4 0.6 Ss | 1,2 
H 0.7 1.3 1.6 Ss 8s 0.7 1,32 
XH 0.8 1.4 2.5 1.0 2.0 5.0 | 
Ss 1.0 1.8 3.7 1.5 4.5 10.0 | 
XS 1.4 | 3.1 6.1 1.8 | 6.0 2 
} @ Strip under 0.010 in.—use 50 to 75 per cent of above ratios. 7 - 


Table IV summarizes the bending 
characteristics for material ranging from 
0.010 to 0.050 in. thick. In the case of 
thinner gages, slightly improved form- 
ing characteristics were observed, so 
that for strip under 0.010 in. thick values 
approximately 50 to 75 per cent of those 
given in the table can be safely employed. 
In calculating the formability ratios, ex- 
treme grain sizes have been excluded so 


earlier studies were not as complete with 
respect to temper, so that all of the tem- 
pers tested are not included in this com- 
parison. In the case of beryllium copper 
(alloy 25), the improved formability re- 
ported herein agrees with the higher 
elongations also observed. These changes 
are perhaps due to the gradual decrease 
in beryllium content over the past few 
years, which would reduce the matrix 


strength of the alloy. 
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Tensile Studies: 


The directionality previously noted in 
the bend tests was also apparent in the 
tensile data. Directionality was checked 
by testing specimens at 0, 45, and 90 
deg with respect to the rolling direction. 
No appreciable tensile directionality was 
observed in the low and moderate tem- 
pers, although directional effects were 


Temper - 
H H H XH 
95 000 2 

90000 
Yo / 

HS 

85000 7 


+ 80 000}— / 


3 
oO 
8 


Tensile Strength, psi 


65000 


55000 “ | 
ie) 10 20 30 40 50 


Cold Rolled Reduction, per cent 


Fic. 4.—Effect of Grain Size upon the 
Degree of Cold Rolling Required to Produce the 
Hard Temper (4 B&S Numbers Hard) in 70-30 
Brass. Lot B. 


60 000 


readily apparent in the higher tempers. 
This effect is illustrated in Fig. 2 and was 
rather pronounced for phosphor bronze, 
beryllium copper, and brass. In the case 
of nickel-silver and gilding, the direc- 
tional characteristics are not as clearly 
discernible. 

The influence of grain size is demon- 
strated in Fig. 4 for brass strip. The 
limiting tensile strengths for the hard 
temper (4 B&S Numbers Hard) are 
71,000 to 81,000 psi. In the case of 
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0.050-mm grain size, a reduction in 
thickness of approximately 35 per cent 
is required; however, for strip with a 
0.005-mm grain size, a cold reduction of 
only 11 per cent is needed. For inter- 
mediate grain sizes, cold reductions be- 
tween these two limits can be applied to 
meet the minimum tensile requirements 
for this temper, as shown in Fig. 4. 
The relative formability for the ma- 
terials tested for various levels of tensile 


120000 | 


100000 


60 000 


Tensile Strength, psi 


20000 


Ratio,Punch Radius/ Stock Thickness 


Fic. 5.—Relationship between Tensile 
Strength and Relative Formability of Several 
Copper Alloys in Strip Form for Longitudinal 
(0 deg) Specimens. Lot A. 


strength is illustrated in Fig. 5. There- 
fore, to meet a given formability require- 
ment, beryllium copper and nickel-silver 
provide a substantially higher level of 
strength than phosphor bronze or brass. 
The values for beryllium copper apply for 
the heat-treatable condition, so that fol- 
lowing precipitation hardening strengths 
approximately double those indicated 
would be realized. The relative forma- 
bility ratios are based upon the bending 
characteristics in any direction. 


SUMMARY AND CONCLUSIONS 


These tests have been conducted to 
correlate the forming epeanamninaas of 
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several copper alloys in strip form with 
tensile and hardness data. Minimum safe 
forming radii to produce a 90-deg bend 
were obtained by a direct method em- 
ploying horizontal bending around a 
radius block. The effects of temper, 
stock thickness, grain size, and grain 
direction were evaluated. In addition, 
the relative forming characteristics of 
these materials have been compared, so 
that where substitution of one alloy for 
another may be desired, forming charac- 
teristics for the new material can be 
readily estimated. 

The following conclusions can _ be 
drawn: 

1. Softer tempers can be bent sharp 
to a 90-deg angle without cracking or 
displaying orange peel. 


REFERENCES 


(1) W. A. Straw, M. D. Helfrick, and C. R. 
Fischrupp, “Forming Properties of Thin 
Sheets of Some Non-Ferrous Metals,” 
Transactions, Am. Inst. Mining and Metal- 
lurgical Engrs., Inst. Metals Div., pp. 
317-328 (1931). 

(2) G. R. Gohn, “The Forming Properties of 
Some Non-Ferrous Sheet Metals,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 36, 
Part II, pp. 207-221 (1936). 

(3) J. T. Richards and E. M. Smith, “The 

Forming Characteristics of Beryllium Cop- 


AND SMITH 


2. Harder tempers require increased 
radii for safe bending. 

3. Most of the materials tested dis- 
played directionality as evidenced by 
bend and tension tests, particularly in 
the harder tempers. E 

4. Strip having relatively fine grain 
structure offers the best combination of 
formability and tensile properties. 

5. Of the materials tested, beryllium 
copper offers the highest strength and 
hardness for a given level of formability 
—even prior to precipitation hardening. 

This investigation is part of a continu- 
ing program for the evaluation of the 
forming characteristics of spring ma- 
terials. Therefore, it is hoped that data 
on other alloys can be reported at a later 
date, and that some of the present anom- 
alous conditions can be clarified. 
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EFFECT OF IRRADIATION ON THE MECHANICAL PROPERTIES OF 
ZIRCONIUM* 


By R. S. Kemper, W. S. Ketty' 


Data are presented to show the effects of cold working and subsequent 
neutron irradiation on the tensile properties and hardness of arc-melted Bureau 
of Mines zirconium. Material in six initial states, annealed and with 10, 20, 
30, 40, and 50 per cent reduction of area by cold swaging, was irradiated at 
50 to 60 C (120 to 140 F) to integrated thermal flux levels of approximately 
5.7 10%, 1.5 107, and 2.4 X 107° nvt. The results of post-irradiation 
vacuum annealing at 250, 300, and 350 C (480, 575, and 660 F) of tension 
specimens are given. 

Increases in hardness and yield strength resulting from the irradiation 
were more pronounced in the annealed material and were progressively less 
at increasing levels of cold work. More uniform increases in ultimate strength 
and decreases in ductility were found. The radiation damage observed in the 
mechanical properties was essentially saturated at the exposure levels investi- 
gated. Slight annealing of radiation-induced increases in yield strength occurred 
in 100 hr at 250C (480 F), and approximately 70 per cent of the radiation 
damage was removed in 160 hr at 350 C (660 F). Recovery of the radiation 
damage in annealed, irradiated material was greater than recovery of strain 
hardening in 50 per cent cold-worked, unirradiated material for the same 
annealing conditions. 
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The over-all combination of the phys- must be the effects of the operating 
ical, mechanical, chemical, and nuclear environment upon these properties. It 
properties of zirconium metal and would be desirable from the standpoint 


certain zirconium alloys has made their of neutron economy and material cost to 
use as reactor-core structural materials ytilize the work-hardening character- 


attractive. One of the prime consider- j4:., of zirconium. A number of in- 


ations in the evaluation of the material | estigations have been conducted to 
and the design of structural components 
determine the change in density,?: * elec- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 2 R. G. Wheeler, HW-31132, Mar. 12, 1954 


1 Engineers, Metallurgy Research Sub- (SECRET). 
Section, Hanford Atomic Products Operation, 3D. O. Leeser, ANL-4792, Nov. 1953, p. 51. 
General Electric Co., Richland, Wash. (SECRET). 
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trical resistivity, *” impact strength,* 
hardness,” 5 67.8 tensile properties,?: 
6.10 fatigue strength,? and creep rate"! 
of zirconium or zirconium alloys due to 
neutron bombardment. The major por- 
tion of these studies was made using 
crystal bar zirconium or zirconium alloys, 
and no data other than electrical re- 
sistivity, hardness, and density have been 
reported for material cold-worked prior 
to irradiation. Limited data are avail- 
able from which the influence of irradi- 
ation temperature may be determined. 
Hardness changes resulting from post- 
irradiation annealing have been de- 
termined and an excellent study of the 
recovery of radiation damage in annealed 
and cold-worked crystal bar zirconium 
has been reported by Bleiberg and 


TABLE I.—ANALYSES OF INGOT. 
SPECTROGRAPHIC ANALYSIS, PPM 


Al 30 Pb 50 Fe 300 V 20 

Sb 10 Mg 20 Mn 10 Mol10 — 

Bi 1 Zn 50 Ni 5 Cd 1 

Sn 13 Cr 5 Si 20 

Cu 50 Co 10 Ti 50 Hf 8i 
CHEMICAL ANALYSIS, PPM 

Nez 40 C 80 021070 Fe400 


Castleman’ using electrical resistivity 
measurements. 

This investigation was made to de- 
termine: (1) the effects of neutron ir- 
radiation on the tensile properties and 
hardness of zirconium produced by the 
Kroll process, and (2) the influence of 


4M. L. Bleiberg, R. L. Ely. Jr., and W. F. 
Witzig, “Correlation of Zirconium Electrical 
Resistivity with Fast Flux,’’ WAPD-77, May 20, 
1953 (DECLASSIFIED). 

5M. L. Bleiberg and L. S. Castleman, 
WAPD-78, Mar. 17, 1953 (CONFIDENTIAL). 

6J. D. Eichenberg and L. S. Castleman, 
WAPD-90, Nov. 5, 1953 (SECRET). 

7™M. L. Bleiberg and L. S. Castleman, 
WAPD-107, Apr. 23, 1954 (CONFIDENTIAL). 

8M. L. Bleiberg, WAPD-MDM-10, May 19, 
1954 (SECRET). 

9J. J. Cadwell, 
(SECRET). 

10D. O. Leeser, ‘‘Evaluating Basic Materials 
for Nuclear-Fueled Power Plants,’”’ Mechanical 
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various degrees of prior cold work on the 
extent of radiation damage. Post-ir- 
radiation annealing for extended periods 


“of time was done to estimate the effect 


of temperature during exposure and to 
determine whether there are gross dif- 
ferences between recovery rates for cold 
work and radiation damage or a combi- 
nation of cold work and radiation damage. 


MATERIAL 


The material used was prepared from 
one arc-melted ingot of Bureau of Mines 
zirconium. The chemical and spectro- 
graphic analyses of this ingot are given 
in Table I. 

The material was fabricated into }-in. 
diameter rods at the Bureau of Mines, 
Albany, Ore., according to the fol- 
lowing schedule. The ingot was hot 
forged and rolled to a rod approximately 
1 in. in diameter at 800 C (1472 F). 
This rod was machined to remove sur- 
face imperfections and cold-swaged to 


_0.710-in. diameter. It was then cut into 


six 18-in. lengths. Five of these lengths 
were hot swaged at 700 C (1292 F) to 
0.640, 0.600, 0.560, 0.525, and 0.500 in. 
in diameter, respectively. All six rods 
were then annealed 15 min. at 700 C 
(1292 F). Five of the rods were cold 
swaged to }3-in. diameter resulting in 
material with 9.1, 20.1, 30.6, 39.1, and 
50.4 per cent cold reduction. 


SPECIMEN AND [IRRADIATION DETAILS 


The tension specimens employed were 
standard ASTM j-in. diameter,” 1-in. 
gage length specimens, and the wafers 
used for hardness and metallographic 
studies were z-in. diameter, }-in. thick 
cylinders. One wafer and one specimen 
were placed in each of three holes of a 
2S aluminum container under an atmos- 
phere of helium and the cap was tightly 
seated. The caps were later heli-arc 


2 Tentative Methods of Tension Testing of 
Metallic Materials (E 8-54 T), 1955 Book of 
ASTM Standards, Part I, p. 1551. oer 
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welded with the lower part of the con- 
tainer immersed in a dry-ice water bath 
to avoid heating the specimens. 

Two tension specimens and two wafers 
from each cold-work level were charged 
at each of three exposures for a total 
irradiation of 36 tension specimens and 
36 wafers. 

The irradiations were carried out in 
three separate water-cooled, central zone, 
process channels of a Hanford reactor. 
The charging pattern was identical for the 
three exposures with the four specimen 
containers centered front to rear with 
normal fuel pieces and spaced with one 
fuel piece between each container. The 
exposures reported were obtained from 
the average heat generation of the 


TABLE II.—POLISH-ETCH SOLUTIONS 
FOR ZIRCONIUM.* 


Solution A 45 ml C;H;(OH)s 

45 ml HNO; (Conc.) 
8-10 ml HF (48 per cent) 

45 ml 

45 ml HNO; (Conc.) 
8-10 ml HF (48 per cent) 


Solution B 


*J. M. Cain, Jr., ‘“‘A Simplified Procedure 
for Metallography of Zirconium and Hafnium 
and Their Alloys,” Zirconium and 
Zirconium Alloys, Am. Soc. Metals, pp. 176-185. 


surrounding fuel channels and an as- 
sumed cosine flux distribution along the 
tube. 

Heat generation and heat transfer 
calculations that were made for the 
assembly predicted a maximum speci- 
men temperature of 50 to 60 C (120 to 


140 F) during exposure. 


Rockwell hardness readings were 
taken on one side of each wafer before 
canning. The opposite side of each 
wafer was prepared for metallographic 
examination by polishing through No. 
000 emery paper. One of the chemical 
polish-etch solutions given in Table II 


PROCEDURE 


3W. H. Clark, HW-33891, Nov. 24, 1954 
(SECRET). 
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was then used and representative areas 
were photographed at 250 X. This 
structure could be seen in most cases 
after exposure, but scratches and 
foreign material on the surface picked 
up during remote handling made it 
necessary to repolish the specimens. 
This was accomplished by lapping on a 
rotary wheel with 600 mesh grit cloth. 
The surface was swabbed with the 
polish-etch solution after lapping and the 
structure examined. 

The hardness of the irradiated samples 
was determined on a remotely-operated 
Rockwell hardness testing machine. 
Several readings were taken on each 
wafer adjacent to the pre-irradiation 
indents. 

The tensile properties were determined 
for the control material using a Baldwin 
60,000-lb testing machine. Stress-strain 
curves were obtained employing a 1-in. 
gage length microformer-type exten- 
someter and a Baldwin stress-strain re- 
corder. Tests on the irradiated material 
were conducted on a_ lead-shielded 
Tinius-Olsen 60,000-lb testing machine. 
A microformer-type extensometer was 
remotely attached to the specimen, and 
the stress-strain curve was obtained in 
the normal manner on a Tinius-Olsen 
recorder. Strain was recorded to ap- 
proximately 0.100 in per in., which in 
some cases provided a complete curve to 
fracture and for all the specimens pro- 
vided data to the end of uniform strain. 

The 1-in. gage length was marked on 
the specimens before testing with a gage 
point punch. After fracture, the lengths 
from the gage marks on each side of the 
specimen to points at the fracture for 
each specimen half were measured 
optically with a comparator. The total 
elongations reported were determined 
from these data. The reduction of area 
after fracture was determined by 
measuring several diameters at the 
fracture surface for each specimen-half. 
These measurements were also made 
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using the comparator which was cali- 
brated by measuring a micrometer 
standard. 

Annealing of the tensile samples was 
accomplished in an evacuated tube 
furnace situated inside a cell in the 
Radiometallurgy Laboratory. dy- 
namic vacuum of approximately 10~ 
mm of mercury was maintained during 
the annealing period. Six specimens were 


METALLOGRAPHIC EXAMINATION 


The microstructure of surfaces trans- 
verse to the rolling direction for the 36 
wafers included in the test was examined 
before and after exposure. The ex- 
aminations at 250 X did not reveal any 
changes due to the neutron irradiation or 
to thermal conditions existing during the 
exposure. The average grain diameter of 
the annealed material was approx- 
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Fic. 1.—Hardness Changes Resulting from Irradiation of Arc-Melted Bureau of Mines Zir- 


conium. 


Exposure Temperature—S0 to 60 C . 


placed within the center 4-in. of the 
furnace length and heated in one 
furnace loading. This central portion of 
the furnace was held within + 5 C of 
the desired temperature as indicated by 
a thermocouple located inside the evacu- 
ated tube. 


“WW. S. Kelly and R. E. Hueschen, HW- 
33944, Dec. 1, 1954 (SECRET). 


imately 0.02 mm. Examination of sec- 
tions parallel to the rolling direction for 
the higher levels of cold work revealed 
the normal elongated grain structure of 
highly cold-worked material. . id 


HARDNESS 


The hardness data obtained are shown 
in Fig. 1. At least four readings were 
taken on each wafer. The plotted values 
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are the average of these readings with the 
variation indicated by the size of the 
plotted points. The initial change in 
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the hardness is essentially independent 
of the prior cold work. 
These results agree, in general, with 


“ hardness was greatest in the annealed hardness data for other types of zir- 
ong material and was progressively less for conium’ and zirconium alloys* exposed 
= increasing levels of prior cold work. This at approximately the same temperature, 
nd hardness change in the annealed material although the magnitude of the radiation 
a was as large as that produced by cold hardening in both the annealed and 
of 
IX- 
100000 S50Opercent / 
Cold Work 5.7 x 10!9avt. / 
50 per cent 
Cold Work Control 
80000} 7 
/ 
/ 
/ 
/ 
e000 
/ 
Annealed - 5.7 X 10'9nvt 
/ 
= 40000} 
c 
fs Annealed Control 
/ 
/ 
20000} 
Yield Strength Offset 
/ 
/ 
/ 
.] 0.002 0.004 0.006 0.008 0.010 
. Unit Strain, in. per in. 
Fic. 2.—Typical Initial Portion of Stress-Strain Curves Illustrating the momene § in Yield ield Stress. 
Caused by Cold Work and Irradiation. 
Strain rate 0.001 in. per in. per min. 
>C- working the material to 50 per cent re- cold-worked specimens is greater than 
or duction of area. The hardness after the that reported for crystal bar zirconium at 
ed second e:.posure was essentially the same saturation.’ 
of as after the initial exposure, but defi- 
nitely increased again at all levels of cold TENSILE PROPERTIES 
work, after the longest irradiation. The 
data for samples irradiated to 2.4 X Typical stress-strain curves for control 
vn 10° nvt indicate that the radiation- and irradiated specimens are shown in 
ore hardening approaches a saturation level Fig. 2. The increase in yield stress re- 
1es for this exposure temperature at which _ sulting from cold work or strain harden- 
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ing is illustrated as well as the increase 
due to radiation-hardening. No changes 
were observed in the modulus of elas- 
ticity over the error associated with its 
determination. Figures 3, 4, and 5 show 
the changes produced in the yield 
strength, tensile strength, and ductility 
at each level of cold work for the three 
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fast neutron radiation on the mechanical 
properties of metals has been presented 
by Dienes.'® The major result is a dis- 
placement effect in which atoms are 
knocked out of their normal lattice 
positions leaving vacant lattice sites and 
coming to rest in interstitial positions. 
The interaction of the interstitial atoms, 


Melted Bureau of Mines Zirconium. 


exposures. Duplicate samples were tested 
for the control material and after the 
first exposure. Excellent reproducibility 
was obtained in these tests, so at the 
higher exposures one specimen of each 
pair was used for post-irradiation an- 
nealing. 

a A detailed discussion of the effects of 


Prior Cold Work, Reduction of Area, per cent 
Fic. 3.—Effect of Irradiation and Post-Irradiation Annealing on the Yield Strength of Arc- 
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or groups of these atoms, with the stress 
field of dislocations in such a way as to 
impede the motion of dislocations is felt 
to be responsible for the hardening and 
the increase in the stress to produce 

1G. J. Dienes, “Effects of Nuclear Radia- 
tions on the Mechanical Properties of Solids,” 


Journal of Applied Physics, Vol. 24, No. 6, 
June, 1953, pp. 666-674. 
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plastic flow. Holden and Kunz’® have 
proposed that during room temperature 
irradiation, or in warming to room tem- 
perature after a low-temperature ir- 
radiation, the interstitials produced 
diffuse and agglomerate to form planar 
defects which are homologous with 
stacking faults. Moving a dislocation 
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The blocking of the movement of dis- 
locations by interstitials or faults be- 
comes less pronounced at high strain 
values where the mobility of dislocations 
is more affected by their interaction with 
other dislocations. Thus, the ultimate 
strength and total ductility are not 
appreciably altered by radiation. 


90000 


Melted Bureau of Mines Zirconium. 


Exposure Temperature, 50 to 60 C 


through such faults should be more 
dificult than moving it through a 
random arrangement of individual in- 
terstitials and vacancies, resulting in the 
magnitude of radiation-hardening and 
increase in flow stress that is observed. 


© A. N. Holden and F. W. Kunz, ‘“‘A Model 
for Radiation Damaged Ductile Metals,’’ KAPL- 
929, June 10, 1953 (DECLASSIFIED). 
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Prior Cold Work, Reduction of Area, percent 
Fic. 4.—Effect of Irradiation and Post-Irradiation Annealing on the Tensile a ge of Arc- 


The similarity between cold work or 
strain-hardening and radiation-harden- 
ing has been noted although there is no 
direct correspondence between the two 
effects. The major differences are that 
plastic deformation produces organized 
lattice disturbances from the motion and 
multiplication of dislocations'® and that 
cold-working produces vacancies, but a 
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limited number of interstitials.” It is 
generally observed that after cold work 
the effect of irradiation is much smaller 
than in annealed material.'® 

The general effects of neutron irradi- 
ation noted in the preceding discussion 
are evident in the data shown in Figs. 
2 through 5. The most pronounced 
change was observed in the yield 


major portion of the damage occurred 
during the lowest exposure and that for 
this exposure temperature the damage 
has essentially saturated. 

The increases in tensile strength re- 
sulting from the irradiation were more 
uniform with increasing prior cold work 
in contrast to the increases in yield 
strength, which were greater in the 
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Prior Cold Work, Reduction of Area, percent 
Fic. 5.—Effect of Irradiation and Post-Irradiation Annealing on the Ductility of Arc-Melted 


Bureau of Mines Zirconium. 


Exposure Temperature, 50 to 60 C 


strength. The largest increase was 
noticed in the annealed material in 
which the change was approximately the 
same as that produced by cold working 
to 5 per cent reduction of area. The 
curves shown in Fig. 6 indicate that the 


Seitz, ‘Advance in Physics,” Philo- 
— Magazine, Supplement 1, 1952, pp. 43- 


annealed material. These 
are shown in Fig. 4. The tensile strength 
was also not appreciably increased at 
higher exposures after the initial irradi- 
ation. 

The ductility, as measured by elonga- 
tion and reduction of area during the 
tension test, was decreased slightly by 
the irradiation. The two curves drawn 
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through the data points in Fig. 5 repre- 
sent the control and initial exposure 
data. The values for reduction of area 
are not shown but indicate essentially the 


same slight decrease in ductility after 
irradiation. 


ANNEALING STUDIES 


Post-irradiation annealing of tension 
specimens was performed at temper- 
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percentage recovery was defined based 
on the annealed, pre-irradiation yield 
strength. Similar material that had been 
cold worked to approximately 50 per 
cent reduction of area, but not irradiated, 
was also annealed for the same period of 
time at these temperatures for com- 
parison. The percentage recovery of (1) 
radiation damage only (initially an- 
nealed material), (2) radiation damage 
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Fic. 6.—Variation of Yield Strength with Exposure Level Illustrating Saturation of Radiation 


Damage. 


Exposure Temperature, 50 to 60 C 


atures that would be reasonable for the 
use of this material in reactor structural 
components. From the results of long 
periods of annealing, it was felt that the 
effect of exposure temperature could be 
estimated and the recovery of cold work 
and radiation damage compared. The 
results of these tests are shown in Figs. 
3, 4, and 5. The yield strength is most 
sensitive to the recovery process and a 


and cold work, and (3) cold work only 
are shown in Fig. 7. The data for the 
350 C (660 F) anneal are based on 160 
hr, and the time at the other temper- 
atures was 100 hr. It is believed that this 
does not significantly alter the curves or 
the indication that the recovery of 
radiation-hardening proceeds at a more 
rapid rate than the recovery of strain- 
hardening at temperatures below that 
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required for recrystallization. The only 
other investigation of recovery of radi- 
ation damage to the mechanical proper- 
ties of zirconium is that of Bleiberg 
and Castleman?’ who compared the 
pre- and post-irradiation annealing of 
hardness in 96 per cent cold-worked 
crystal bar zirconium at temperatures of 
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500 C (930 F), and it was concluded that 
the irradiation-induced hardness anneals 
out in a manner similar to that for cold- 
work-induced hardness. 

The results of the annealing studies 
indicate that only slight changes in 
tensile properties would be _ incurred 
during irradiation of annealed zirconium 


Zirconium. 


YS, = Yield strength base anneal 


300 to 500 C (575 to 930 F) for 30-min 
annealing periods. No difference was 
detected in the hardness decrease of the 
unirradiated and irradiated, 96 per cent 
cold-worked material. The radiation- 
induced hardness in annealed, irradiated 
crystal bar zirconium was almost com- 
pletely annealed out after 30 min at 


Per cent recovery = 
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Annealing Temperature, deg Cent 
Fic. 7.—Recovery of Radiation Damage and Cold Work during Vacuum Annealing of Irradiated 


YS; — YS, 


YS; = Yield strength, after irradiation and/or cold work 
YSsa = Yield strength, after irradiation and/or cold work plus intermediate anneal 


if the exposure temperature were 300 
C (575 F) or greater. For cold-worked 
material irradiated between 300 and 
350 C (575 and 660 F), the decrease in 
yield strength from annealing of the cold 
work would be expected to more than 
offset any increase from radiation- 


hardening. 
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(CONCLUSIONS 


The maximum hardness increase re- 
sulting from irradiation was observed in 
the annealed material, which increased 
20 points Rockwell G (50 to 70). The 
hardness increase was progressively less 
with increasing prior cold work with the 
50 per cent cold-worked material in- 
creasing 10 points Rockwell G (65 to 
75). The hardness appeared to approach 
a saturation level at the higher ex- 
posures that was essentially independent 
of prior cold work. 

Examination of the microstructure of 
the irradiated material at 250X did not 
reveal any changes due to neutron ir- 
radiation or thermal conditions during 
exposure. 

The most pronounced effect of ir- 
radiation on the tensile properties was 
noted in the yield strength. A maximum 
increase of 65 per cent occurred in the 
annealed material. The change in yield 
strength was also less for material with 
prior cold work. In contrast, a more 
uniform increase in ultimate strength 
and decrease in ductility resulted, in- 
dependent of the cold-work level. The 
change in these properties was not 
drastic and the material still behaved in 
a ductile manner. The effect of increased 
exposure was slight, and further irradi- 
ation at this temperature would be 
expected to produce only small changes 
in tensile properties over those reported. 

Annealing for 100 hr at 250 C (480 F) 
produced a measurable recovery of the 
radiation-induced increase yield 
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strength, and approximately 70 per cent 
of the damage in initially annealed 
material was removed in 160 hr at 
350 C (660 F). Post-irradiation annealing 
of the cold-worked material produced 
recovery of both radiation-hardening 
and cold work that was dependent upon 
the degree of prior cold work. 

A comparison of the annealing results 
for irradiated material and unirradiated, 
50 per cent cold-worked zirconium re- 
vealed greater recovery of radiation- 
hardening than of strain-hardening for 
the same temperature and time. 


The effects of irradiation observed in © 


this work are in agreement with the 
effects predicted for interstitial-vacancy 
pair formation. Saturation of this 
damage is attributed to attainment of 
equilibrium between formation and 
decay of these defects under the con- 
ditions of the exposure. 
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AN AUTOGRAPHIC BEARING-STRENGTH TEST, AND TYPICAL a 
VALUES ON SOME MAGNESIUM ALLOYS AT ROOM AND 
ELEVATED TEMPERATURES* 


By A. A. Moore! anv J. A. Gusack! 


SYNOPSIS 


This paper presents a simplified method of measuring hole elongation in the 
bearing testing of metals and discusses some of the variables and problems 
encountered in making a bearing test. Bearing properties of some magnesium 


alloys at room- and elevated-temperatures are presented. 


Use of riveted components in aircraft 
requires that the bearing strength, 
commonly called the “hole pull-out” 
strength, be known for the materials 
used. A bearing yield strength, to define 
limits of excessive permanent deforma- 
tion, is also useful. A test using a hard- 
ened steel pin to apply the bearing load 
is used. Several ideas have been ad- 
vanced on how to define the bearing 
yield strength (1)? but the one most 
commonly used is the nominal stress at 
the point on the stress-hole-elongation 
curve which is offset 2 per cent of the 
hole diameter from the initial straight- 
line portion of the curve (2). The nominal 
stress is used because the actual stress 
distribution adjacent to the hole is not 
uniform (3). This stress is obtained by 
dividing the bearing-pin load in pounds 
by the projected area of the hole (prod- 
uct of hole diameter and specimen 
thickness). 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 956. 

1 Metallurgical Laboratory, Tiie Dow Chemi- 
cal Co., Mjdland, Mich. 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 841. 


Measuring the hole elongation to ob- 
tain the bearing yield strength compli- 
cated the bearing test about as much as 
measuring the strain in the tension-test 
specimen to get the yield strength com- 
plicated the tension test. Some testers 
have been satisfied with dial gages on 
the head of the testing machine to meas- 
ure the displacement of the pin relative 
to the specimen. This method includes 
such extraneous movements as bending 
of the pin and tensile strains in the speci- 
men. A more precise method is to deter- 
mine the movement of the pin by meas- 
uring the opening between the pin and 
the hole boundary with a filar micrometer 
microscope (4). This method is slow and 
not too suitable for use at elevated tem- 
peratures. A third method measures 
the hole elongation by measuring the 
displacement of the steel bearing pin 
relative to the specimen with dial gages 
(5). This method, although accurate, is 
also slow. 


AUTOGRAPHIC BEARING METHOD 


Since the accuracy required for a bear- 
ing-yield-strength determination should 
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be about the same as for a tensile-yield- 
strength determination, it was thought 
that the same strain-measuring equip- 
ment could be used for both tests if a 
suitable transfer mechanism could be 
devised to translate the hole elongation 
into a measurable linear movement. 
Such a transfer mechanism is shown in 
Fig. 1. 

The principles of operation of the 
transfer mechanism can be more easily 
understood by reference to the schematic 


are not included in this measurement. A 
Templin autographic extensometer and 
recorder is used to measure the displace- 
ment of the plunger: relative to the 
plunger guide. A curve similar to the 
load versus hole-elongation curve shown 
in Fig. 3 is obtained by the use of the 
autographic method. 

Tests were made comparing bearing 
yield strengths determined on the same 
material with the filar micrometer micro- 
scope to measure hole deformation, and 


Fic. 1.—Hole-Elongation Transfer Device and Templin Extensometer. 


drawing in Fig. 2. With the specimen in 
place, the plunger guide is securely 
positioned on the specimen with the 
adjustable screws in a relatively low- 
stressed area. The plunger bears on the 
pin as close to the specimen as possible 
to minimize errors due to bending of the 
pin. Since the displacement of the bear- 
ing pin relative to the low-stressed ma- 
terial at the screw locations is the elonga- 
tion of the bearing hole, the displacement 
of the plunger relative to the plunger 
guide is a true measure of the hole 
elongation. It should be noted that ten- 
sile strains in the body of the specimen 


the transfer device shown in Fig. 1 with 
Tuckerman extensometers as the meas- 
uring gages. These tests were then com- 
pared with bearing yield strengths deter- 
mined with the same transfer device, 
but using Templin autographic strain- 
recording equipment. The bearing yield 
strengths determined by any of. the 
above methods fell within the same 
scatter band. 

While the use of the strain-transfer 
device made bearing testing much faster 
and easier at room temperature, the full 
advantage was not realized until work 
at elevated temperatures started. By 
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merely extending the length of the 
plunger and guide, it is possible, once 
the temperature is stabilized, to measure 
the hole elongation outside the heating 
furnace with no loss in accuracy. Figure 
4 shows the transfer mechanism being 
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Plunger — 


Guide 


Upper 


— Specimen 


Loading Pin 


Loading Bar 


to the bearing pin. To «eicrmine the 
temperature distribution 1.: is area, six 
thermocouples were buried in a dummy 
specimen. After the specimen reached 
thermal equilibrium at 600 F, five of the 
thermocouples read exactly the same, 


Loading 
Frame 


— 


Pin 


| 


----H-+}----- 


Fic. 2.—Schematic Drawing of Transfer Device Operation. 


used in conjunction with standard Tem- 
plin strain-recorder equipment in making 
an elevated-temperature bearing test. 
The electric furnace was lowered for the 
photograph. 

In elevated-temperature testing, it is 
important that the temperature be uni- 
form in the bearing specimen adjacent 


while the thermocouple directly under 
the bearing pin read 2 F low. The ex- 
cellent temperature distribution appears 
to stem from the use of a long furnace and 
a loading fixture that allows good circu- 
lation of air on the specimen. 

For routine testing, it is desirable to 
eliminate the necessity of applying a new 
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Fic. 3.—An Autographic Load versus Hole- 
Elongation Curve Obtained on AZ31A-H24 
Sheet at Room Temperature. 
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ated-Temperature Bearing Test Equipment. 
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thermocouple to each specimen. To ac- 
complish this,a single thermocouple was 
silver-soldered to one of the fixed screws 
in the plunger guide (see Fig. 5). The 
dummy specimen was allowed to stabilize 
at G0OF. The thermocouple silver- 
soldered on the plunger guide read 5 F 
low compared with the thermocouple 
buried in the specimen. The thermo- 
couple on the fixed screw is currently 
being used to monitor the temperature 
of the specimen, a small correction being 
applied to the indicated reading at the 
various testing temperatures. 

The temperature of the furnace is 
controlled by a Micro-Max recorder- 
controller which receives a signal from a 
thermocouple mounted close to the heat- 
ing elements in the furnace. In operation, 
the recorder-controller is adjusted until 
the desired specimen temperature is ob- 
tained. This method minimizes tempera- 
ture over-shoot and fluctuation. The 
current heating time to temperature 
stabilization is 1 hr. 
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BEARING-TEST SPECIMENS 


No standard bearing-test specimen has 
been adopted by ASTM or other national 
specification-writing agency. Therefore 
several size factors affecting the results 
were checked; the most important of 
these will be discussed. 

Different pin sizes do not appreciably 
change the bearing-yield-strength value 


AND GUSACK 


because the metal at the side of the hole 
which tends to restrain the movement of 
the metal above the hole has less effect 
as the size increases. This effect was 
also found by R. L. Moore in his work 
on magnesium alloys using 0.250- and 
0.500-in. diameter pins (6). No difference 


if 


Fic. 5.—Elevated-Temperature Transfer Device and Monitor Thermocouple. 


obtained on the same magnesium alloy. 
Decreasing the edge distance ratio, 
thickness or width of the specimen lowers 
the bearing yield strength less than the 
bearing strength. Therefore size effects 
will be discussed primarily in connection 
with bearing strength. 

If a thin specimen is used with a rela- 
tively large pin, a buckling failure will 
result rather than the “crushing” type 
of failure generally regarded as bearing 
failure. For magnesium alloys, a thick- 
ness of not less than one-fourth of the pin 


could be found on results obtained with 
0.187-in. diameter compared with those 
obtained with 0.250-in. diameter pins. 
The bearing strengths determined using 
0.500-in. diameter pins average about 10 
per cent lower on the same material 
compared to the bearing strengths 
determined using 0.187-in. diameter pins, 
with an edge distance of 23 times the 
pin diameter. 

Hole preparation and snugness of pin 
fit also affect the results obtained. 
cold-worked area adjacent to the hole is 
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not desirable because it changes the 
characteristics of the material being 
tested. A loose-fitting pin or an out-of- 
round hole gives reduced bearing 
strengths. Using a loose-fitting 0.500-in. 
; diameter pin, bearing strengths are 
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tensile strength to bearing strength and 
the notch sensitivity of the material. For 
the tests on magnesium alloys, a speci- 
men width of 8D is used, where D is 
the hole diameter. A width of 4D is ac- 
tually satisfactory for most commercial 


TABLE I.—TYPICAL BEARING STRENGTHS OF MAGNESIUM 
ALLOYS AT VARIOUS EDGE DISTANCES. 

. 2.5D Edge Distance | 2.0D Edge Distance | 1.5D Edge Distance 

Alloy, Temper and Form Bearing Bearing Bearing B 
Yield Bearing Viel earing Vield earing 
38 100 | 70 000 68 200 | 38 100 | 58 100 

pe re 33 200 | 62 000 | 33 100 | 56 200 | 31 700 | 45 300 
AZGIA-F extrusions. . 43 600 | 76 500 | 41 000 | 68 100 | 39 600 | 57 300 
AZSO0B-F extrusions... . oi. ccc cccccce 50 400 | 76 100 | 48 300 | 68 200 | 42 000 | 57 200 
25 300 | 53 100 | 25 400 | 49 200 | 24 100 | 39 600 
poe eg rn 48 800 | 77 200 | 45 700 | 69 300 | 40 900 | 56 700 
| 66 400 90 800 | 64 600 | 82 500 | 53 900 | 62 800 
AZ63A-T4 castings..................- 45 800 | 71 200 | 44 000 | 57 700 | 36 500 | 43 800 
56 000 | 83 300 | 52 600 | 76 400 | 44 100 | 60 500 


TABLE II.—MINIMUM DESIGN BEARING PROPERTIES OF MAGNESIUM ALLOYS (2). 


1.5D Edge Distance 2.0D Edge Distance 
Alloy, Temper and Forms 
Bearing Yield Bearing Bearing Yield Bearing 
Strength, psi Strength, psi Strength, psi Strength, psi 
29 000 50 000 29 000 60 000 
43 000 58 000 43 000 68 000 
AZ31B-F extrusions. ................06. 23 000 36 000 23 000 45 000 
28 000 45 000 32 000 55 000 
36 000 48 000 40 000 56 000 
23 000 36 000 23 000 45 000 
pS 32 000 48 000 40 000 58 000 
AZ92A-T6 castings. ................... 45 000 52 000 55 000 70 000 
h AZ63A-T4 castings................ ....| 82 000 36 000 36 000 50 000 
e ee 36 000 50 000 45 000 65 000 


lowered by as much as 20 per cent from 
those obtained with a tight fit. On 
magnesium alloys, it is found desirable 
to bore the 0.500-in. diameter holes. The 
0.187- and 0.250-in. diameter holes are 
carefully drilled and reamed. 

The width of the specimen must be 
‘ sufficient to prevent a tension failure at 
the hole. The width necessary to prevent 
tension failure will vary with the ratio of 


alloys, the wider specimen having been 
adopted to accommodate occasional 
special alloys of low ductility. 

Various edge distances (measured 
along the load axis) are used to simulate 
riveted structure. Edge distances com- 
monly used are 1.5D, 2.0D, 2.5D and 4D 
from the edge of the specimen to the 
center line of the hole. At an edge dis- 
tance of 1.5D, however, a double-shear 
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TABLE  III.—ELEVATED-TEMPERA- 
TURE BEARING PROPERTIES OF THE 
SAND-CAST MAGNESIUM ALLOY EZ33A- 
T5. 


Test Temperature, Bearing Yield Bearing 
deg Fahr Strength, psi Strength, psi 

ee rere 33 000 52 800 

Sere 31 400 49 800 

19 350 32 200 


Note.—2.5D Edge Distance; in. Pin Di- 
ameter. 


Moore AND GUSACK 


At elevated temperatures the standard 
8D width of specimen is used. An auto- 
graphic curve is obtained from which the 
bearing yield strength is readily deter- 
mined. The bearing-strength determina- 
tion, however, is complicated by an 
additional problem not encountered on 
commercial magnesium alloys at room 
temperature. At higher temperatures 
many magnesium alloys become ex- 
tremely ductile. As the specimen is 
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Testing Temperature, deg Fahr 
Fic. 6.—Mechanical Property Comparison of the Sand-Cast Magnesium Alloy EZ33A-TS. 


failure is generally obtained on mag- 
nesium alloys, at a lower bearing strength 
than is obtained when a bearing or 
“crushing” failure occurs at greater edge 
distances. The values obtained at an 
edge distance of 2D and over are gener- 
ally the same. The above generalization 
does not hold true for all alloys and pin 
sizes. For example, decreasing the edge 
distance lowers the bearing strength less 
on the tests with a 0.500-in. diameter 
pin than on those with a 0.187-in. di- 
ameter pin. 


loaded beyond the yield strength at 
these temperatures, the metal laterally 
deforms above the pin, effectively in- 
creasing the bearing area. The failure 
obtained under these conditions is quite 
different in character from that at room 
temperature. Because the pin does not 
pull out until the specimen is severely 
deformed, errors from specimen inter- 
ference with the upper loading frame may 
occur. The material tested at elevated 
temperatures for this paper did not de- 
form excessively in the temperature 
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range tested, and the results may there- 
fore be considered dependable. 


MAGNESIUM-ALLOY BEARING 
PROPERTIES 


Typical room-temperature bearing 
strengths and bearing yield strengths of 
some commercial magnesium-base alloys 
are given in Table I. Enough batches 
were tested for the values to be con- 
sidered typical of what can normally be 
expected from commercial material. The 
effect of edge distance on the properties 
can be seen. The minimum bearing 
strengths and bearing yield strengths for 
magnesium alloys currently shown in 
the ANC-5 Bulletin, “Strength of Metal 
Aircraft Elements” (2), are given in 
Table II. Elevated-temperature bearing 
properties of one batch of the sand- 
cast magnesium alloy, EZ33A-T5, are 
given in Table III. In general the bear- 
ing strength and bearing yield strength 
decrease with increasing temperature the 
same as the tensile and compressive 
properties. 

A comparison of the elevated-tempera- 
ture bearing properties with the elevated- 
temperature tensile and compressive 
properties has been made to determine 


ha 


(1) Albert Epstein, “Bearing Strength in Air- 
plane Design,” Journal of Aeronautical 
Sciences, Vol. 12, Jan., 1945, pp. 65-84. 

2) Air Force-Navy-Civil Aircraft Design Cri- 
teria Committee, “Strength of Metal Air- 
craft Elements,” ANC-5 Bulletin, U. S. 
Government Printing Office, March, 1955, 
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(3) M. M. Frocht and H. N. Hill, “Stress Con- 

centrations Around a Circular Hole in a 

Plate Loaded Through a Pin in a Hole,” 
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SYNOPSIS 


Study of extensive new single shear, double shear, and punch shear test re- 
sults reveal a significant size effect which must be considered in any attempt 
to compare shear strengths of alloys. Increased apparent shear strength is 
observed with: (a) decreased specimen shear area, (b) increased pin-to-hole 
tolerance (double shear), (c) notching of round specimens, and (d) simu- 
lated wear of a shear jig. Changes in shear strength as a function of specimen 
and shear jig geometry are also presented. Recommendations are offered for 
test methods to provide the best approximation to the true shear strength of 


the material. 


Variations observed in the shear 
strength of magnesium alloys as deter- 
mined by the double shear method 
raised various questions concerning 
the test variables and what effect they 
have on the apparent shear strength. 
What methods, other than the torsion 
method, can be used to determine ulti- 
mate shear strength? What are the 
true shear strengths of magnesium 
alloys? 

It was the object of this investigation 
to answer questions such as those given 
above and to compare test results ob- 
tained by the various methods. 

At present there is no ASTM stand- 
ard method for the determination of 
ultimate shear strength. However, many 
laboratories use double shear jigs made 
to a military specification? which de- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1The Dow Chemical Co., Metallurgical 
Lab., Midland, Mich. 

2 Military Specification: Rivets; Aluminum 
and Aluminum Alloy, Aircraft; Mil-R-5674A, 
Amendment—1, Feb. 12, 1953. 


EVALUATION OF TEST VARIABLES IN THE DETERMINATION OF 
SHEAR STRENGTH* 


By RAYMOND W. FENN, JR. AND ROBERT B. CLAPPER! ‘am 1 


scribes the geometry of a jig for shear 
testing rivet material. In 1953, F. Gatto® 
proposed a single shear method (see 
Fig. 1) which was claimed to give pure 
shear, and consequently higher shear 
strengths, than those obtained by the 
double shear method. 

Design shear strength values for 
sheet have previously been obtained by 
the punch shear method. A method for 
testing sheet in single shear by Davis, 
Troxell, and Wiskocil,‘ has been used 
as a test which more truly represents 
conditions such as those found in shear- 
resistant webs of sheet. 

The results of a systematic variation 
of the test variables for the pin double 
shear method, pin single shear, sheet 
single shear, and punch shear methods 
are presented and compared. 


3F. Gatto, “Shear Test of Light Alloys” 
(in Italian), Aluminio, 22, 495-506 (1953). 

4H. E. Davis, G. E. Troxell and C. T. 
Wiskocil, ‘The Testing and Inspection of 
Engineering Materials,” McGraw-Hill Book 
Co., Inc., Eighth printing of preliminary 
edition, p. 113 (1949). 
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Test MATERIALS 


The composition and mechanical 
properties of the alloys are shown in 
Table I. The majority of double and 
single shear tests were conducted on pins 
machined from 1} in. and 1-in. diameter 


Fic. 1.—Apparatus for Single Shear Testing 
of Round Specimens. 


extrusions of AZ80A-F magnesium alloy, 
designated as lots I and II, respectively. 
Supplementary double shear data were 
drawn from preliminary test results on 
5-in. diameter AZ21-F* extrusions; me- 
chanical property data were not obtained 
on this alloy. The materials selected for 
the single shear sheet and the punch 
shear programs were AZ31A-O 3}-in. 

° AZ21-F is an experimental alloy and the 


ASTM nomenclature is used simply for con- 
venience. 
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plate, 0.064-in. 2024-T3 clad and 7075-T6 
bare aluminum sheet. The chemical 
composition of the 7075 aluminum alloy 
was not obtained. 


DOUBLE SHEAR 


Apparatus and Procedure: 
Double shear tests were made — 


four different jigs, all of which were 
based on the principle of the jigs used for 
testing rivet material.” A center shearing 
plate with several short transverse holes 
of different sizes is placed between two 
outer plates having a similar series of 
holes in such a manner as to align the 
hole to be used in all three plates. The 
two outer plates are bolted to a spacer 
plate of the same thickness as the center 
shearing plate. This spacer plate serves 
to align the shearing holes of the two 
outer plates and extends beyond the end 
of the jig enough to pass a clevis pin 
through a hole for the purpose of 
applying load. The center shearing plate 
also extends beyond the other ends of 
the outer shearing plates enough to pass 
a clevis pin through a hole. In this 
manner the shear stress is transmitted 
essentially equally to the two shear 
planes which are the adjacent planes of 
the center and outer plates. The bolted 


_arrangement also’ minimizes (a) dis- 


tortion due to eccentricities, and (6) the 
tendency for the specimen to bend as it 
tries to spring the outer plates apart. 
Three jigs were made with center plates 
+, 1 and 13 in. thick and outside 
plates 1} in. thick, each having holes for 
shearing pins of § to 1 in. diameter. The 
other jigs were originally made to a 
military specification? which specifies a 
different jig for each pin diameter. 

The different tests included studies of 
varying the clearance between shear 
faces, varying the clearances between the 
hole and the specimen diameter, and 
chamfering the edges of holes at the 
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Fic. 2.—Single Shear Round and Sheet Specimens. 


shear faces. The clearance between shear 
faces was varied by placing shims 
between the spacer and outer plates 
under the bolts. Specimen to hole 
clearance was changed by reducing the 
specimen diameters. Chamfering the 
edges of the shear pin holes was done by 
machining close-fitting bushings which 
were subsequently inserted in a shear 
jig. 

Notched bar double shear specimens 
were made similar to that shown in 


Fig. 2(a) except that each specimen 
was notched in two places to coincide 
with the shear planes. The undercuts 
served only to increase the s® distance 


to control the R ratio. 


Tests AND RESULTS 


A program for the double shear 
method was designed to determine the 


See Appendix for definition of symbols. 
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TABLE II.—DOUBLE SHEAR TEST RESULTS ON AZ80A-F MAGNESIUM EXTRUSION 
(LOT I). 


Shear Stress, 1000 psi 


| Avg. 


T, in. | t/d 


t, in. 


| Shear Stress, 1000 psi 


S, in. | T, in. t/d 


| Avg. 


Group IA—t = 


0.498 IN. 


Group IIA—d = 0.250 in.;t = 
1.473 IN. 


| 


22.4 | 23.8) 23.1/0.001; 5.9 
22.3 | 23.1) 22.7,0.002) 5.9 
23.2 | 23.2) 23.20.003 5.9 
| 23.4 23.40.004' 5.9 
123.4 | 23.3) 23.40.005 5.9 
23.6 | 23.5 23.60.006 5.9 
23.4 | 23.2 23.30.006 5.9 
23.6 | 23.5 23.60.025 5.9 
123.4 | 22.4 22.90.039 5.9 
23.1 | 23.0 23.00.049 5.9 


Group IIB—d = 0.750 1n.;¢ = 
1.473 IN. 


0. -1 | 23.4 | 23.6 | 23.7 | 0.003! 3.98 
0.28 -5 | 22.7 | 22.4 | 22.5 | 0.002; 1.98 
0. .8 | 22.4 or 22.1 | 0.004) 1.32 | 
0. -8 | 22.2 | 22.0 | 22.0 | 0.003) 0.98 
0. 8 | 22.1 22.0 | 22.0 | 0.002) 0.66 
ie -7 | 21.0 | 21.4 | 21.0 | 0.003) 0.50 
Group IB—t = 0.996 IN. 
0. 23.7 | 23.7 | 0.003) 7.96 
0. | ... | 22.8 | 0.001) 3.97 
0. | 22.0 | 22.0 | 0.002 2.65 
0. |} 22.3 | 21.9 | 0.003! 1.99 
0. 21.9 | 21.8 | 0.002; 1.33 
21.6 21.3 | 0.004 0.99 
Group IC—t = 1.473 1n 
0. 24.4 | 24.1 | 0.00211.8 
0. 23.1 | 23.1 | 0.001) 5.9 
0. 21.8 | 21.7 | 0.001) 3.93 
0. 22.3 | 22.4 | 0.002) 2.94 
0. 22.5 | 22.4 | 0.001) 1.96 
|} 22.1 | 21.9 | 0.002 47 
Group ID—t = VARIABLE 
0. 3.7 | 22.3 | 22.8 | 0.002, 1.0 | 0.126 
0. .8 | 21.8 | 22.1 | 0.002 1.3 | 0.249 
0. .6 | 22.7 | 22.4 | 0.003! 1.3 | 0.249 
0. .d | 21.4 | 21.5 | 0.002 0.92 | 0.231 
0. .8 | 22.1 | 22.1 | 0.002 0.92 | 0.231 
0. 2.8 | 22.8 22.4 0.002 0.96 | 0.373 


(22.4 | 22.1) 22.20.004 1.96 

|22.6 | 22.4 22.50.007| 1.96 

22.1 | 22.6 22.40.010 1.96 
22.2 | 22.6 22.40.013) 1.96 
| 22.5, 22.50.016 1.96 
|22.5 | 22.5) 22.50.019 1.96 

|22.4 | 22.5) 22.40.022) 1.96 
121.0 | 21.2) 21.10.076 1.96 

\20.8 | 20.7) 20.80.086 1.96 

|20.0 | 20.1) 20.00.150 1.96 
Group IIIA—d = 0.250 1n.; t = 

1.473 

0.000) 22.8 | 23.1 23.00.002| 5.9 
0.001) 23.3 | 23.4 23.4:0.002) 5.9 
0.002) 23.4 | 23.3 23.4'0.002 5.9 
0.003) 23.4 | 23.5 23.4'0.002 5.9 
0.004 23.4 | 23.4 23.40.002 5.9 
0.006, 23.4 | 23.3, 23.40.002, 5.9 
0.010) 23.2 | 23.3, 23.20.002| 5.9 
0.040, 22.7 | 22.8) 22.80.001! 5.9 
0.064) 23.0 | 22.9 23.00.001 5.9 
0.150 22.6 | 22.5, 22.60.002 5.9 


Group IIIB—d = 


1.473 IN. 
0.000| 22.4 | 22.5) 22.4/0.001; 1.96 
0.001) 22.2 | 22.1) 22.20.002 1.96 
0.002) 22.4 | 22.2) 22.3'0.002 1.96 
0.003 22.3 | 22.4) 22.40.003 1.96 
0.004, 22.0 | 22.3) 22.10.002, 1.96 
0.006 22.0 | 22.0 22.00.003 1.96 
0.010; 22.3 | 22.2) 22.20.002) 1.96 
0.040, 22.2 | 22.2) 22.20.002) 1.96 
0.062) 21.9 | 21.9 21.90.004 1.96 
0.107) 21.7 | 21.4 21.60.004| 1.96 
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shear strength of AZ80A-F alloy as a_ were obtained for various pin diameters 
function of variations in: (a) pin diam- when using double shear jigs made up in 
eter, (b) center shear plate thickness, accordance with the military specifi- 
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(c) pin to hole tolerance, and (d) clear- — cations.? The results of these experiments 
ance between the center shearing plate on plain round bars are tabulated in 
and the outside shearing plates, because Table II. 

significant variations in shear strength Groups IA,IB, and IC show the 
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‘ 
20000 Bi 
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effect of varying pin diameter with 
0.5 in., 1 in., and 1.5 in. thick center 
shearing plates. The lower three curves 
of Fig. 3 show shear stress increasing 
with decreasing pin diameter. A similar 
size effect was noted when square pins 
were sheared in shear jigs containing 
square holes. The lower curve of Fig. 4 
shows the increase in shear stress ob- 
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The data of group Il A and II B 
(Table IT) show the effect of increasing 
the pin-to-hole tolerance for }-in. and 
3-in. diameter pins. When the changes in 
shear stress resulting from the variation 
in pin-to-hole tolerance are calculated, 
the data can be combined with those 
obtained on AZ21-F alloy to give the 
family of curves for various pin diameters 
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tained when the ratio of center shear 


plate thickness to pin diameter (:) is 


held to approximately one. See Table II, 
group ID. The upper curve of Fig. 4 
shows the gradual increase in shear 
stress obtained on j-in. diameter pins 


with increasing z The increases in 
shear stress observed with increased 
shear plate thickness are attributed to 
minimizing the interaction of the two 
stress systems operating on the two 


shear planes. 


shown in Fig. 5. It is noted that a 
maximum shear stress is obtained when 
the pin-to-hole tolerance is between 2 
and 4 per cent of the pin diameter, where 
the 2 per cent applies to the ?-in. 
diameter pins and the 4 per cent to the 
z-in. diameter pins. 

The data of group III A and III B 
(Table II) show the effect of increasing 
the total clearance between the center 
shearing plate and the side plates on the 
shear stress of }-in. and 3?-in. diameter 
pins. An increase of approximately 450 
psi is noted for the 3-in. diameter pins 


when the distance between the outside 
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g 
d TABLE III.—DOUBLE SHEAR TEST RESULTS ON AZ80A-F MAGNESIUM EXTRUSION ; 
n (LOT II). 
. Group IV—UNNoOTCHED, 45 pEG CHAMFER, t = 1.473 IN. ' 
1, Max. diam of PTs C X 0.707 X 4, Shear Stress, 1000 psi “% 
e pin, in. in. 
Avg., psi 
S 0.385 0 0 23.0 23.1 23.9 23.3 0.003 
0.385 0.006 0.017 23.4 24.5 23.7 23.9 0.002 
0.385 0.016 0.045 26.1 25.0 25.1 25.4 0.003 
0.385 0.018 0.051 25.9 26.9 25.7 26.2 0.002 
0.385 0.021 0.059 25.4 26.7 25.5 25.9 0.003 
0.385 0.028 0.079 25.6 24.1 - ee 24.8 0.003 
0.385 0.046 0.130 25.1 25.2 ere 25.2 0.002 
0.385 0.094 0.266 25.0 24.3 he 24.6 0.003 
Group V—30 pec 0.010 1n. Root Rapius, t = 1.473 In. 
Root Max. s Shear Stress, 1000 psi 
Diam, Undercut, in. s, in, | diam of R N, in. Avg T, in t/d Bs) 
in. pin, in. in. psi 
0.125 | 0.075 X 0.250 | 0.125 | 0.750 | 0.33) 0.312) 27.5 | 27.4 | 28.0 | 27.6) 0.002)11.8 
0.250 | 0.075 X 0.500 | 0.250 | 0.750 | 0.66) 0.250) 25.6 | 26.0 | 26.1 | 25.9) 0.002) 5.9 - 
0.375 | 0.075 X 0.750 | 0.375 | 0.750 | 1.00) 0.188) 23.5 | 23.1 | 23.9 | 23.5) 0.002) 3.9 air 
0.500 | 0.075 X 1.00 | 0.500 | 0.750 | 1.33) 0.125 Specimens Bent se 2 
0.125 | 0.075 X 0.750 | 0.375 | 0.750 | 1.0 | 0.312) 26.7 26.7) 0.002/11.8 . 
0.200 | 0.075 XK 1.126 | 0.563 | 0.750 | 1.5 | 0.275) 26.1 MH 26.1) 0.002) 7.4 _ bal 
0.250 | 0.075 X 0.188 | 0.094 | 0.750 | 0.25) 0.250) 24.8 | 24.4 24.6) 0.002) 5.9 a4 Yi 
0.250 | 0.075 X 0.750 | 0.375 | 0.750 | 1.0 | 0.250) 25.9 | 25.8 25.8} 0.002) 5.9 _ 
0.250 | 0.075 K 1.124 | 0.562 | 0.750 | 1.5 | 0.25 | 25.8 | 25.4 25.6 0.002] 5.9 a 
Group VI—30 pec Nortcu, 0.010 1n. Root Rapivus, t = 1.473 IN. 
0.125 None 0.084 | 0.750 |0.224) 0.312) 26.9 | 26.6) ... | 26.8 0.002|11 9 
0.250 None 0.067 | 0.750 |0.179|) 0.250) 25.0 | 25.3 | 25.1 | 25.1) 0.002) 5.9 
0.375 None 0.050 | 0.750 |0.134| 0.187) 24.0 | 23.7 | 23.6 | 23.8) 0.002) 3.9 a ¥ : 
0.500 None 0.034 | 0.750 |0.089| 0.125) 23.9 | 24.0 | 23.8 | 23.9) 0.002) 2.9 _ B's 
0.375 None 0.017 | 0.500 |0.068) 0.062) 25.6 | 25.6 | 25.5 | 25.6) ... | 2.0 : 
a Group VII—30 pec Norcu, 0.010 1n. Roor Rapivus, = 1.473 IN. 
n 0.125 None 0.034 | 0.375 |0.089| 0.125| 27.7 | 28.2 | 28.0 | 28.0| 0.001/11.9 oe 
2 0.250 None 0.034 | 0.500 |0.089) 0.125) 26.2 | 25.6 | 25.9 | 25.9) 0.002) 5.9 et 
e 0.500 None 0.034 | 0.750 |0.089) 0.125) 23.1 | 23.7 | 23.8 | 23.5) 0.002) 2.9 - i 
0.750 None 0.034 | 1.000 |0.089) 0.125) 22.6 | 23.5 | 23.1 | 23.1) 0.001) 2.0 a 
e Group VIII—UnnotcHep ContTrROL SPECIMENS, = 1.473 
0.125 None | 0 |0.125| 0 | 0 | 25.0| 25.4 | 25.4 | 25.3| 0.004/11.9 
B 0.250 None | 0.250 0 0 23.8} 0.002) 5.9 
g 0.375 None 0 0.375 0 0 23:2 | 2.2 22.2) 0.002) 3.9 
rc 0.500 None 0 0.500 0 0 22.5 | 23.1 22.8) 0.002) 2.9 
None 0 0.750 0 0 22.6 -7| 0.000] 2.0 
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shearing plates was increased by 0.003 
in.; however, this effect was not observed 
for the ¢-in. diameter pins. Except for 
the above increase in shear stress, a 
gradual decrease is noted with increasing 
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the four shearing faces) up to a maximum 
of 0.030 in. Above 0.030 in., increases in 
width of the chamfered faces result in a 
gradual decrease in shear stress. Applica- 
tion of the correlation analysis of 
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clearance for both pin diameters (Fig. 6). 
The improved precision of the results of 
groups IITA and IIIB over those of 
the other groups in Table II is attributed 
to the smaller pin-to-hole tolerances in 
the former. The pins in groups IIIA 
and IIIB had to be driven into the jig 
with a light mallet, whereas those of the 
other groups were a relatively loose fit. 
The shear stress results of a second set 
of double shear experiments, designed to 
show the effect of (a) chamfering the 
shearing edges of a shear jig, (b) notching 
specimens with an undercut area, (c) 
notching specimens without an undercut 
area, and (d) notching specimens to a 
constant depth, are presented in Table 
II. A plot of the group IV results 
(Fig. 7) shows an increase in shear stress 
of approximately 140 psi per 0.001-in. 
width of 45 deg chamfer face (on each of 


Clearance , in. 
Fic. 6.—Shear Stress as a Function of the Clearance between the Shearing Plate and the Side 


Ezekiel’ to the results of groups V, VI, 
VII, and VIII show: (a) that variations 
in the ratio of the distance from the 
shear plane to the point of specimen 
support (s) to one half the maximum 
specimen diameter (R) cause significant 
variations in shear stress similar to those 
shown in Fig. 8, and (6) that notch depth 
has no apparent effect. In the interests 
of brevity this analysis is 1 ot included 
and the double shear data points of 
groups V, VI, VII, and VIII are shown 
in Fig. 8. The effect of varying pin 
diameter with constant notch depth and 


constant ratio of ‘ (0.09) (group V data) 


is demonstrated in the top curve of Fig. 
3. The notching of the double shear 


7M. Ezekiel, ‘‘Methods of Correlation 
Analysis,’””’ John Wiley and Sons, Inc., New 
York, second edition, chap. 16 (1950). 
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specimens causes even larger increases in 
shear stress for the smaller diameter pins 
than observed with plain unnotched 
specimens. This is attributed to the 


increase in R ratio. The control data for 


AZ80A-F lot // (group VIIL) shows the 
same diameter effect as noted in lot /, 
however the shear stress of the second lot 
of AZ80A-F is approximately 600 psi 
higher than the first lot. 


SINGLE SHEAR OF NOTCHED 
ROUND SPECIMENS 


Apparatus and Procedure: 


Single shear testing was done on the 
apparatus shown in Fig. 1. Considerable 
care was taken to be certain the align- 
ment of the root of the notch was 
exactly in the shear plane, or centerline 
of shear force as shown in Fig. 2(a). 
The jig, clevis pins, and specimen were 
adjusted and aligned visually with the 
aid of: (a) two sight glasses containing 
holes spaced to fit exactly over the two 
clevis pins, and (6) lines scribed on the 
glass between the centerlines of these 
holes. The root of the notch was then 
shown clearly with respect to alignment 
with the scribed lines, and the specimen 
was secured against movement by 
tightening set screws in the jig which 
clamped the specimen firmly in place. 


TESTS AND RESULTS 


Gatto’s work with single shear ap- 
paratus on round specimens indicates 
that a pure shear condition results at 
the shear plane of a specimen tested as 
shown in Fig. 1. He found that a notch 
at the shear plane insured failure in the 
specimen at this point, otherwise a 
bending failure would result from the 
bending moment which increases from 
zero at the shear plane to a maximum 
at the point where the specimen is 
gripped in the jig (See Fig. 2(a)). A 


shape was determined using the single _ 


program was designed to study the shear 
strength of AZ80A-F alloy as a function 
of variations in: (/) root diameter, d; 


(2) (=) ratio of support distance, s, 


between shear plane and the point of 
support to the radius, R, of the outside _ 
diameter of the specimen; (3) notch 
angle, a; and (4) notch radius, r. 
Figure 3 shows that reducing the | 
specimen diameter increases the shear 
stress. The same effect is reported above _ 
for double shear of both plain and © 
notched specimens. Plotting both single 


and double shear results versus R values 


(Fig. 8) for the various diameter speci- 
mens yields a family of curves when 
notch angle and notch radius are held _ 
constant. Good agreement is obtained © 
with double shear data obtained on 
notched specimens. This implies that the 
single shear test with notched specimens 
is essentially the same as a double shear _ 
test with undercut and/or notched spec- 
imens. Figure 8 is a plot of the results 
in Table III (groups V, VI, VII, and 
VIII), and Table IV, showing the effect of 


varying 5 on the shear strength for dif- 


ferent specimen diameters. The curve 


shear data and the correlation analysis of — 
Ezekiel,’ while the position of the curves - 
was determined with the aid of cross 
plots. 


Ss — 
— ratio increases the 
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At higher — values a gradual decrease in 

igher sag 4 
shear strength is observed. These results 


are not in agreement with the implica- 
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TABLE V.—SINGLE SHEAR’ TEST 
RESULTS FOR LOT II AZ80A-F EXTRU- 
SIONS WITH VARYING NOTCH ANGLE 
AND NOTCH RADIUS. 


Shear Stress, 1000 psi. 


s = 0.193 7 0.616 


Minimum Diameter = 0.250 in.|Avg. 


ocooococo 
to to ty te to to 
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anticipated by Gatto. Others are invited 
to study this problem to determine if the 
true ultimate shear stress is obtained at 


CLAPPER 


an optimum R value. The above correla- 


tion analysis, included the data from 
Table V, and indicates that variations in 
notch angle from 30 to 90 deg have no 
apparent effect on shear strength but 
that variations in notch radius can have 
a significant effect on the shear stress. 
Changing the notch radius from 0.010 in. 
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VA 


a 

= 

. 

& 


0.02 


0.04 


0.06 


Notch Radius , in. 


Fic. 9.—Change in Shear Stress Resulting from Change in Radius of Single Shear Specimens for 


1 in. Diameter. 


tions of Gatto’s findings. Gatto’s photo- 
elastic analyses indicate that the R ratio 


must be maintained at one or greater to 
guarantee the absence of stress concen- 
trations in the shear plane and implies 
“that the optimum shear stress will be 
obtained under these conditions. Since 


the optimum shear stress in this investi- 
gation is found at an R value of 0.3 a 


more complex stress system may be 
operating in the plastic range than was 


to 0.040 in. increases the shear stress 
approximately 3000 psi (Fig. 9). The 
above statement on the effect of notch 
angle is in agreement with the findings of 
Gatto. However, he does state that notch 
radius does not influence the stress 
distribution in the shear plane from a 
practical standpoint, again implying that 
notch radius does not influence shear 
strength. Possibly Gatto’s tests were 
conducted on specimens with notch radii 
of 0.040 in. or larger which minimize the 
effect and make it difficult to detect. 
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SINGLE SHEET SHEAR AND PUNCH SHEAR 


Apparatus and Procedure: 


The sheet specimen, when prepared as 
shown in Fig. 2(d), is mounted in the 
testing machine by clevis pins through 
each end. Shims were used in the clevises 


direction. These latter types of shear are 
actually encountered in all shear webs. 

The method of Davis, Troxell, and 
Wiskocil* has been suggested by some 
investigators to obtain the shear strength 
of sheet in the desired direction. In — 
essence the test is the same as for the 


TABLE VI.—SINGLE SHEAR AND PUNCH SHEAR STRENGTHS FOR AZ31A-0 ALLOY. 
Machined from )% in. thick plate. 


| Shear Stress, 1000 psi 


Single Shear 
W/2, in. y, in. 


Punch Shear 
Average |2 in. Circum- 
ference 


Single Shear 


750 
-750 
-750 
-750 
750 
750 
750 
750 
-750 
-750 
-750 


transverse 
transverse 
longitudinal 
transverse 
longitudinal 
transverse 
longitudinal 
transverse 
longitudinal 
transverse 
longitudinal 


.170 26.6 
170 | 25.0 
170 25.8 
170 26.0 
-170 : 25.5 
-170 25.0 
-170 24.1 
.170 2. 23.6 
-170 24.0 
170 25.0 
.170 24.7 


to 
or 
o 


26. 
25. 
25. 
25. 
25. 
25 
24 
23 
23 
24. 
24 


19.7 
19.5 


to 
or 


19.2 


to tt 
or or 


18.6 


to to 


18.2 


to 


18.2 
| 


MOON 


when necessary to prevent the possibility 


single shear of round bars as previously — 
of rotation or lateral displacement of the 


described, with the specimen itself 


specimen, and to insure axial loading. 
Punch shear tests were performed with 


a punch and die having a circumference 
of 2 in. 


TESTS AND RESULTS 


acting as the jig. 

A program was designed to study the 
changes in shear strength as a function © 
of directionality, sheet thickness, ratio of 
distance between holes to the half width | 


y 
Sheet structures analyzed for shear Of the specimen, >>, and hole diam- 


conditions, as a shear resistant web, are 
usually designed from punch shear data. 
However, punch shear values can be sig- 
nificantly different from single shear 
values as shown in Table VI. This 
difference may be attributable to stress 
concentration and/or anisotropy. This 
latter possibility would make it im- 
portant to know the true shear strength 
in the same direction and plane as that 
shear which is induced in the structure. 
Since the direction of punch shear is 
always taken in the short transverse 
direction, these values would be of little 
value in materials having anisotropic 
shear properties if the design shear 
direction is in a longitudinal or transverse 


eter. Punch shear tests were also made 
for comparison purposes. The range of 
useful values for ir is very limited. 
W/ 
From a practical standpoint a very short 
distance between the holes makes it 
difficult to mount the specimen for 
testing without damaging it. From a 
theoretical standpoint the simple ratio of 
ultimate shear strength 


bending yield strength 


calculated for the section must be greater 
than 1 to insure a shear failure. For 
wrought magnesium and aluminum a> 
6699 


y” value of 0.170 in. is satisfactory. 
For much smaller values of “y” the 
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TABLE 


problem of fragility becomes noticeable. 
For a distance y of 0.170 in. a practical 


minimum width 5 is about ? in 

The hole size in the range of ;4-in. 
to }-in. diameters has no apparent 
influence on shear strength. Distortion 
resulting from bending prior to shear was 
apparent in the specimens with larger 
size holes, therefore subsequent investi- 
gations were conducted with ¢-in. 
diameter holes. 

The results of varying thickness are 
shown in Table VI. All magnesium 
specimens taken from }-in.-thick 
AZ31A-O plate were effectively center 


samples since equal amounts were 
machined from each side. Again a 
decrease in specimen size gives an 


increase in apparent shear stress (Fig. 
10). The curve showing the effect of sheet 
thickness on the punch shear strength 
has the same curvature as that for the 
results of the single shear strength except 
that the punch shear curve is about 6000 
psi lower. The sheet single shear strength 
results show somewhat larger scatter 


VII.—SINGLE SHEAR AND PUNCH SHEAR STRENGTHS FOR ALUMINUM 


ALLOYS. 
| Nominal Shear Stress, 1000 psi 
Alloy | Thickness, | Single Shear 2, in. 
| . unc ear, 
| Single Shear in. Circumference 
2024-1 -T3 clad... ..[ 0 0.064 longitudinal | 0.750 0.155 43.2 43.2 
0.064 longitudinal 0.750 | 0.155 | 42.9 43.0 
0.064 longitudinal 0.750 | 0.155 43.7 = 
0.064 longitudinal 0.750 | 0.155 44.1 43.1 Avg. 
| 0.064 longitudinal | 0.750 | 0.155 | 42.0 —— 
0.064 longitudinal 0.750 | 0.155 44.1 ‘ 
0.064 longitudinal 0.750 | 0.155 44.4 
0.064 longitudinal 0.750 | 0.155 43.5 Avg 
7075-T6 bare...... 0.064 | longitudinal 0.750 | 0.155 | 50.2 50. 
0.064 | longitudinal 0.750 | 0.155 48.9 50.2 
0.064 longitudinal 0.750 | 0.155 51.4 
0.064 longitudinal 0.750 | 0.155 50.8 50 .25 Ave. 
0.064 longitudinal 0.750 | 0.155 50.7 
j longitudinal 5 .155 


H i . 
f 
) 
{ 
tie 
4 
Bi: 
in 
— 
4 | 
| | 50.1 Ave. | 
| 
° 


than that of single shear results for round 
specimens. 

Longitudinal and transverse shear 
directions appear to have equal shear 
strength based on these data. 

For two aluminum alloys, 2024-T3 
clad and 7075-T6 bare, a series of speci- 
mens were tested, and the results are 
shown in Table VII. No difference 
between single shear strength and punch 
shear strength was noted for these alloys 
when compared on the basis of equal 
thickness rather than equal area, thereby 
suggesting that the short transverse 
shear strength is significantly higher 
than the longitudinal shear strength. 

Punch shear results on the AZ80A-F, 
lot J, also show a significant size effect 
similar to that shown in Fig. 10 for the 
sheet. Average results of duplicate tests 
are 23,900 and 20,200 psi for §-in. and 
t-in. thick specimens, respectively. 


CONCLUSIONS 


All shear methods investigated show 
significant variations in apparent shear 
strength with changes in size of the shear 
specimens, the smaller specimens yielding 
the higher shear strengths. The con- 
ventional double shear method can be 
recommended for the testing of rivets or 
rivet wire since the application approxi- 
mates the stress concentrations en- 


countered in the test. 


d = minimum pin diameter 
T = tolerance between shear pin and holes 
in shearing plates (double shear jig) 


‘ = center shear plate thickness (double shear 
jig) 

S = shim thickness 

s = distance from shear plane to pin support 


R = } maximum diameter of pin 
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APPENDIX 


EXPLANATION OF SYMBOLS 


In designing for applications such as 
shear-resistant webs, or sheet fastener 
tear-out, the single shear results (round 
specimens or sheet) or notched double 
shear results are recommended over those 
obtained by punch shear, provided round © 
specimens are carefully and properly 
oriented with respect to directionality 
when tested. The notched specimens with 


an R value of 0.3 in either the single shear 


or double shear methods appear to give — 
the best approach to the true shear 
strength. Comparisons of the shear 
strengths of material should only be — 
made when the materials are tested under — 
exactly the same conditions. Specimen 
size and geometry, jig geometry, toler- 
ances and clearances, and wear of the 
shearing plates are all significant varia- 
bles in shear testing but can be satis- 


factorily controlled with reasonable 
care 
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N = notch depth 
C = distance between outside shearing plates 
minus center shearing plate thickness 
(double shear jig) 
r = notch radius 
a = notch angle 


W = width of sheet specimen 
= distance between holes in sheet specimen _ 
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Mr. H. W. Kieinprenst.'—In Fig. 3, 
the three s/R curves, 0.6, 1.0, and 0.9 
do not appear to be in a sequence. The 
1.0 seems to be out of place. Is there an 
explanation for that? 

Mr. R. W. FENN, JR. (author) —The 
value of 0.9 is a transcription error in the 
preprint. It should read 0.09. Reference 
to Fig. 8 shows the relationship of s/R 
ratio to shear values more clearly. 

Mr. Kiernprenst.—Is it possible to 
describe the machining of the sheet 
specimen? Are there any special pre- 
cautions to be taken, particularly at the 
holes? 

Mr. Fenn.—The holes were drilled 
with sharp drills and the aid of a steel 
template for alignment. No further 
finishing was utilized. 

Mr. 6 shows 
some shear stresses which begin roughly, 
they appear to be exactly at zero clear- 
ance. Were these tests made with any 
lubrication in the joints? Would a wet or 
dry lubricant make a difference in the 
results? 

Mr. Fenn.—There was no lubricant 
used in these particular tests. However, 


! Design Specialist, Engineering Research 
Section, Republic Aviation Corp., Farmingdale, 
Long Island, N. Y. 


DISCUSSION 


this probably would be a desirable pro- 
cedure. 

Mr. LAWRENCE S. LAzaAr.2—Is there 
a notch sensitivity effect, as noticed in 
fatigue testing, in the notch shear test? 
In his paper the authors mentioned 
varying the depth and radius of the 
notch. In this respect, was any work 
done with samples with very large radii? 

Mr. R. B. CLAPPER (author) —The 
curve from Fig. 9 indicates a notch effect 
with change in radii from 0.01 in. to 
about 0.06 in. radius. However, it is not 
clear whether the change in shear stress 
was the result of notch effect, bending 
effect, or a combination of both. A valid 
proof test to determine this is difficult to 
design. 

In the single-shear testing of the 
notched pins, radii were tested up to 3 
in., but it was quickly determined that if 
radii exceeded approximately jg in., 
the failure could no longer be identified 
as a shear fracture. This was the result 
of bending stresses becoming significant 
a short distance from the shear-force 
centerline. Deflection of the bar resulted, 
thereby rotating the original shear plane, 
unless the pin was stiff enough to prevent 
anything but small deflections. 


2 General Engineering Laboratory, General 
Electric Co., Schenectady, N. Y. 
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By J. NEILL GREENWOOD! 


CREEP-RUPTURE TESTS IN SHEAR OF CAST ANTIMONY-LEAD | 


SYNOPSIS 


A creep-rupture test has been developed in which a cylindrical pin of the 
alloy is sheared. The pins were machined from cast bars. Tests have been car- 
ried out over a temperature range from 0 to 100 C on alloys containing up to 
11 per cent antimony. A specially refined industrial lead (AAG) was used as 
the basis of the alloys. Short-time tension tests (straining rate 0.6 per cent per 


min) have also been made. 


The results have been plotted with stress against log time to fracture. Under 
short-time conditions the alloys appear much stronger than the pure lead. 
They rapidly lose this advantage as the life is increased by lowering the stress, 
the ratio for the 6 to 11 per cent alloy falling from 5 


to 2:1 (stress for 30 yr life). 


The work arose from the failure under 
field conditions of the sealing ring 
(11 per cent antimony-lead alloy) in an 
insulator on a power transmission line. 
The seal unites the porcelain insulator to 
a malleable iron cap and is cast into 
position. The annular seal is subjected 
to shear stresses imposed by the weight 
of the transmission cable. Some of these 
seals failed after about 12 months 
service. A tension test had been quoted 
as the basis for determining the load- 
carrying capacity. 

As the power line crossed country 
subjected to high sun temperatures, 
particularly in the stagnant atmosphere 
of enclosed gullies, the experiments were 
carried out over a wide range of tempera- 
tures, namely 0 to 100 C. 


MATERIALS AND METHODS 
The alloys were made from specially 


' Research Professor of Metallurgy, Baillieu 
Laboratory, University of Melbourne, Australia. 
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:1 (short-time tension test) | 


Antumony, per 0.0001 
. 0.0001 


400 C and poured into a steel mold — 
The rods were ;5 in. in | 


kept at 180 C. 
diameter and were turned to 0.25 


with the 6 per cent alloy cast to 7% in. 


diameter and turned to 0.5 in. No- 


significant difference was found). 

The alloys contained 1, 6, and 11 per 
cent antimony, respectively. Many 
casts of each nominal composition were 


made, and individual casts were checked 


by chemical analyses. 

The shearing unit consisted of two 

self-aligning links, the male part having 


. 0.00005 
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TABLE I.—VICKERS DIAMOND HARD- 
NESS NUMBERS (DIAMOND PYRAMID 


HARDNESS). 


| Range of Values Average 
| 3.5 to 4.2 4.0 
3.8... 6.3 to 7.8 7.0 
12.0 to 15.5 13.5 
15.5 to 18.0 16.5 


TABLE II.—AGE HARDENING OF 6 
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a clearance of 0.001 in. The test pin 
connected the links, and loading was 
through a 12:1 simple lever. 

For the tests at 0 C, the link assem- 
blage was surrounded by melting ice. 
For temperatures higher than atmos- 
pheric the units were placed in a box 
heated by a series of 15-w bulbs. The 
energy supply was controlled by a 
simmerstat. 

Tension test specimens were cast to 


PER CENT ANTIMONY ALLOY. shape in a steel mold. The castings were 
- + in. thick and were planed on both 
Time Range of Values, | ‘DpH. ides down to 0.15 in. thick. The speci- 
, Number mens were provided with 1-in. gage 
Mele 11 to12.5 | 11.5 lengths but as elongations were irregular 
10 to 12 10.5 they have not been reported here. The 
2 days........ 10.5 to 12 11.5 test specimens were strained at approxi- 
7én........ 12 to 13 12.5 mately 0.6 per cent per min, and the 
14 days....... 12 to 13 12.5 load could be read to the nearest 1 lb. 
28days.......| 14 to 16.5 15 The testing machine had been con- 
OO @aye........ 15 to 17.5 16 
ani J ___ structed especially for this kind of 
AAG Pb 
© | percent Sb 
+6percent Sb 
6000+ Silpercent Sb 
a 
% 4000} 4 
© 
a 


60 


100 


80 


Temperature, deg Cent 


Fic. 1.—Tensile Strength of Alloys at Different Temperatures. 
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Fic. 2.—Creep-Rupture Tests at 22 C. 
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Fic. 3.—Creep-Rupture Tests for Pure Lead. 
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work, and the ambient temperature 
could be controlled by an_ enclosed 
heating element. 

Hardness tests were made with the 
Vickers diamond indentor on _ cast 
machined tension test specimens. The 
load was 2.5 kg and the duration of 
loading 15 sec. The temperature was 
20 + 2C. 
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are given in Table II. It will be seen 
that no substantial hardening occurred 
until after 14 days. 


Tensile Strength: 


The values obtained for the several! 
alloys are plotted in Fig. 1. The slope 
of the curves in the higher region of 
temperatures is such that the strength 
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Fic. 4.—Creep-Rupture Tests for 1 per cent Antimony-Lead Alloy. 


Test RESULTS 
Hardness: 


The results given in Table I are from 
several specimens of each alloy. It will 
be seen that there is a general increase 
with antimony content. The solid 
solubility of antimony in lead falls from 
about 3.0 per cent at the eutectic tem- 
perature (247 C) to 0.24 per cent at 
25 C. It is probable therefore that alloys 
containing more than 1.0 per cent of 
antimony will exhibit age hardening. 
Two separate castings of 6 per cent 
alloy were therefore tested for hardness 
over a period of 60 days. The results 


wy. 


would be zero at the melting tempera- 
tures,—respectively 327, 300 and 247 C. 
It will be noted that at all temperatures 
the strength of the 6 per cent alloy is 
the same as that of the 11 per cent alloy. 
This is interesting in view of the hard- 
ness values given in Table I. 


Creep-Ruplture Tests: 


The results of the creep-rupture tests 
are plotted in Figs. 2 to 6. In Fig. 2 a 
comparison is made of the three alloys 
with the basis lead at 22 C. On the curve 
for pure lead, three values marked by 
crosses were obtained in_ tensile-creep 
tests of the same lead extruded. 
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In drawing the curves for the alloys 
cognizance has been taken of the curva- 
ture of the relationship for pure lead. 
It would have been possible to draw 


to zero stress at the melting temperature 


OD ON CREEP-RupTURE TEST 


oF LEAD 


for the respective alloys. In this way 
the terminal stresses for 10‘ days were 
smoothed out and the final extrapola- 


1250 f T T 
+ 
@ AAG Pb 
percent Sb 
+6 percent Sb 
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25 


Different Temperatures. 


straight lines through the points for the 
alloys, but this would lead to the un- 
reasonable result of expecting failure in 
finite times under no stress. 

With tests not extending beyond 100 
days, the extrapolation of the curves is 
obviously somewhat arbitrary. The 
course of the curves has, however, been 
determined by following what seemed 
to be the natural curvature. The terminal 
stresses for 10' days so obtained were 
then plotted for the several tempera- 
tures in Fig. 7. It is assumed that, as in 
Fig. 1. these curves could be extrapolated 
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TABLE 


YR LIFE. 


Alloy 


Pure lead. 

1 per cent 
mony 

6 per cent 
mony 

11 per cent 
mony 


75 
Temperature, deg Cent 
Fic. 7.—Stresses for Life of Ten Thousand Days (estimated) for Antimony-Lead Alloys at 
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tions made as shown in Figs. 3 to 6 in 
which the values for the respective 
alloys are given for a series of five tem- 
peratures. 


SUMMARY 


The results obtained have been uged 
to estimate the maximum stress which 
could be permitted on the sealing rings 
of the insulator concerned. As in all 
such cases, the engineer must fix what 
he considers a reasonable life, having in 
mind the conditions to which the part 
will be subjected. As an example, values 
have been estimated for a life of about 
30 yr. They would not be very different 
for 100 yr. These are given in Table ITI, 
and are compared with the tensile 


strength as determined in short-time 
tests. 


how unreliable the tension test is in a 
case like this. The alloys containing 6 to 
11 per cent antimony have a tensile 
strength approximately five times that 


of pure lead, yet the stress for a long - 


life is only about double. Also where 
the alloys are to be used in ambient 
temperatures higher than atmospheric 
the stress which can be used in design 
falls by about one-third fora rise of 30 C. 

It must be realized also, in applying 
the values of Table III, that the usual 
engineering practice of reducing the 
stresses by a factor of safety should be 
followed. 
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THE CORROSION PROPERTIES OF CHROMIUM-NICKEL-MANGANESE 
AUSTENITIC STAINLESS STEELS* 


By W. G. REensHAW! AND R. A. 


SYNOPSIS 


The chromium-nickel-manganese steels have been developed originally as a 
conservation measure for nickel. Their mechanical and corrosion properties are 
very similar to the chromium-nickel grades and are therefore important in the 
present economic circumstances with dwindling nickel availability. This paper 
deals with the corrosion properties of the chromium-nickel-manganese steels, 
AISI 201 and 202, and also some lower carbon and higher chromium grades. 
The influence of individual elements chromium, nickel, manganese has been 
investigated first and then the corrosion properties of the commercial analysis 
were evaluated in various corrosion media. The corrosion properties of sensi- 
tized material has been studied and in relation with this the carbide and ni- 

tride precipitation. 

Results of the investigation indicate that chromium content has a significant 
influence on general corrosion resistance, as shown by improvement of nitric 
acid resistance with increasing chromium to 20 per cent. Nickel provides an 
q additional improvement in resistance to general corrosion, and is especially 


effective in promoting resistance to localized attack. Manganese exerts rela- 
tively little influence through the range 3 per cent to 14 per cent covered in 
this work. 

Resistance of these steels to intergranular corrosion, like that of chromium- 
nickel steels, in the sensitized condition, can be increased by decreasing carbon 
content. Carbon is somewhat less critical in chromium-nickel-manganese steels 
and resistance to intergranular corrosion after short time sensitization is bet- 

ter than that of a chromium-nickel steel of the same carbon content. 


There have been many attempts in the 
past to replace the nickel in austenitic 
stainless steels with manganese or with 
manganese and nitrogen, especially dur- 
ing nickel shortages. The chromium- 
nickel-manganese steels in which only 
half of the nickel has been replaced by 
manganese and nitrogen have been very 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1The Authors are associated with the Alle- 
gheny Ludlum Steel Corp. Research Lab. 
Brackenridge, Pa. 
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successful in this respect; they combine 
good mechanical properties with corro- 
sion resistance equivalent to the chro- 
mium-nickel grades while accomplishing 
a net saving in nickel. The industrial im- 
portance of these steels has been recog- 
nized and they are expected to find an 
ever expanding field of application since 
the rate of increase in nickel production 
is exceeded by the rate of increase in the 
production of nickel-bearing alloys. 
Two of the chromium-nickel-manga- 
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nese steels have been given the AISI 
designation type 201 and 202 following 
the procedure for the 300 series and there 
are three other grades which do not have, 
up to this time, an AISI designation but 
which we will call throughout this paper 
type 204, 204L and 20-6-8 based on the 
nomenclature used for the 300 series. 
The nominal composition of these steels 
is shown in Table I. 

In spite of the fact that these steels 
are not new, only a limited amount of 
data on their corrosion properties is 
available. Franks, Binder, and Thomp- 
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applications involving either welding or 
stress relieving, this investigation was ex- 
tended to sensitized material in order to 
find the influence of carbon and nitrogen 
in wholly austenitic chromium-nickel- 
manganese steels. 


MATERIALS 


The steels used in this investigation 
were either from large production heats 
or from laboratory experimental heats. 
The production heats, designated by five- 
digit numbers, are all in the composition 
range shown in Table I. The laboratory 


TABLE I.—COM POSITION OF CHROMIUM-NICKEL-MANGANESE STEELS, PER CENT. 


Designation Carbon Manganese | Chromium Nickel Nitrogen 
ATS S01... ...--.- 0.15 max 5.50 to 7.50 16.0 to 18.0 3.5 to 5.5 0.25 max 
AISI 202....... 0.15 max | 7.50 to 10.0 17.0 t 019.0 4.0 to 6.0 0.25 max 
0.10 max | 7.50 to 10.0 17.0 to 19.0 4.0to6.0 | 0.25 max 
| eee 0.06 max | 7.50 to 10.0 17.0 to 19.0 5.0to7.0 | 0.25 max 
ere 0.10 max | 7.0 to 9.0 | 19.0 to 21.0 5.0to7.0 | 0.25 to 0.35 


* Not standard AISI type. 


son® have reported boiling 65 per cent 
nitric acid data and 10 per cent sulfuric 
acid results for experimental chromium- 
nickel-manganese heats with 15 to 18 
per cent chromium. 

It is the purpose of this paper to eval- 
ate the corrosion resistance of chro- 
mium-nickel-manganese_ steels under 
strongly oxidizing conditions, under in- 
termediate corrosive environments, and 
under localized conditions, and to em- 
phasize the influence which chromium, 
nickel, and manganese exert. Thus the 
data presented here should provide valu- 
able knowledge regarding the standard 
types 201 and 202 as well as indicate 
some composition with improved corro- 
sion resistance for certain more severe 
environments. 

Since resistance to intergranular cor- 
rosion is vitally important, especially in 


2 R. Franks, W. O. Binder and J. Thompson, 
“Austenitic Chromium-Manganese-Nickel Steels 
Containing Nitrogen,” Transactions, Am. Soc. 
for Metals, Vol. 47, (1954). 


heats are of standard composition and 
also of nonstandard composition such as 
required to determine the influence of 
various elements on the corrosion prop- 
erties. 

In order to be able to hot-roll large in- 
gots of austenitic steels they have to be 
austenitic up to approximately 2300 F. 
For this reason, the composition of the 
steels used throughout this paper was 
balanced in order to have a completely 
austenitic structure at least up to 2300 F. 
A high nitrogen content is required in all 
chromium-nickel-manganese steels for 
this purpose. Whenever a small amount 
of delta ferrite was present, in the case of 
an experimental heat with low nickel, it 
was so specified. 

All the specimens were taken from 
sheet 0.06 to 0.10 in. thick, annealed at 
1950 F followed by air cooling. 


METHODS 


To obtain complete knowledge of the 
behavior of the stainless steels under a 
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wide variety of corrosive environments 
by laboratory tests would be an endless 
task. However, certain selected tests 
have proven valuable in the investiga- 
tion of new materials. Among these the 
boiling 65 per cent nitric-acid test repre- 
sents strongly oxidizing acid conditions. 
Its use can also illustrate the contribu- 
tion of individual elements like chro- 
mium, nickel, and manganese on the cor- 
rosion resistance. All materials covered 
in this discussion have been tested in this 
medium. Specimens 1 by 2 in. were pre- 
pared from annealed sheet material with 
all of the edges machined to remove shear 
strain. The procedure followed was that 
covered in ASTM Recommended Prac- 
tice A 262.° In addition, sensitized sam- 
ples were tested by this method in a 
study of resistance to intergranular cor- 
rosion, and also in the copper sulfate - 
sulfuric acid solution in accordance with 
ASTM Recommended Practice A 393.4 

For intermediate conditions, a boiling 
glacial acetic acid test and a boiling 10 
per cent phosphoric acid solution have 
been used to illustrate neutral or mildly 
oxidizing acid environments. In both of 
these, type 304 shows very good resist- 
ance, and any material which exhibits 
high rates of attack under these condi- 
tions would probably be resistant only in 
very mild environments. The boiling 
glacial acetic test was conducted for five 
48-hr periods in flasks fitted with reflux 
condensers. In some instances specimens 
were placed in the vapors as well as in 
the liquid to determine susceptibility to 
pitting in acetic vapor. The boiling 10 
per cent phosphoric acid test involved 
2-hr exposure to 10 per cent by weight 


3 Tentative Recommended Practice for 
Boiling Nitric Acid Test for Corrosion-Resisting 
Steels (A 262-55T), 1955 Book of ASTM 
Standards, Part I, p. 1108. 

4 Tentative Recommended Practice for Con- 
ducting Acidified Copper Sulfate Test for 
Intergranular Attack in Austenitic Stainless 
Steel (A393-55T), 1955 Book of ASTM 
Standards, Part I, p. 1135. 
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solution in reflux condensers. All speci- 
mens were activated in warm (140 F) hy- 
drochloric acid solution prior to the tests, 
so that the chromium-nickel-manganese 
steels could exhibit their ability to be- 
come passive under mildly oxidizing or 
neutral conditions. 

This inherent ability to attain a pas- 
sive condition is governed by composi- 
tion and conditions of exposure. When 
artificially activated specimens are used 
in tests, it usually can be assumed that 
the metal should be completely resistant 
to attack if they become passive and 
remain so during the test in the corrosive 
medium. 

Other intermediate category solutions 
used for tests on selected heats included 
concentrated sulfurous acid liquid and 
vapors at room temperature, and 10 per 
cent citric acid at 200 F. Aggressive or- 
ganic acids of a reducing and neutral 
nature were represented by 10 per cent 
oxalic acid at 200 F and boiling 50 per 
cent lactic acid, respectively. Specimens 
1 by 2 in. were employed in all tests. 
Specimens were exposed for 2 hr in the 
hot solutions whereas the sulfurous acid 
exposure was continued for 28 days. All 
of these tests represent specialized cases 
where organic acids of oxidizing or neu- 
tral nature, or inorganic acid of a reduc- 
ing nature are involved. In some of these, 
such as sulfurous acid vapor, 18-8 steels 
may be subject to pitting, and the test 
was selected to learn whether steels with 
high manganese might offer better cor- 
rosion resistance. No aeration or agita- 
tion was used in any of these. 

For the study of the resistance to lo- 
calized attack, the 20 per cent salt spray 
and boiling 42 per cent magnesium- 
chloride tests were employed. While nei- 
ther of these tests produce results which 
can be compared numerically, the salt- 
spray test can be useful in illustrating the 
influence of various elements on the de- 
gree of resistance to pitting by chlorides. 
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The boiling magnesium-chloride test is 
capable of determining whether any 
given composition is resistant to stress 
corrosion cracking. 

The 20 per cent salt-spray test in- 
volved exposure to a 20 per cent by 
weight salt fog at 95 F. All samples were 
placed at 15 deg. from the vertical, facing 
the source of the spray for 100 hr. Speci- 
mens 6 by 6 in. were used. 
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classes of environments. All solutions 
were prepared with cp salts or acids, and 
behavior may vary where contaminants 
are present. 


INFLUENCE OF VARIOUS ELEMENTS 
In order to investigate properties im- 
parted by chromium, nickel, and man- 


ganese, each element was varied over cer- 
tain ranges, keeping the other two at 
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Fic. 1.—Influence of Nicke! Content on Nitric Acid Corrosion Rates at 17 per cent and 20 per 


cent Chromium Levels. 


For the study of stress corrosion, boil- 
ing 42 per cent by weight magnesium 
chloride (boiling point 309 F) was em- 
ployed, using reflux condenser assem- 
blies. Specimens 1 by 6 in. were bent into 
a U-shape and stressed by applying ten- 
sion with bolts through holes located 3 in. 
from each end. 

Not all compositions were tested under 
all conditions discussed above, but suffi- 
cient data have been obtained to show 
significantly the influence of various ele- 
ments, and to point out suitable analyses 
for best corrosion resistance in different 


constant levels. This was done to justify 
the selection of specific analyses possess- 
ing optimum mechanical and corrosion- 
resistant properties. 


Influence of Nickel: 


Of the three elements which have been 
varied in this investigation, nickel ap- 
pears to be very important for it has a 
beneficial effect in strongly oxidizing en- 
vironments as well as under localized pit- 
ting conditions. The boiling nitric-acid 
test, which represents very severe oxi- 
dizing conditions, shows a marked im- 
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provement in corrosion rates as nickel is 
increased from 2 per cent to 6 per cent. 
The results are given in Table II and 
plotted in Fig. 1, with chromium-nickei- 
manganese steels having 17 per cent anu 
21 per cent chromium. 

Previous studies of chromium-man- 
ganese steels with 1 per cent nickel® have 
shown corrosion rates about 4 to 6 times 
those of 18-8 steels. It can be seen by in- 
spection of Fig. 1 that at 17 per cent 
chromium, significant improvement can 
be obtained as nickel is increased from 2 
per cent to 3 per cent. From this point 
the corrosion rates drop rapidly as nickel 
increases to 4 per cent and then decrease 
more slowly beyond this point. If this 
curve were extrapolated to 8 per cent, it 
would correspond closely to the value for 
type 302. 

At the 20 per cent chromium level, the 
benefit of increasing nickel is not as pro- 
nounced, but in this case all corrosion 
rates are much lower due to the higher 
chromium. Data for the heat DU21 with 
20 per cent chromium, 9 per cent man- 
ganese and 5.5 per cent nickel show it to 
be comparable to 18-8 steel in boiling 
nitric acid. This illustrates that a com- 
position is available with corrosion re- 
sistance considerably better than that of 
type 202, and practically as good as that 
of type 304 under severe conditions usu- 
ally extant in chemical industry applica- 
tions. Such a material would at the same 
time save several! per cent of nickel. 

Where corrosive applications of a less 
severe nature are involved, data indicate 
that types 201 or 202 would be more than 
adequate under most circumstances. 
Heat DF77, a type 204 heat, has about 
twice the nitric acid corrosion rate of 
type 304, but it could still be expected 
that such a composition would show very 
good resistance to less aggressive media. 


5R. A. Lincoln, “Nickel Restrictions Bring 
Use of New Stainless Steels,’”’ Jron Age, Vol. 171, 
No. 20, May 14, 1953, p. 129. 
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Table III summarizes data in interme- 
diate conditions and in organic acids. 
The intermediate and _ nonoxidizing 
media typified by acetic, sulfurous, 
phosphoric, and citric acids produce 
no significant attack with the type 202 
composition. 

The influence of nickel on corrosion re- 
sistance in these intermediate nonoxidiz- 
ing solutions is negligible in the composi- 
tion limits covered. Even a 17 per cent 
chromium, 2 per cent nickel analysis 
(ED40) shows extremely low corrosion 
rates. In some of the stronger organic 
acids where the chromium-nickel-man- 
ganese steels are appreciably attacked, 
nickel variation still shows little influ- 
ence on corrosion resistance. For exam- 
ple, within the limits of 2 per cent to 6 
per cent nickel no improvement in corro- 
sion resistance was obtained in hot oxalic 
solution. Even type 304 is subject to at- 
tack under these conditions. Chromium, 
nickel, manganese steels might be useful 
where type 304 has been successfully 
used with certain oxalic acid environ- 
ments. In boiling lactic acid, there does 
not appear to be any advantage in in- 
creasing nickel from 2 per cent to 6 per 
cent when chromium content is 17 per 
cent. However, indications are that a 
high nickel and chromium content (heat 
DU21) improves resistance to this boil- 
ing lactic solution so that a composition 
even better than type 304 is available. 
Nickel alone cannot accomplish this as is 
evident in the case of 15 per cent chro- 
mium, 6 per cent nickel, manganese 
steels which are severely attacked. 

The influence of nickel is important in 
cases where localized attack or pitting 
occurs. There are many such instances 
where type 304 can be employed success- 
fully. The 20 per cent salt-spray test 
offers a comparison of behavior among 
chromium-nickel-manganese steels, and 
also with type 304 under conditions 
which are conducive to localized attack. 


rll 
4 
» 
| 


— 
— 
Z 
Z, 
< 
< 
n 
Z 


SELS 


ss STE 


‘gounysisay Avidg- 
IN IN 66 
096! AD 09°61 


Wes UO 


UN 
IN 
ID 


UN 


I 


N 


Lol 


873 
i. 
= 
~ 
peat! 


B74 ‘ RENSHAW AND LULA ON 


A photograph is best for summarizing the 
results. Figure 2 illustrates the influence 
of nickel in 17 per cent, chromium, 10 
per cent manganese, nickel and 20 per 
cent chromium, 10 per cent manganese, 
nickel steels. The beneficial effect is much 
less evident at a 17 per cent chromium 


CORROSION OF STAINLESS STEELS 


TABLE IV.—INFLUENCE OF MANGANESE ON NITRIC ACID CORROSION RATES OF 
17 PER CENT CHROMIUM-NICKEL-MANGANESE STEELS. 


salt-spray test, pointing to the necessity 
for chromium also. 

In general, results point to the same 
conclusions regarding nickel that usually 
are mentioned with chromium-nickel 
steels, namely, that it tends to promote 
or stabilize the passive state, and offers 


Composition, per cent 


Corrosion Rate, in. per month 


ar- ro- Nick- verage 
bon and eel el a Ist | 2nd 3rd 4th Sth of five 
0.0017\ {0.0015 {0.0017 0.0017\|{0.0015\| {0.0016 
DF76..... 0.066 0.0018} 0.0016/ 
0.0023) {0.0019 
DF78..... 0.054| 9.45|17.37/4.04! .057 | 
\0.0023/ 
-13/\ 9 0018) (0.0021 
| 0.0022 0.0018 0.0017 | 0.1018)\|{0.0019)| {0.0019 
59518... .|0.12 
| 
| | 0.0019\ {0.0017)| /9.0016\| {0.0017\| {0.0017 0.0017 
25811... . ./0.10 10.08 0.0020 0.0017 0.0017} 0.0018 | 0.0018 
0.0021 || /0.0019)| 
DE20 
| 0.0021/ \0.0020/ \0.0019/ \0.0018/|\0.0018/)\0.0019 
DQ31..... 0.12 |12.10|17.74/3.89.0.23 | 
0.0023 \0.0020/| \0.0020/|\0.0019/| \0.0021/|\0.0021 
| 0.0022) 
-0022\| /0.0018)| 0.0018 
DQ47 .|0.10 { | 
0.0023 /)|0.0019/ 
. 950.16 9 0029/\\0.0025/ 10.0025/ 10.0024 /|\0.0023/ 10.0025 
| ee 7 | 
{0.0030) (0.0026)! /0.0027) {0.0024}! 0.0026) | fo.0027' 


level than at 20 per cent chromium. In- 
creasing nickel from 2 per cent (heat 
ED42) to 5.5 per cent (heat DY35) 
causes a pronounced improvement in 
salt-spray resistance, with behavior 
equalling type 304 under these same con- 
ditions of 100-hr exposure. It is empha- 
sized, however, that nickel itself is not 
wholly responsible for salt-spray be- 
havior. A 15 chromium, 6 nickel, 9 man- 
ganese heat (ED36) shown later in Fig. 6 
is seriously pitted and attacked in the 


benefit under localized conditions of cor- 


rosion. 
4 


The question of manganese in these 
steels is obviously an important one, 
since this is the element which has been 
increased many times over the amount in 
which it is present in chromium-nickel 
steels. 

The nitric acid data are given in Table 
IV and Fig. 3. Fourteen heats containing 
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0.0036 


0.0032 


0.0028 


0.0024 


0.0020 


00016 


T 


0.0012 


0.0008 


T 


0.0004 


65 percent Nitric Acid Corrosion Rate, in. per Month 


TABLE V.—INFLUENCE OF MANGANESE 
MEDIATE CONDITIONS 


6 8 10 


12 14 16 


Mongonese, per cent 


18 


Fic. 3.—Influence of Manganese on Nitric-Acid Corrosion Rates of 17 per cent Chromium, 4 
per cent Nickel; Manganese Steels. 


ON CORROSION RATES UNDER INTER- 
AND IN ORGANIC MEDIA. 


Heat 


Composition, per cent 


Boiling, Glacial-Acetic, 
in. per month 


Sulfurous Acid, 


G Loss in 28 days 


Car- | Man- | chro-| Nick- 
bon ganese | mium | el gen 


DM3z2.... 
DM35.... 
DQ47.... 


ED56.... 


0.090 3.80 17 
0.023 5.5817 
7.93.17 
0.10 |10.04:17 
0.10 (13.4417 


-71,17 


0.066 


0.10 17 


.744.07,0.12 
-884.150.15 
.424.000.11 
.36.4.03 0.13 


.283.97,0.16 
.25 3.91.0.17| 


Liquid Vapor 


0.00015 0. 0016° 
0.00014 (0.0007° 
0.000782 0.000302 
0.00021 (0.0010 


0.00029 
| 


Liquid 


Vapor 


Nil Nil 
Nil 0.0001 


0.0002 0.0002 
0.0002,0.0004 


Nil Nil? 


Boiling, 10 | Boiling, 


per cent cent 
Phosphoric ctic 
cic Acid, 
in. per in. per 
month | month 
Nil | ... 
Nil 0.0340 


Nil 0.0327 
Nil 0.0304 
0.00019 


(0.00028) 0.1131 
(0.00031) 


* Two periods. 
Pitting. 


17 per cent chromium and 4 per cent 
nickel with manganese from 3.80 per cent 
to 17.71 per cent were included. Results 
show a very gradual increase in corrosion 
rates with increasing manganese content, 
times from the low to 
the high end of the manganese range. It 
appears that higher corrosion rates found 
with the chromium-manganese steels 


slightly over 13 


with no nickel are probably due to the 
absence of nickel rather than the high 
manganese content. 

In other corrosive media such as boil- 
ing glacial acetic acid, boiling 10 per cent 
phosphoric acid, and boiling 50 per cent 
lactic acid, manganese does not improve 
corrosion resistance nor harm it. 
very low rates in 10 per cent phosphoric 
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acid even at 17.71 per cent manganese 
indicate a passive condition. These are 
shown in Table V. 

Resistance to localized attack does not 
vary any extent over the manganese 
range covered. The photograph in Fig. 4 
shows that a 17-per cent manganese heat 
behaves practically the same as the 6- 
per cent manganese heat. None of the 
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minimum of 2 per cent and a maximum 
of 5.5 per cent. This was done to deter- 
mine whether nitric acid resistance com- 
parable to 18-8 steel could be attained by 
increasing chromium much higher than 
it occurs in type 202. It is necessary to 
increase nitrogen content above 0.25 per 
cent if chromium is increased above 17 
per cent, in order to maintain an auste- 


65 per cent Nitric Acid Corrosion Rate, in. 
per Month 


17 


18 


Chromium, per cent 


Fic. 5.—Influence of Chromium Content on Nitric-Acid Corrosion Rates of Chromium-Nickel- 


Manganese Steels at 2, 4, and 5.5 per cent Nickel. 


three specimens shown are as resistant 
as type 304 to salt spray. 


Influence of Chromium: 


Chromium would be expected to con- 
tribute largely to corrosion resistance of 
the chromium-nickel-manganese steels, 
especially under oxidizing conditions. 
This section deals with the influence of 
chromium and shows how its beneficial 
effect may or may not be vitiated by in- 
creasing manganese and decreasing 
nickel. 

The results of the nitric acid tests are 
a very good indication of behavior under 
oxidizing conditions, where chromium 
has a pronounced significance. Figure 5 
deals with the different analyses listed 
in Table VI. There are three different 
nickel levels shown, corresponding to 


nitic structure. The data also show that 
nitrogen does not seriously harm nitric 
acid resistance in the annealed, solution- 
heat-treated conditions. Manganese is 
constant in all these compositions. 

The results illustrate a definite im- 
provement in corrosion resistance as the 
chromium content is raised, regardless of 
the nickel level. It can be seen that with 
only 2 per cent nickel it would be impos- 
sible to approach behavior of an 18-8 
steel even with very high chromium con- 
tent. A 20 chromium, 2 nickel, 10 man- 
ganese steel is equal or even slightly in- 
ferior to a type 202 steel. On the 5.5 per 
cent nickel curve it is apparent that be- 
havior in nitric acid comparable to type 
304 is readily attained at 20 per cent 
chromium. At the other end of this curve 


a 15 per cent chromium steel shows nitric — 
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acid loss only 3 to 4 times that of type 
304. These are as good as the best type 
430 and superior to average type 430. 
These data lead to the suggested analy- 
sis of 20 per cent chromium-6 per cent 
nickel-8 per cent manganese as an opti- 
mum composition with corrosion and me- 
chanical properties like those of type 304. 
The advantages of this composition for 
other corrosive conditions are illustrated 


in Table VII. 


881 


mium -nickel- manganese steels offer 
good resistance. All three of these con- 
tain 19.6 per cent or more chromium. 
Indications are that performance in this 
instance is governed by chromium con- 
tent, and these high-chromium-chro- 
mium -nickel-manganese steels excel 
type 304 for this reason. However, even 
20 per cent chromium is not sufficient to 
obtain satisfactory resistance to hot 
oxalic acid, but this still does not repre- 


Oo 
Oo 


oO 


13 14 15 


Chromium, per cent 


16 \7 18 19 20 2i 


Fic. 7.—Comparative Nitric Acid Resistance of Chromium-Manganese, Chromium-Nickel- 


Manganese, and Chromium-Nickel Steels. 


The data in Table VII show no marked 
effect of chromium between 17 per cent 
and 20 per cent under intermediate con- 
ditions in the acetic acid and sulfurous 
acid test. When chromium contents fall 
below 17 per cent, results show increased 
rates of attack in acetic acid (refer to 
heat ED36, Table III). Further, the 15 
per cent chromium (ED55) steel is at- 
tacked by boiling 10 per cent phosphoric 
acid and 10 per cent citric acid at 200 F, 
both rather weak corrosive media. 

In the stronger organic acids, such as 
boiling 50 per cent lactic, three chro- 


sent inferiority to type 304 which also is 
susceptible to attack under these condi- 
tions. 

The superior properties of 20 per cent 
chromium-6 per cent nickel-10 per cent 
manganese steels in environments which 
promote localized attack are shown in 
salt spray tests pictured in Fig. 6. It can 
readily be noted that increasing a- 
mounts of chromium improve the salt- 
spray resistance. However, it does not 
have sufficient ability to accomplish this 
without the aid of nickel. While improve- 
ment over a type 202 is realized with a 20 
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chromium, 4 nickel, 10 manganese steel, 
this higher chromium analysis is still less 
resistant than type 304. With 6 per cent 
nickel, the 20 chromium, 6 nickel, 8 man- 
ganese steel shows excellent salt-spray 
resistance. 

Based on these data, a 20-6-8 steel 
would probably be suitable for any se- 
vere applications presently handled by 
type 304. 


COMPARISON OF EXISTING CHROMIUM- 
‘MANGANESE, CHROMIUM - NICKEL - 
‘MANGANESE AND CHROMIUM-NICKEL 
GRADES 


Although the influence of the three 
elements—chromium, nickel, and man- 


TABLE IX.—COMPOSITION OF 17-4-10 
CHROMIUM, NICKEL, MANGANESE 
HEATS TESTED FOR INTERGRANULAR 
CORROSION IN TABLE X AND FIG. 8. 


eit | 
= = 
Sis | Z, 
0.017 10.13.0.28,17.364.0 0.26 
25350....... 0.023 10.35 0.5617.36 4.970.20 
DG64.......| 0.040 08.33.0.47 18.19 4.08 0.15 
DTTGA..... (0.050 09.96 0.27|17.86 3.92,0.22 
0.066 07.93:0.14 17.424.000.11 
0.069 09.90,0.30 17.72\3.91|0.2) 


Pile... 0.090 09.86 0.26/17 .63 3.97/0.21 


ganese—have been discussed, such in- 
formation can be made more useful by 
comparing the standard types 201, 202, 
and 304 with a straight chromium, man- 
ganese steel and with the special 20-6-8 
analysis. This will establish the position 
of chromium-manganese steels, show 
why nickel is essential, and indicate 
what can be done to equal type 304 for 
severe environments. 

Figure 7 represents the relative posi- 
tions of these various steels based on 
nitric acid corrosion tests. This particu- 
larly illustrates the advantage of steels 
containing 4 per cent or more nickel, with 
chromium content of 17 per cent or more. 


These steels, which are now standard 
types 201 and 202 also possess mechani- 
cal properties equivalent to their respec- 
tive chromium-nickel counterparts types 
301 and 302. 

Table VIII covers a summary of cor- 
rosion tests in nitric acid as well as other 
media. These indicate that a type 201 or 
202 would probably be satisfactory for 
all applications now handled by Types 
301 and 302. It should be mentioned here 
that the 15 .chromium-14 manganese-1 
nickel steels are suitable for certain in- 
termediate conditions, such as_ those 
where type 430 has been used. 

For conditions involving welding or 
extreme corrosive environments where 
type 304 is now employed, two alterna- 
tives may be used: Types 204 or 204L 
with 0.10 per cent maximum carbon and 
0.03 per cent maximum carbon respec- 
tively would be suitable where welding 
is required and the 20-6-8 analysis should 
complete the picture where superior cor- 
rosion resistance is needed. It equals type 
304 in boiling nitric acid and the salt- 
spray test and even excels type 304 in 
boiling 50 per cent lactic acid. This im- 
proved 20-6-8 composition also possesses 
mechanical properties the same as type 
304. Its use would still enable a saving of 
3 per cent or 4 per cent nickel. : 


INTERGRANULAR CORROSION 


The chromium - nickel - manganese 
steels, similar to the plain chromium, 
nickel steels, are subject to intergranular 
corrosion if heated in the 1000 to 1600 F 
temperature range. Since carbon is the 
controlling factor for this phenomenon, 
a group of heats with increasing carbon 
content from 0.017 to 0.10 per cent 
shown in Table IX were sensitized for 
various lengths of time at 1200 F and 
then tested in the standard 65 per cent 
boiling nitric acid and acidified copper 
sulfate tests. The results are tabulated 
in Table X and plotted in Fig. 8 as cor- 
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rosion losses versus sensitizing time. A 0.023 per cent carbon respectively, and 
short sensitizing time of 45 min at 1200 F_ _even these failed in the nitric acid test 
cannot produce intergranular corrosion but passed the copper sulfate test in the 
in any of the heats tested. Two hours same manner as types 304L and 347, It 
sensitizing does not produce intergranu- appears from these results that the be- 
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TABLE X.—RESULTS OF COPPER SULFATE AND BOILING NITRIC ACID TESTS ON 
CHROMIUM-NICKEL-MANGANESE STEELS SENSITIZED AT 1200 F. 


Boiling 65 per cent Nitric Test, Period, in. per month® 


at T ‘ Copper Sulfate 
Heat Heat Treatment Average Test 
‘ Ist 2nd 3rd 4th 5th of 
ve 


IT87-3... | As Annealed........ 0.0017 0.0016 0.0017 0.0016.0.0016 0.0016) Passed 


1200 F—45 min..... 0.0016 0.0017 0.0016 0.0017,0.0016 0.0016] Passed 
1200 F—2 hr....... 0.0017 0.0017 0.0016 Passed 
| 1200 F—24 hr... {0.0021 0.0068,0.0075) Passed 
1200 F—100 hr... .. (0.0030 0.0095) E ... | Passed 
25350...... | Ae Anneaied........ (0.0016 0.0016 0.0016 0. 001510. 0017|0.0016 Passed 
| 1200 F—1 hr. . . . .,0.0015,0.0017 Passed 
1200 F—2 hr........ (0.0016 0.0018 0.0021 0.00220. 0024'0.0020 Passed 
1200 F—24 hr... ... | . ... | Passed 
DG64...... | As Annealed........ Passed 
1200 F—2 hr... .|0.0022|0.0018 0.0017,0. 0018 0. 0021/0.0019| Passed 
| 1200 F—24 hr. . . . 0.0032|0.0057/0. 0076 0. 0108 0.0135 0.0081| Failed 
DT78A....| As Annealed........ 0.00170. 0016 0 0.0017| Passed 
1200 F—45 min..... 0.00170. Passed 
1200 F—2hr....... 0.0019)0.00 0.0021 Passed 
1200 F—100 hr... . .|0.040 = | | Disintegrated 
| | 
DF76...... | As Annealed ........ (0.0016 0.0016 0.0015\0.0016| Passed 
1200 F—2 hr....... 0.0015,0.0020 0.0025,0.0034 0.0041/0.0027| Failed 
| 1200 F—24 hr...... (0.0041 0.0065 0.0093 0.0153 0.0248/0.0120 Failed 
DT78B....\| As Annealed........ '0.0019 0.0018'0.0017 0.0017 0. 001710. 0017} Passed 
1200 F—45 min..... (0.0019,0.0019 0.0019 Passed 
| 1200 F—2 hr....... 0.0021 0.0024 0.0033.0.0105| ... Failed 
| 1200 F—24 hr...... 0.0288} ... | ... | ... | ... | ... | Disintegrated 
| 1200 F—100 hr... . .|0.0447 Disintegrated 


DT78C....| As Annealed........ 0.0018 0.0018.0.0018 0.0018 0.0018.0.0018| Passed 
4990 F—45 min. .... 0.0020 0.0025 0.0032 0.0039 0.0040.0.0031| Passed 
1200 F—2 hr....... 0.0028 0.0043,.0.00590.0175 ... Disintegrated 
1200 F—24 hr......0.0355) ... | ... | ... | ... | ... | Disintegrated 
1200 F—100 hr... 0.056 | | | | Disintegrated 


* Average of duplicate specimens. 


lar corrosion in the heats up to and in- havior of the chromium-nickel-manga- 
cluding 0.050 per cent carbon. The other nese steels of nominal composition 17 
heats with 0.066 per cent and higher car- chromium, 4 nickel, 10 manganese from 
bon content failed in both tests. A 24- the intergranular corrosion standpoint 
and 100-hr sensitizing time produced in- are very similar to the regular chromium- 
tergranular corrosion in all heats, except nickel grades. Lowering the carbon con- 
DT87 and 25350 with 0.017 per cent and tent prevents intergranular corrosion 
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OT78-C 

(0.091C) 
OT 78-8 
(0.069C) 


- 


OT78-A 


(2.0506) 


(0017¢) 


@ Average of 3 
| Period Only 


10 100 
Sensitizing Time, hr 


65 percent Nitric Acid Corrosion Rate, in. per Month 


Fic. 8.—Effect of Sensitizing Time at 1200 F on Nitric Acid Losses of 17-4-10 Chromium-Nickel- 
Manganese Steel With Varying Carbon Contents. : 


£ 
c 
° 
= 
£ 
o 
= 
x 
c 
2 
° 
° 
= 
a 
c 
a 
o 


4 O Passed in 5 Periods 
@ @Failed in Less than 
5 Period 


—" 1 1 1 1 
O OO!I 002 003 004005 006 007 008 009 O1IO 
Carbon, per cent 
Fic. 9,—Comparison of 17-4-10 Chromium-Nickel-Manganese With 18-8 Chromium-Nickel 
Steel in 65 per cent Nitric-Acid Test, Samples Sensitized 2 hr at 1200 F. 
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but only in shorter sensitizing time. The 
low-carbon chromium-nickel-manganese 
steels can pass these corrosion tests after 
sensitizing 1 hr at 1200 F. In 24-hr sensi- 
tizing time, even the low-carbon com- 
position shows intergranular corrosion, 
as is the case with types 304L and 347. 


TABLE XI.—COMPOSITION OF 20-6-8 
CHROMIUM, NICKEL, MANGANESE 
HEATS TESTED FOR INTERGRANULAR 
CORROSION IN TABLE XII. 


Heat 


Manganese 
Chromium 
Nitrogen 


DU21 


0.030 0.41'9.00 20.01 5.50,.0.20 
DU10........|0.032 0.52/9.16 19.37 5.50.0.40 
DW39.......|0.11 0.39/9.45 18.55 5.460.32 


TABLE XII.—RESULTS OF BOILING 


NITRIC-ACID AND COPPER-SULFATE 
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1200 F. From this figure it seems that 
the maximum carbon content of the 
chromium-nickel-manganese steels cor- 
responding to the 0.03 per cent maximum 
in chromium - nickel steels is between 
0.05 and 0.06 per cent. 

In order to investigate the inter- 
granular corrosion resistance of the 
higher chromium and nickel alloys of 
the nominal composition designated 20- 
6-8, the heats shown in Table XI were 
sensitized and tested in 65 per cent 
boiling nitric and in acidified copper 
sulfate. The results are given in Table 
XII. Heats DU10 and DU21 with 
0.030 and 0.032 per cent carbon respec- 
tively are immune to intergranular cor- 
rosion after being sensitized 2 hr at 


TESTS 


FOR 20-6-8 CHROMIUM-NICKEL-MANGANESE HEATS SENSITIZED AT 1200 F. 


Heat 


Heat Treatment 


Boiling 65 per cent Nitric Test Period, in. per month* 


Copper 


ist | 2nd 


Sulfate 
Sth Average Test 


3rd 4th of five 


As Annealed 


1200 F—24 hr.......|0.0071 
1200 F—100 hr 0.0077 


.0014 0.0011 
-0017 0.0017 
1200 F—2 hr......../€.0020,0.0021 


0.0011 
0.0017 
0.0024 


Passed 
Passed 
Passed 
Failed 
Failed 


0.0011 
0.0017 
0.0023 


0.0011 
0.0016 
0.0024 


0.0012 
0.0017 
0.0022 


1200 F—100 hr 


| 
As Annealed 0.0011}0.00080\0 .00084/0 .00081)\0 .00082 0.00087| 
1200 F—1 hr........|0.0011|0.0011 


1200 F—2 hr... .... .0.0012/0.0011 | 
1200 F—24 hr... ....|0.0019|0.0063 |... 


0.0024/0 .0075 


Passed 
0.00080 0 .00086)0.00086|0.00093 Passed 
Passed 
Failed 
Failed 


1200 F—1 hr 


As Annealed.........! 0.0013/0.0011 
0.0027 0.0454 


Passed 
Failed 


0.0010 |0.0012 |0.0015 0.0012 | 


@ Average of duplicate specimens. 


_ The carbon content seems to be less 
critical in the chromium-nickel-manga- 
nese steels than in the chromium-nickel 
grades, as can be seen in Fig. 9 where 
the corrosion losses in 65 per cent nitric 
acid have been plotted versus carbon 
content for chromium-nickel-manganese 
as well as chromium-nickel steels. The 
data for chromium-nickel steels were 
obtained in the Allegheny Ludlum Re- 
search Laboratory on commercial 304L. 
The sensitizing time used was 2 hr at 


1200 F but fail in both tests after a 24-hr 
sensitizing time. Heat DW39 with 0.011 
per cent carbon is susceptible to inter- 
granular corrosion after 1 hr at 1200 F 
and it was not found necessary to 
lengthen the sensitizing time. It seems, 
therefore, that sensitized 20-6-8 chro- 
mium-nickel-manganese steels, behave 
in the same way as the 17-4-10 chro- 
mium-nickel-manganese steels, although 
no attempt was made to find whether 
the critical carbon content is the same. 


¥ 
| 
. 
4 vie 
DU10.... 
j 
he 
4 
4 
‘ 


All the sensitized samples have been 
examined microscopically. Heat DT87 
with 0.017 per cent carbon and 0.26 per 
cent nitrogen is free of grain boundary 
precipitate even after 100 hr at 1200 F 
as shown in Fig. 10. Grain boundary 
precipitation is found in higher carbon 
material. Heat DG64 with 0.040 per 


cent carbon and 0.15 per cent nitrogen 
shows no carbide precipitation in 2 hr, 
but in 24 hr a discontinuous grain 
boundary precipitate forms. In the other 
heats with higher carbon content grain 
boundary precipitation occurs more 
readily. The photomicrograph in Fig. 
11 shows grain boundary precipitation 
in heat DT78C sensitized 1 hr at 1200 F. 
In general, the morphology of carbide 
precipitation in chromium-nickel-man- 
ganese steel is the same as in chromium- 
nickel of equivalent carbon content in 
spite of the presence ee nitrogen 
content. 


Fic. 10.—Heat DT87 (0.017 per cent Carbon and 0.26 per cent Nitrogen) Sensitized 100 hr at 
1200 F. No Grain Boundary Precipitation. Etched in NaCN (X250). 
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All of the chromium-nickel-manga- 
nese steels with an austenitic structure 
are subject to stress-corrosion cracking 
in the boiling 42 per cent magnesium- 
chloride test. This test is very severe 
and such conditions are probably never 
met in service, but it does offer a good 


way of determining compositions which 
may be more resistant than others to 
this type of localized corrosion. The 
results have not been tabulated because 
all specimens cracked in times varying 
from 4 hr to 72 hr, and no influence of 
chromium, nickel, or manganese could 
be associated with these. The only com- 
positions which showed no cracking 
were those which contained delta ferrite, 
and these remain free of cracks up to 
250 hr. 

These data indicate in general that 
the chromium-nickel-manganese steels 
probably would perform about the same 
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as chromium-nickel steels under condi- 
tions which are conducive to stress 
corrosion. 


SUMMARY AND CONCLUSIONS 


The corrosion properties of chromium- 
nickel-manganese austenitic steels have 
been evaluated in various media and 
the influence of individual elements has 
been established. 
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position also shows very good resistance 
as does 18-8, to localized attack and to 
boiling 50 per cent lactic acid. 
Manganese can be varied from 4 per 
cent to 14 per cent with no significant 
effect on corrosion resistance. On the 
other hand chromium produces con- 
siderable improvement as it is increased, 
based on boiling nitric acid data, certain 
organic acids and salt-spray results. 


Fic. 11.—Heat DT87C Sensitized 1 hr at 1200 F. Etched in NaCN (250) 


The following composition range was 
investigated: chromium, 15 to 21 per 
cent; nickel, 2 to 6.50 per cent; manga- 
nese, 5 to 17 per cent. 

The influence of nickel is prominent 
in these chromium - nickel - manganese 
steels. In boiling nitric acid tests, at 
17 per cent chromium level the improve- 
ment due to increasing nickel is more 
pronounced than at a 20 per cent chro- 
mium level. Nitric acid corrosion rates 
comparable to 18-8 can be attained with 
the 20 per cent chromium, 6 per cent 
nickel, manganese steel, and this com- 


9 


The types 201 and 202 are equal to 
types 301 and 302 in many mild en- 
vironments like acetic, citric and phos- 
phoric acids. For more severe conditions 
indicated by the boiling nitric test or 
for localized conditions, a 20 per cent 
chromium, 6 per cent nickel, 8 per cent 
manganese composition has been de- 
veloped which is comparable to type 304. 

The intergranular corrosion resistance 
of the chromium - nickel - manganese 
steels is the same as that of chromium- 
nickel steels. Lowering the carbon con- 
tent prevents intergranular corrosion 


=> | 
| 


but only in short sensitizing times, simi- 
lar to type 304L. The carbon content 
seems, however, to be less critical than 
in the chromium-nickel grades and it 
seems that the maximum carbon content 
corresponding to the 0.03 per cent maxi- 
mum in chromium-nickel steels is be- 
tween 0.05 and 0.06 per cent for the 
chromium-nickel-manganese steels. 
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The chromium - nickel - manganese 
steels are subject to stress corrosion 
cracking like the chromium-nickel steels. 
Resistance to stress corrosion does not 
appear to have any association with the 
amount of chromium, nickel, or manga- 
nese provided the structure is austenitic. 
The presence of delta ferrite can prevent 
or clecrease susceptibility to such failure. 
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Mr. R. W. MAnveEt.'—The data on 
what we would call low-temperature 
corrosion is very interesting and very 
useful, but in the petroleum industry 
we have a particularly difficult problem 
in finding materials to resist high-tem- 
perature corrosion in hydrogen atmos- 
pheres in catalytic reforming and desul- 
furization and cracking processes in 
the presence of hydrogen sulfide. The 
chromium-nickel austenitic stainless 
steels are being used for severe condi- 
tions, and we wonder if the authors are 
doing any work at all on the manganese 
steels. 

There is some German work which 
indicates that manganese might be use- 
ful in improving resistance to high-tem- 
perature hydrogen sulfide attack. 

Mr. ROLAND WARDELL.2—We have 
made some preliminary investigations 
of the manganese-bearing stainless steel 
in 50 per cent sulfuric acid, and we find 
that it was slightly superior to the com- 
parable 18-8 stainless steels. Have 
the authors made any investigations 
into the use of manganese-bearing stain- 
less steel in sulfuric acid? 

Mr. W.G. RENSHAW (author).—In an- 
swer to Mr. Manuel’s question, we have 
not as yet carried out any investigation 
of the resistance of these chromium-nic- 
kel-manganese steels to hydrogen sulfide. 
Meager data so far do not indicate them 

! Corrosion Engineer, Socony Mobil Oil Co.., 
New York, N. Y. 


2 Laboratory Supervisor, Minneapolis Honey- 
well, Minneapolis, Minn. 


DISCUSSION 


- 


to be any advantage over the chromium- 
nickel austenitic steels. 

In reply to Mr. Wardell, we have car- 
ried out corrosion tests in sulfuric acid. 
What per cent concentration is involved? 

Mr. WARDELL.—Fifty per cent. 

Mr. RENSHAW.—Was this at an ele- 
vated temperature and did rather ap- 
preciable attack of the material occur? 

Mr. WARDELL.—Yes. 

Mr. RENSHAW.—We have not carried 
out sulfuric acid tests to determine cor- 
rosion rates in this range. Most of our 
interest has been only in those ranges 
where the stainless steels are passive. 
However, both the Cr-Ni-Mn and the 
Cr-Ni steels are active under these con- 
ditions. While calculated corrosion rates 
at high temperatures and fifty per cent 
sulfuric acid may be slightly less for 
chromium-nickel-manganese steels than 
18-8, nevertheless both show such high 
rates that the difference is of little sig- 
nificance. Have corrosion rates been de- 
termined? 

Mr. WARDELL.—No, they have not. 

Mr. RENSHAW.—Where _ corrosion 
rates are very low, say less than 0.0005 
in. penetration per month, we can reason- 
ably assume the metal is passive. Above 
this point indicates the metal is probably 
active and then corrosion rates for several 
specimens may vary over a rather broad 
range at any certain specific test condi- 
tion. For this reason we have made no 
attempt to cite specific rates at these 
aggressive sulfuric acid concentrations. 
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fretting wear. 


The use of the pellet type fuel element 
in pressurized-water reactor cores has 
been contemplated for various reasons. 
Among these are improvements in the 
pressure vessel design and in reactor op- 
eration due to the simplification of core 
structural supports and the ease of load- 
ing and unloading of the fuel material 
through fluidization. 

Included among the unknown op- 
erating characteristics of a bed of Zir- 
caloy-clad uranium dioxide pellets is 
the amount of fretting wear that might 
occur among the randomly packed pel- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

‘The opinions expressed herein are the au- 
thors only; and this report does not constitute 
an expression of official opinion of the Bettis 
Plant. 

* Supervising Engineer, Central Technical 
Activities, and Manager, PWR Chemistry Sec- 
tion, respectively, Westinghouse Electric Cor- 
poration, Bettis Plant, Pittsburgh, Pa. 


FRETTING WEAR OF ZIRCALOY-2 PELLETS IN 
HIGH-TEMPERATURE WATER*! 


By Lovuts A. WALDMAN? AND PAuL COHEN? 


SYNOPSIS 


Pellet bed reactors using Zircaloy-2 cladding are attractive for pressurized- 
water reactors, because of the potential simplicity of the pellet bed reactor core 
and the low cross-section for neutron absorption of the zirconium. In such a 
reactor, fretting of adjacent pellets might be a problem because of the release of 
induced zirconium activity, and if wear is appreciable, perforation of the 
cladding. The paper describes an investigation at fully simulated operating 
conditions, in which frettting wear rates were determined by using irradiated 
pellets. The results of this test were combined with observations from previous 
tests and an analysis made of the hazards of this type of reactor. It is shown 


that neither activity release nor cladding penetration is seriously affected by 


4 


lets. Adjacent pellets that undergo some 
movement, microscopic or macroscopic, 
due to the action of the coolant could 
conceivably wear at points of contact 
with subsequent reduction in clad thick- 
ness, release of significant amounts of 
Zr® activity into the coolant stream, and 
possibly ultimate perforation of the clad- 
ding. 

To evaluate this problem, seven tests 
were made in the period September 1953 
to June 1954, through the combined 
efforts of the Materials Department and 
Chemistry Subdivision, in a Bettis loop 
facility (‘Bettis Loop M-1”). Pellet 
configurations consisting of spheres, 
dumbells, and els were tested with both 
upflow and downflow of water through 
beds at a velocity sufficient to fluidize 
the bed in upflow. The results of these 
tests indicated the general stability of 
the cladding material for the short-term 
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tests conducted but were inconclusive as 
to rates of fretting wear because of the 
lack of sensitivity afforded by weight 
change measurements. Evidence of 
localized fretting wear was observed on 


Tank 


Cooler 
VVN 


V 
Reagent & Gas 
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Filter 


given a properly designed test section. 
Such a test was planned and carried out 
between July 1954 and Jan. 1955. 

The results and conclusions obtained 
from the irradiated-pellet fretting test 


Flow Control Valve 
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Cold Filter orifice 
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Fic. 1.—Bettis Loop Facility Schematic. 


the surfaces of a majority of the pellets 
tested, but the amount of fretting debris 
and depth of penetration at the fretting 
sites could not be determined. 
Subsequently, an analysis was made of 
significant fretting wear rates in order to 
evaluate the pellet fretting problem with 
respect to operating hazards associated 
with the contemplated reactor designs. 
The results of this analysis demonstrated 
the feasibility of a test with an irradiated 
bed of pellets yielding sufficient activity 
to trace the fretting wear rates of signifi- 
cance and compatible with safe handling 
procedures in the Bettis loop facilities, 


Reagent 


and their correlation with the previous 
seven tests are the bases for this report. 


EXPERIMENT AND PROCEDURE 


Test Facility —A Bettis loop facility 
(“Bettis Loop R-3”) was modified for 
the accommodation of a test section 
compatible with the testing of a high- 
level activity source consisting of a bed 
of irradiated Zircaloy-2 pellets with a 
nominal total activity of five curies.’ A 


3 The activity of the bed as received was ap- 
proximately 1 curie, apparently due to irradia- 
tion fluxes lower than those specified. 
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schematic of the loop facility is shown in 
Fig. 1 and a photograph of a typical 
Bettis loop facility, in Fig. 2. The test 
section is shown in Fig. 3. Details of the 
can insert containing the bed of irradi- 
ated pellets are shown in Fig. 4. The test 
section consisted of a section of 3-in., 
Schedule-80 stainless steel pipe with a 
flanged top for insertion of the can and a 


holding pipe at the bottom for retention 
of the can insert within the loop. Lead 
bricks were stacked on the outside of the 
test section for shielding. 

The can was loaded against a flexitallic 
gasket by means of a spring designed for 
a 100 Ib load. This loading (more than a 
factor of two above the uplift on the bed 
resulting from its pressure drop) was 
utilized in order to minimize leakage 
across the holding ring. The load was 


Fic. 2.—Photograph of Typical Bettis Loop Facility. 
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transmitted through a combination of 
sliding couplings on the can connector 
rod and upper shielding plug. Since the 
pressure drop observed for the given run 
was equal to that observed for previous 
tests conducted on beds of approxi- 
mately the same dimensions, it is reason- 
able to conclude that little or no leakage 
occurred across the interface between the 


can and the holding ring. The basic de- 
sign described above was utilized to 
facilitate loading and unloading of the 
integral unit containing the bed through 
a suitable cask suspended over the test 
section. 

Details of the cask are shown in Fig. 5. 
The following procedure was utilized in 
unloading the can of irradiated pellets 
from the cask into the loop. A split plug 
was used for the 
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cask so that the can connector rod ex- 
tending through the cask could be at- 
Ng Ret — tached to the sliding coupling of the 
stainless steel shielding plug (see Fig. 3) 
2-3 and 4 as Templates (8 Holes) which was inserted in the loop during 
loading. A forked lifting tool was slipped 
yo over the protrusion on the stainless plug 
7. Sauna; while the cask was in place over the open 
Y test section and after removal of the 
Y split plug the assembly was lowered in 
— place. The can was removed from the 
loop by reversing this procedure. This 
technique minimized exposure to radia- 
tion. Much higher levels of activity could 
have been handled by this procedure 

with little hazard to personnel. 
History and Description of Pellet Bed. 
A total of 842 Zircaloy-2 pellets consist- 
Fic. 5.—Lead Cask—General Assembly. ing of flanged spheres with a polar OD 
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of 0.402 in. and an equatorial OD of 
0.461 in. was placed in a bed 2;%5 in. in 
diameter and 14 in. long. Eighty-five of 
these pellets, uniformly distributed 
throughout the bed, were irradiated at 
the Materials Testing Reactor for one 
week at a prescribed flux of 1.5 10" 
neutrons per sq cm per sec. Individual 
irradiated pellets were placed between 
layers of nonirradiated pellets within 
the can, and the bed was vibrated inter- 
mittently. The bed was spring loaded by 
an 85 lb spring placed between the flow 
distributor plate on top of the bed and 
the top flow distributor of the can. 

All of the pellets had been already 
tested in the last two of the seven tests 
referred to previously for a total of 64.5 
days in 600 F hydrogenated water as 
well as three days in 680 F degassed 
water. Accordingly, the bed as tested 
presented a preformed corrosion film. 

The pellets were fabricated by ma- 
chining on a turret lathe with form tools. 
A photograph of typical pellets is shown 
in Fig. 6. 

Test Conditions—Loop operating con- 
ditions during the pellet fretting test 
were 600 F, 2000 psi, neutral pH, and 
25 cc He per kg. An MB-1 resin was in 
intermittent use in order to maintain a 
high loop resistivity (nominal 300,000 
ohm-cm). A loop flow rate of approxi- 
mately 18 gal per min (empty column 
velocity of 1.4 ft per sec) with a corre- 
sponding pressure drop of 8.5 psi was 
utilized during the run. The total test 
time at operating conditions was 838 hr. 

Test Procedure—Following the test 
run at the operating conditions referred 
to above, the pellet bed was removed 
from the loop and all loop components 
in contact with the system water during 
the test run, excluding the 30-A pump, 
were pickled with HNO;-HF (15 to 5 
weight per cent). A Worthington cen- 
trifugal pump was used to circulate the 
HNO;-HF through the loop for 1 hr. 


All pickling solution and flush water used 
for rinsing the loop were saved for an 
activity balance. 

In addition, the bed was separated 
into its 85 irradiated and 757 nonir- 
radiated counterparts. Ten representative 
cold pellets were removed from equidis- 
tant points along the length of the bed 
and pickled with HNO;-HF in order to 
obtain estimates of activity deposited on 
the nonirradiated pellets. 

Fifteen pickled pellets with no previous 
corrosion history served as activity mon- 
itors for the 85 irradiated pellets. These 
15 pellets were distributed throughout 


TABLE I.—ACTIVITY DISTRIBUTION. 


Activity, y 
Disintegrations 


Per Cent 
Region per min 
to of Total 
Initial Activity 
Loop surfaces.......... 5.03 X 107 | 62.4 
Pellet bed container as- 

0.30 3.8 
Nonirradiated pellets... . 1.80 22.3 


Specific activity of irradiated pellets, dis- 
integration per min per g = 5.40 X 10%. 

Calculated weight loss due to fretting = 
14.9 mg (4.1 mg per sq dm per month) 


each of five rabbits containing the 85 test 
pellets during their irradiation at Mate- 
rials Testing Reactor. One monitor pel- 
let from each rabbit was pickled with 
HNO;-HF in order to complete the ac- 
tivity balance. 

Liquid samples of the pickling solu- 
tions were counted in a gamma-well scin- 
tillation counter, and, as a further check, 
aliquots were evaporated and geiger 
counted. However, more reliance was 
placed upon the values obtained with the 
well counter since this type of counting 
minimizes self-absorption effects. 


RESULTS 


Upon completing the balance between 
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the released activity and the specific 
activity of the irradiated pellets, the 
total amount of fretting wear material 
released from the irradiated pellets was 
found to be 14.9 mg. Table I is a sum- 
mary of activity distribution within the 
test loop and components as determined 
from the specific activities of the various 
pickling solutions and their total vol- 
umes. 

Normalizing the calculated weight 
loss due to fretting to the surface area of 
the irradiated pellets, an effective fretting 
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ting tests conducted in Bettis Loop M-1. 
The environment was essentially the 
same as that explored for the irradiated 
pellet fretting test, except for a hydrogen 
concentration of 100 cu cm per kg as op- 
posed to 25 cu cm per kg in the irradi- 
ated pellet test. 

The ZrO. shown in Table II was that 
removed from hot filter disks in a by-pass 
filter across the loop pump. A large pro- 
portion of the ZrO, released from the 
bed probably was trapped in system 
components and could not be accounted 


TABLE II.—SUMMARY OF PELLET FRETTING TESTS I TO VII. 


Test ZrOz Col- 
Test Flow Duration, Samples Results lected, 
hr mg 
jus = 
Be asics up 444 892 pellets 10 per cent showed gray ap- | 505 
pearance 
II.......| down 389 692 pellets 10 per cent showed gray ap- 61 
pearance 
_ eee down 141 230 dumbbells Indistinct local gray markings 25 
on 51 per cent 
BW ine exe down 372 230 dumbbells Indistinct local gray markings 21 
83 per cent 
150 pellets Indistinct local gray markings 
on 80 per cent 
Woh ex down | 768 130 pellets Indistinct local gray mark- 75 
120 dumbbells ings on 91-92 per cent of 
130 els samples 
VE...4....| down | 780 799 flanged spheres Local gray markingson 60 per | 4.3 
cent of samples 
ji. ae . up (spring 768 842 flanged spheres; | Percentage of pellets with gray 2.9 
loaded) same as pretested markings not determined 


| | in Test VI 


wear rate of 4.1 mg per sq dm per month 
was found. The significance of this wear 
rate will be discussed following an anal- 
ysis of other work performed on beds of 
Zircaloy pellets. 


COMPARISONS WITH PREVIOUS WORK 


Most of the comparisons presented 
herein are based upon an unpublished 
report by Messrs. D. E. Thomas, S. Kass, 
and B. G. Schultz, discussions with the 
authors, and internal summary letters 
hv Messrs. J. Glatter, and S. Kass. Ta- 
h'e IL is a summary of the pertinent re- 
Its obtained for the s seven pellet fret- 


for by this method of collection. Since 
weight changes observed on individual 
pellets included their weight gain due to 
normal corrosion, the weight loss due to 
fretting could only be estimated. The 
following observations were made: 

1. The fact that 10 per cent of the 
pellets in Tests I and II exhibited large 
weight losses and gray corrosion prod- 
ucts was attributed to possible improper 
etching and washing prior to test. On 
the other hand, it was noted that part 
of the pellet bed could have been fluid- 
ized in Test I. 

(2. Evidence of fretting wear was ap- 
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parent in the form of dull spots, arcs, 
and occasionally dull rings on the other- 
wise lustrous surfaces of the specimens 
tested in Tests III through VII. 

3. The weight gains found for indi- 
vidual pellets were smaller than expected 
on the basis of tests in static degassed 
water or in dynamic hydrogenated water. 
These weight gains could be attributed 
to fretting wear. For example, from a 
comparison of actual and expected 
weight gains in pellet fretting Test V, 
fretting losses per ball* were 0.03 to 0.23 
mg whereas for fretting test VII, fretting 
losses per pellet were found to be 0.03 mg 
(0.01 g per sq cm) for a portion of the 
bed previously tested in Test VI and 
0.17 mg per pellet for the portion of the 
bed not tested previously. However, 
variations in weight changes for some 
control samples indicated that a more 
sensitive method of measurement was 
required. 

4. The individual pellets showing 
fretting wear exhibited one or more fret- 
ting sites, in many cases several. 

This last observation is important to 
the analysis of results obtained for the 
irradiated pellet fretting test. It is inter- 
esting to note that in comparison with 
the Test V and Test VII results given in 
(3) above, a weight loss of 0.18 mg per 
pellet was found for an equivalent test 
period in the irradiated pellet fretting 
test if the total observed Zr® activity 
is normalized to the total number (85) 
of irradiated pellets. 


ANALYSIS AND SIGNIFICANCE OF 
RESULTS—IRRADIATED PELLET TEST 


Effect on Clad Integrity—It is 
apparent that the consequences of the 
fretting wear rates found in this test are 
related to the number of fretting sites 
involved. Table III below relates the 
observed material release as determined 


* The els and dumbells were made up of con- 
nected balls similar to the individually tested 
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through the activity balance (14.9 mg) 
to penetration within the pellet, assum- 
ing the fretted volume to consist of a 
spherical segment. The worst possible 
case would consist of only two pellets 
within the entire bed fretting at one site. 
The penetration per site in Table III 
is expressed by the relationship: 
1 
V = - 
where: 


V= 
h 
R = 


wh?(3R — h)......... 


. (1) 


volume of fretted material, 
depth of penetration, and 
radius of sphere. 


From the results presented above, 
it is safe to assume that at least 50 per 


TABLE III.—CLADDING PENETRATION 
PER FRETTING SITE. 


Number of 840 hr 
Number of Irradiated Fretting |Penetration 
Irradiated Pellets, Gite 

Pellets Fretting per cent Pellet 
2.4 1 10.6 
_ 24 3.3 
eee 50 2 1.6 
100 1 1.6 
(e) 85. 100 2 ge 


cent of the irradiated pellets contacted 
one or more fretting sites per pellet. A 
maximum of twelve contact points per 
pellet could be obtained in a hexagonal 
close packed bed. Accordingly, the worst 
possible case, (a)—Table III, is not con- 
sidered to be realistic; case (c) is prob- 
ably more representative of the real 
condition. A visual examination of in- 
dividual pellets did not indicate any 
localized attack corresponding to a 10.6 
mil penetration. 

Extrapolation of the amount of fret- 
ting wear to operation for longer periods 
must be evaluated in terms of fretting 
wear theories> and the geometry in- 


5H. H. Uhlig et al., “A Fundamental In- 
vestigation of Fretting Corrosion,’ NACA 
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volved. According to an analysis by 
Uhlig, ef al, the total wear of fretting 
surfaces is attributable to a combination 
of corrosion and mechanical abrasion. 
For Uhlig’s model, movement over the 
contact points has a wiping action on the 
corrosion film resulting in the exposure 
of clean surfaces. The exposed fresh sur- 
faces corrode in turn and new scale is 
subsequently removed by wiping at the 
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4.2 


that the area of contact will increase 
with depth of penetration. Assuming a 
constant force between the fretting sur- 
faces, the total amount of wear would be 
linear with time, if the wear rate is linear 
with load on the contact surfaces 
as predicted by the Uhlig analysis with a 
low corrosion contribution. In support of 
the hypothesis it can be seen that the 
contact pressure is inversely proportional 


| | | | 
HTT 
4 + 4 4 4 +H 
= 
c 
| rT HH 
2 
2 10% 
3 8 
4 
8 Fretting Rote = 4.1 mg per sq dm per month 
Neutron Flux: 5 Neutrons persq cm per sec 
= Surface Area= 20000 sq ft 
2 Coolont Volume= 2500 cu ft 
“2 Empty Column Velocity = 1.4 ft per sec 
10% 
102 2 4 6 810° 2 4 6 8 104 2 4 6 6105 
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Fic. 7.—Activity Build-Up due to Fretting of Zircaloy-2 Pellets in a Reference Core. 


contact points. The use of this model by 
Uhlig, ef al, resulted in a relationship 
showing total wear to be a parabolic 
function of the applied constant area 
load and a linear function of time. The 
contribution due to corrosion was over- 
shadowed by mechanical wear at high 
frequencies, and the total wear for this 
high frequency case was predicted to be 
a linear function of the load between 
constant area fretting surfaces. 

For a spherical pellet, it is apparent 


to the square of the contact area radius 
while the material fretted is proportional 
to the square of the contact area radius. 

Accordingly, if the wear rate is para- 
bolic with the contact surface load, then 
a decrease in fretting rates with time 
would be expected. Work conducted at 
the Bettis site with small loads on Zirca- 
loy fretting surfaces has provided further 
support for this parabolic relationship. 
Evidently the assumption that fretting 
wear for spherical pellets is linear with 
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time is pessimistic, even if high frequency 
mechanical abrasion predominates in 
the bed. The significance of this analysis 
with respect to penetration depth within 
the cladding is shown below. 

Since the total fretting wear according 
to the above analysis can be assumed to 
be, at worst, linear with time, rates of 
penetration depth may be determined. 
Given Eq 1, it can be easily shown that 
for small values of h, 
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where: 


k = constant wear rate, and 
/ = time 


From Eq 2 it is apparent that the rate of 
penetration is inversely proportional to 
the penetration distance for significant 
values of /. By integrating Eq 2, it can 
be shown that 


Accordingly, for a total operating time 
ten times that shown in cases (c or d) in 
Table III, approximately 1 yr, a 
depth of penetration of (1.6)(10)'”, or 
5 mils, would be expected. 

Pending further tests to establish the 
number of sites involved, we conclude 
that the effect of fretting corrosion on 
clad integrity in a bed of Zircaloy pellets 
is not serious. 

Effect of Activity Release on Acessibility 
to Loop Compartments——A plot of ac- 
tivity build-up as a function of time with 
a reference core is shown in Fig. 7 for a 
fretting rate of 4.1 mg per sq dm per 
month and no purification or re-irradia- 
tion of released material. The calcula- 
tions for specific coolant activities were 
based upon the assumption that all of 
the Zr® activity released into the loop is 
suspended in the system coolant. This, 
of course, is not a real case, but the end 
result in terms of accessibility is essen- 
tially the same even though a large pro- 
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portion of the activity is deposited on 
the pipe walls. The assumption was 
used only to establish a reference for 
discussion. The following bases were 
utilized in the calculations. 


Fretting rate.......... . 4.1 mg per sq dm 


per month ‘ 
Total surface area of pel- = 
20 000 sq ft 
Primary coolant volume.. 2500 cu ft 
Mouton Mas... 5 X 10" neutrons 


per sq cm per sec 


The curve plotted in Fig. 4 was based 
on the equations: 


d(Ni) m 
= Noae — (Ni) m....--- (4) 
d(N;) a(Ni)m 
= — rX(N;)...... (5) 


where: 

(.V;)m = concentration of Zr® in parent 
metal, atoms Zr* per cu cm 
metal, 

(V;) = concentration of Zr® in loop 
water, atoms Zr® per cu cm 
coolant, 

V = atoms Zr™ per cu cm metal, 

= time of operation with the 
given neutron flux, sec, 

Ta = absorption cross section of 
sq cm, 

¢ = neutron flux, neutrons per cm 
per sec, 

r = decay constant, per sec, 

a = rate of parent metal release 
to coolant, cu cm per sec, 

Vv. = primary coolant volume, cu 
cm, 

K = Noa, atoms Zr** per sec per 
cu cm metal, and 

A = (VA, y disintegrations per 


sec per cu cm coolant. 


4 

4 

) | ind the solution to Eqs. 4 and 

aK 1 1 

(a 

aa 

, 

— — 


As can be seen in Fig. 7, a saturation 
level of 1.27 X 10° y disintegrations per 
sec per cu cm coolant is reached with a 
release rate of 4.1 mg per sq dm per 
month. Less than one-half this value is 
reached after 3000 hr of operation. Tol- 
erable levels on the order of 5 X 10* y 
disintegration per sec per cu cm have 
been proposed for accessibility to a loop 
compartment with 2.59 hr Mn*®® as a 
major contributor with a y energy of 
2.06 Mev compared to a softer y of 0.73 
Mev for Zr**. Shielding calculations 
based on available relationships indicate 
that with the total Zr® coolant activity 
corresponding to a saturation level of 
1.27 X 10° y disintegrations per sec per 
cu cm of coolant, when uniformly dis- 
tributed over the surfaces of a large re- 
actor primary system, levels less than 
50 mr per hr would be expected at a dis- 
tance of 1 ft from 18 in. primary system 
piping. Accordingly, the levels shown in 
Fig. 5 are not serious with respect to 
accessibility requirements. 

Re-irradiation of the released ZrO. 
presupposes transportability of the 
fretted material in the coolant stream. 
If this transportability occurs,® the con- 
tribution due to re-irradiation of the 
released ZrO:z in the reactor core would 
be considerably less than that due to the 
removal of suspended activity in the 
by-pass purification system. In fact, 
transportability would result in lower 
activities with continued purification 
and re-irradiations. 

The maximum specific Zr® activity 
that the coolant would build up with 
re-irradiation and no purification corre- 
sponds to the saturation activity shown 
in Fig. 7. The effect of continuous puri- 
fication on a system in which activity is 
transported is shown by the relationship: 


d(N;) a(Ni)m 
dt £ 


— (Ni) — EB(N;)... (8) 


® Work conducted at the Bettis Site indicates 
that a large proportion of the total material 


release will be trapped in the system. 
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where: 


8 


purification removal constant = _ 
purification flow rate 
and 


total primary coolant volume’ 

E = efficiency of purification system ~ 
1 for D.F.’s greater than 5 with 
MB-1 resin. 


and the remaining items defined as for _ = 
Eqs 4 through 7. . 
The solution to Eq 8 is: 


(A+ EB 
hen (A+ ( ) 
+ 


(N,) == = A/r.. (10) 


Substituting the appropriate values 
in (10), a saturation level of only 1.5K 
10? y disintegrations per cucm per secis 
reached. Of course, this calculation is 
not based on the assumption that such 
low levels can actually be achieved | 
through purification of the main coolant | 


@ 


andatt= « 


lower levels than those shown in Fig. 7 
can be expected, depending on the per-— 
centage of released material suspended 
in the coolant, and that re-irradiation of | 
released material is negligible compared — 
to the effect of purification. For 1 per cent _ 
of the specific activity reaching the puri- 
fication unit by-pass at infinite time 
with continuous purification, the coolant 
specific activity would be 1.3 & 10* y 
disintegrations per cu cm per sec. 


SUMMARY AND Coxcusions 


The results of this test showed a fret-_ 
ting rate of 4.1 mg per sq dm per month 
for a packed bed of Zircaloy pellets. 
Pending further investigations to estab- | 
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lish the number of fretting sites per pel- 
let (or per unit bed) involved in the 
fretting phenomenon, it is concluded that 
this rate is not serious with respect to 
clad integrity. Activity levels reached 


in the primary system with the given 
fretting rate are not serious with respect 
to accessibility to the loop compartment. 
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INTERGRANULAR CORROSION RESISTANCE OF LOW-CARBON 
AUSTENITIC CHROMIUM-MANGANESE-NICKEL STEELS* 


By W. O. BInpER,' J. THompson,® AND C. R. BisHop* 


SYNOPSIS 


The austenitic chromium-manganese-nickel steels become susceptible to in- 
tergranular corrosion when heated in the temperature range of 425 to 815 C. 
The immunization of these steels with columbium or titanium introduces 
metallurgical complications, and in view of this, the possibility of gaining con- 
trol of intergranular corrosion by lowering carbon was investigated. This ap- 
proach eliminates the problems associated with steels containing columbium 
and titanium, since the low-carbon steels can be made fully austenitic by in- 
creasing nitrogen. 

The study included steels containing 18 per cent chromium, 7 to 11 per 
cent manganese, 4 to 10 per cent nickel, 0.4 per cent silicon, 0.015 to 0.045 per 
cent carbon, and 0.22 per cent nitrogen. The manganese content of the steels 
was, with one exception, greater than the nickel content. The permissible car- 
bon limits for resistance to intergranular corrosion, after heating at 650 C, were 
found to decrease as the sum of the manganese and nickel contents of the 
steel increased above 14 per cent. The steels containing up to about 0.05 per 
cent carbon and 14 per cent manganese plus nickel were found resistant to 
intergranular attack after 1 hr at 650 C, and those containing 0.02 to 0.025 per 
cent carbon and not more than 14 per cent manganese plus nickel were resist- 
ant after 24 hr at 650 C. Increasing the manganese-plus-nickel content to 18 
per cent required decreasing these limits to about 0.035 and 0.02 per cent car- 
bon, respectively. 


The immunization of these steels with 


The austenitic chromium-manganese- 


nickel steels become susceptible to inter- 
granular corrosion when heated in the 
temperature range of 425 to 815 C (1).* 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
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Development Dept., Electro Metallurgical Co., 
Niagara Falls, N. Y. 
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3 Metals Research Laboratories, 
Metallurgical Co., Niagara Falls, N. Y. 

‘The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 920. 


Electro 


columbium or titanium introduces met- 
allurgical complications. The formation 
of delta ferrite, due to the removal of 
carbon and nitrogen from solution by co- 
lumbium or titanium, may lead to hot- 
working difficulties, and the subsequent 
transformation of this phase to sigma 
phase when the steel is exposed to ele- 
vated temperatures may produce brittle- 
ness and reduced corrosion resistance. In 
low-nickel steels, the austenite is subject 
to transformation to low-temperature 
ferrite when titanium is present, and the 


ia 


a5 - 4 
~ 
a 
: 
? 
: 


904 


S292 


5160 
S161 


TABLE I.—COMPOSITION OF STEELS 


Composition per cent 
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INVESTIGATED AND RESULTS OF BOILIN(,; 
65 PER CENT NITRIC ACID TESTS ON SPECIMENS HEATED AT 550 C., 


Third Period Corrosion 
7 Rate, penetration, in. 
per month 


Heat 


Chromium | Manganese 


| 


| 


| 


| 
| 


S311... 


S293... 


$204....... 


S169.. 
S170. 


Carbon® 


0.017 
0.020 
0.028 
0.030 
0.036 
0.040 
0.015 
0.024 
0.028 
0.029 
0.034 
0.043 
0.010 
0.021 
0.026 
0.028 
0.037 
0.013 
0.025 
0.027 
0.029 
0.037 
0.043 


0.023 
0.028 
0.034 
0.040 


0.010 
0.020 


0.021 


0.026 
0.035 


.036 


0.027 
.036 


0.015 
0.020 
0.028 
0.034 
0.040 


h 
Nitrogen® 1075 C and 
air-cooled? 100 hr 
| §50C? 
0.22 | N.T 
0.22 N.T N.T 
0.22 N.T N.T 
0.21 N.T N.T 
| i N.T 
| 0.22 N.T N.T 


6.23 | 
0.22 0.00099 0.0020 
0.22 0.0010 0.0011 
0.22 0.00099 | 0.0011 
0.22 0.0010 0.0092 
0.22 0.0010 0.073 


0.22 0.0008 0.00085 
0.23 0.00082 | 0.00088 
0.22 0.00082 | 0.00093 
0.22 0.00089 0.0016 
0.22 0.00094 | 0.052 
0.20 0.0010 0.0011 
0.23 0.0011 0.0014 
0.22 0.0010 0.0014 
0.22 0.0012 0.0027 
0.22 0.0013 0.0027 
0.22 | 0.0013 0.134 


0.22 0.0011 | 0.0010 
0.22 0.0010 0.0010 
0.22 0.0013 0.0052 
0.21 0.0011 0.0070 
0.22 0.0011 0.014 
| 0.22 | 0.0010 0.0010 

0.22 0.00093 0.0021 

0.21 0.00095 | 0.0014 

0.21 0.00099 | 0.011 
| 0.23 0.00094 | 0.0048 
0.2% .O011 0.083 


0.21 0.00078 | 0.00081 
0.22 0.00086 | 0.00091 
0.22 0.00095 | 0.00096 
0.22 0.0010 0.0014 
0.23 | 0.0011 0.011 


0.00078 | 0.00070 
22 0.00073 | 0.00070 
0.00083 0.0020 

2 0.00087 | 0.0093 
-22 0.00081 0.131 


bo 
w 


{ 
‘ 
- 
q 
| ickel Silicor 
= S318.......| 18.25 7.0 0.4 
* S319. . 18.25 7.0 0.4 
18.25 7.0 0.4 
18.25 7.0 0.4 
Be S288.......| 18.25 7.0 0.4 
ae S$289.......| 18.25 | 7.0 0.4 
: S324.......| 18.25 7.0 0.4 
S$325.......| 18.25 7.0 0.4 
S326.......| 18.25 7.0 0.4 
18.25 7.0 0.4 
$328.......| 18.25 7.0 0.4 
$329... 18.25 7.0 0.4 
S151.......| 18.25 7.0 6.0 0.4 
8162.......| 18.25 7.0 6.0 0.4 
18.25 7.0 6.0 0.4 
oy S154.......| 18.25 7.0 6.0 0.4 
an | S198..... 18.25 7.0 6.0 0.4 
at $155.......| 18.25 9.0 4.0 | 0.4 
S167.......| 38.26 9.0 4.0 | 0.4 
$158 18.25 9.0 4.0 0.4 
3.25 9.0 4.0 0.4 
3.25 9.0 4.0 0.4 
3.25 9.0 4.0 0.4 
3.25 9.0 4.5 0.4 
Pi 3.25 9.0 4.5 0.4 
Sis, 8.25 9.0 4.5 0.4 
3.25 9.0 4.5 0.4 
18.25 9.0 4.5 0.4 
18.25 9.0 5.0 0.4 
..| 18.25 9.0 5.0 0.4 
..| 18.25 9.0 5.0 0.4 
..| 18.25 9.0 5.0 0.4 
S200.......| 18.25 9.0 5.0 0.4 
18.25 9.0 5.0 0.4 
a 8163.......| 18.25 9.0 6.0 0.4 0.01 
$164.......| 18.25 9.0 6.0 0.4 0.021 
S165.......| 18.25 9.0 6.0 0.4 0.024 
S$166.......| 18.25 9.0 6.0 0.4 
18.25 9.0 6.0 0.4 
S167 ..| 18.25 9.0 7.0 0.4 
a 18.25 9.0 7.0 0.4 
18.25 9.0 7.0 0.4 
SR 18.25 9.0 7.0 0.4 
25 9.0 7.0 | 0.4 
‘ 
oh 
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Composition, per cent 


Third Period Corrosion 
Rate, penetration ,in. 
per month 


Chromium Manganese! Nickel 


Silicon 


| Heated 12 


> le hr at 
| 1075 C and 
Nitrogen 1075 C and |Air-Cooled. 


| air-cooled | 


Carbon* 


. 00053 
. 00054 
. 00062 
. 00057 
. 00064 
. 00069 


0.0006 
0.010 
0.013 
0.007 
0.017 
0.11 


| 


| 0.0010 
0.0011 
0.0012 
0.020 
0.067 
0.087 
0.00095 
0.0010 
0.017 
0.046 
0.039 


| 0.019 
| 0.022 
0.026 


.OO11 
.0011 
.0010 
0.014 
0.022 
0.025 
0.033 
0.035 


00094 
.0011 
.0010 
-OO1L 
.0011 


-25 11.0 
11.0 


11.0 


0.0008 
0.0011 
0.044 
0.033 


.00079 

. 00086 
.00088 
. 00090 
. 00091 


0.015 
0.023 
0.027 
0.035 
0.04 


11.0 
11.0 
11.0 
11.0 


18.25 11.0 


00066 

.00068 

.00081 | 0.018 

.00078 | 0.027 
| 0.00084 | 0.097 


0.016 
0.021 
0.026 
0.029 
0.038 


0.00079 


“ Actual content. 


°’N.T. = Not tested for intergranular corrosion resistance because of ingot porosity. 


steel may lose its non-magnetic charac- 
teristics. 

In view of these disadvantages, the 
possibility of gaining control over inter- 
granular corrosion by lowering carbon was 
investigated. This approach eliminates 
the problem of austenite instability since 
the low-carbon steels can be maintained 
fully austenitic by the simple expedient of 
increasing the nitrogen. Nitrogen can be 
utilized for this purpose because it does 
not promote intergranular corrosion as 
does carbon (2). This method has been 


= 


successfully applied to the austenitic — 


chromium-nickel steels. The carbon con- 
tent of the chromium-nickel steels must 
be decreased below 0.02 per cent for 


complete immunity; however, for many | 


applications, reducing carbon to about 
0.03 per cent provides sufficient immu- 


nity to permit the steels to be welded — 


without subsequent solution heat treat- 
ment. 

The development of steels having max- 
imum tolerance for carbon is desirable 
from a manufacturing standpoint. The 


= 
Heat | | 
7 
i 
SI71.......| 18.25 | 9.0 10.0 | 0.4 0.015 | 0.21 | ¢ fe 
$262.......| 18.25 9.0 10.0 | 0.4 0.018 0.19 | an 
8173.......| 18.25 9.0 10.0 0.4 0.025 0.22 | 
$172.......] 18.25 9.0 10.0 0.4 0.027 0.22 | 
4.......1 9.0 10.0 0.4 0.033 0.23 | 
S203.......] 18.25 9.0 10.0 | 0.4 0.042 0.22 ( 
| 18.25 | 11.0 4.5 | 0.: 
S$323.......| 18.25 | 11.0 4.5 0.4 
$298.......| 18.25 11.0 | 4.5 
$299.......| 18.25 11.0 4.5 0.: 
$300.......| 18.25 11.0 4.5 
S301.......| 18.25 | 11.0 4.5 | 0.4 : be 
$179.......| 18.25 | 11.0 5.0 | 0.4 
$180.......| 18.25 11.0 5.0 | 0.4 
S181.......| 18.25 | 11.0 5.0 0.4 re 
S205.......| 18 5.0 | 0.4 
6.0 0.4 0.23 | ¢ 
6.0 0.4 0.22 | 
$206.......| 18.25 6.0 0.4 0.23 | ( 
$187.......| 18.25 7.0 0.4 0.21 
S265.......| 18.25 7.0 0.4 0. | 
8189.......| 18.25 7.0 0.4 0. 
S188.......| 18.25 7.0 0.4 0. aay] 
SI 7.0 | 0.4 | 0. 
- 
1 : 
4 
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steels investigated contained 18 per cent 
chromium, 7 to 11 per cent manganese, 
4 to 10 per cent nickel, 0.4 per cent sili- 
con, 0.015 to 0.045 per cent carbon, and 
0.22 per cent nitrogen. The nickel and 
manganese contents were varied rather 
widely to evaluate the influence of these 
elements on the limits of carbon per- 
missible while maintaining immunity to 
intergranular corrosion. With one excep- 
tion, the steels contained more man- 
ganese than nickel. 
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at 650 C was found to decrease as the 
sum of the manganese-plus-nickel con- 
tents of the steel increased. Steels con- 
taining up to about 0.05 per cent carbon 
and 14 per cent manganese plus nickel 
are resistant to intergranular attack after 
1 hr at 650 C, and those containing 0.02 
to 0.025 per cent carbon and not more 
than 14 per cent manganese plus nickel 
are resistant after 24 hr at 650C. In- 
creasing the manganese-plus-nickel con- 
tent to 18 per cent, decreases these limits 


0.04 
x 
x 
50,03 
a 
| 
0.0! 
O- Voids 
x- Free from Voids 
l 
4 6 7 


Nickel, per cent 
_ Fic. 1.—Effect of Carbon and Nickel on the Soundness of 18 per cent Chromium, 7 per cent 


Manganese, 0.22 per cent Nitrogen Steels. 


The steels were tested in boiling 65 per 
cent nitric acid, boiling acidified copper 
sulfate solution, and in 10 per cent nitric 
acid—3 per cent hydrofluoric acid solu- 
tion at 70 C after heat treatment at tem- 
peratures between 300 and 650 C to 
induce intergranular corrosion suscepti- 
bility. These test media and the heat 
treatments at 550 and 650 C have been 
found useful for evaluating the inter- 
granular corrosion resistance of 0.03 per 
cent carbon austenitic chromium-nickel 
steels (2, 3). 

The tolerance for carbon after heating 


to 0.035 and 0.02 per cent carbon, maxi- 
mum for 1 hr and 24 hr, respectively. 

Since current arc-melting practice lim- 
its carbon to about 0.025 per cent mini- 
mum, the requirement of complete im- 
munity imposes a limit of about 14 per 
cent on the manganese-plus-nickel con- 
tent of the steel. Although the require- 
ments for partial immunity are less 
restrictive, from a manufacturing stand- 
point, the gain in carbon tolerance asso- 
ciated with a decrease in alloy content 
also warrants restricting the manganese- 
plus-nickel content of these steels to 
about 14 per cent. 
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PREPARATION OF STEELS 


The chemical composition of the aus- 
tenitic chromium-manganese-nickel steels 
requires careful balance to avoid the 
formation of delta ferrite (4), and the 
steels normally contain about 0.15 per 
cent nitrogen to promote the formation 
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silicon metal. Table I gives the nominal 
composition and actual carbon and nitro- 
gen contents of the steels. 

The ingots were hot-rolled, without 
prior forging, at an initial temperature of 
1150 to 1175 C into }-in. plate and ;¢-in. 
thick strip. 


8 


T T T 
7 
b= 
2 
= 
oO 
70.02—0.025%C 
0.033—O0035%C 
5 
| 
Austenite + Ferrite 
7 8 9 10 I 12 


Manganese, per cent 


Fic. 2.—Effect of Carbon, Nickel, Manganese on the Structure of Steels Containing 18 per cent [: 
Chromium and 0.22 per cent Nitrogen and After Heating 30 min at 1075 C. al 


of austenite. The nitrogen content of the 
steels studied in this investigation was 
arbitrarily set at 0.22 per cent to avoid 
porosity and to help maintain an aus- 
tenitic structure as carbon was de- 
creased. 

The steels were made by induction 
melting in a magnesia-lined furnace. 
Each charge weighed 15 lb and consisted 
of Armco ingot iron, low-carbon ferro- 
chromium, low-carbon 2 per cent nitro- 
gen-ferrochromium, 6 per cent nitrogen- 
electrolytic-manganese metal, electrolytic 
nickel, low-carbon manganese metal, and 


EFFECT OF COMPOSITION ON 
INGot POROSITY 


Ingot porosity was investigated by 
examining polished longitudinal sections 
machined from the center of the upper > 
one-third section of the ingot. 

No evidence of porosity was found 
except in some of the 7 per cent manga- 
nese steels. The porosity is presumably = 
due to the fact that the solid solubility of — 
nitrogen was exceeded in these steels. As 
shown in Fig. 1, the porosity was criti- 
cally related to the carbon and nickel 
contents of the steel 
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(d) 18Gr-9Mn-4.5Ni-0.22N 


24S 650 


/ 6hrs650C 


= 
Thr 65 
Anhealed 


(t) 18Cr-7Mn-6Ni-0.22N (®) 18Cr-9Mn-SNi-0.2 


24 hrs 6500-— 
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6hrs 650C 


- | 


+ 
Annealed 2 6506 


T 
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4 


24 hrs6506.—}> 
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T 
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Annealed 
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Fic. 3.—Corrosion Resistance of Steels in Boiling 
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(j) x 
0.06 r —+ 
0.04 
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s 
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3 
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0.04 
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/} 
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65 per cent Nitric Acid After Heating at 650 C. 
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_ Fic. 4.—Corrosion Resistance of Steels in 10 per cent Nitric Plus 3 
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(9) (j) 


24hrs650C 
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| Z 


T 
24hrs 650C 


5.0 


40 


6hrs 650C 


E 
a 
° 
c 
° 
- 
° 


Z 


Annealed 


(i) (1) 
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0.02 0.03 004 00! 0.02 0.03 
Corbon, per cent 
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Carbon Corbon 
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itizot 
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Edge 00 


Crocks 


No Cracks 000 500 500 _500 OH 
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Sensitization 650 650 Ce) Co 
Treatment 


-Errect oF Composition ON DELTA 
FERRITE CONTENT 


The ferrite content of the steels was 
estimated by a magnetic pull test pre- 
viously described (4), and by metallo- 
graphic examination. The information 
gained from these tests was used to 
construct the structural diagram shown 
in Fig. 2. 

The amount of ferrite increased with 
decreasing carbon and nickel. It also 
increased with the addition of more than 
9 per cent manganese. The ferrite- 
forming behavior of manganese is in 
agreement with earlier studies which 
showed that, when manganese is in- 
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Fic. 5.—Resistance of Steels to Intergranular Corrosion in Boil- 


The immersion times are shown 


creased above about 4 per cent, it acts as 
an austenite stabilizer rather than an 
austenite former, and when increased 
above about 9 per cent, it acts as a ferrite 
former (4). The reason for this dual be- 
havior of manganese has not been estab- 
lished. 


Test CONDITIONS 


The intergranular corrosion tests were 
conducted on specimens heated 30 min 
at 1075 C and air-cooled, then reheated 
1, 6, or 24 hr at 650 C; 100 hr at 550 C; 
8 weeks at 400 C; or 16 weeks at 300 C. 

The corrosion test solutions consisted 
of boiling 65 per cent nitric acid, 10 per 
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ing Acidified Copper Sulfate Solution After Heating at 650 C. 


at the tops of the bar graphs. 


cent nitric acid-3 per cent hydrofluoric 
acid at 70 C, and boiling, acidified, cop- 
per sulfate solution. The latter solution 
contained 50 g of CuSO,-5H2O, 50 ml of 
concentrated sulfuric acid, and 420 ml of 
water. 

The nitric and nitric-hydrofluoric acid 
test specimens were 13 in. long by 1 in. 
wide by } in. thick and were polished on 
all sides with No. 120 emery paper, 
whereas the boiling acidified copper sul- 
fate solution test specimens consisted of 
unpolished, sandblasted strips 5 in. long 
by 3 in. wide by 7g in. thick. 

The boiling 65 per cent nitric acid 
tests were conducted in accordance with 


the tentative ASTM Standard A 262.5 
The corrosion rates from the third 
48-hr test period were used in evaluating 
the steels because it has been found that, 
in general, the third period rate is about 
equal to the average rate of five 48-hr 
test periods. A corrosion rate of 0.002-in. 
penetration per month was arbitrarily 
adopted as the limit of satisfactory 
corrosion resistance. 

The nitric-hydrofluoric acid tests were 
conducted for a single period of a 1 hr 


5 Tentative Recommended Practice for Boil- 
ing Nitric Acid Test for Corrosion-Resisting 
Steels (A 262-55T), 1955 Book of ASTM 
Standards, Part 1, p. 1108. 
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TABLE II.—RESULTS OF BOILING 65 PER CENT NITRIC ACID TESTS 4 
ON SPECIMENS HEATED AT 650 C. 
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$293 
$292 
$294 


$159 
$160 
$161 
$260 
$200 
$162 


$163 
$164 
$165 
$166 
S201 


$167 
$313 
$169 
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Composition, per cent 


Third Period Corrosion Rate. 
Penetration, in. per month 


Nickel | Silicon Carbon® | 
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| Heated 34 | 
hr at | 

| 1075 C and | 
Air-Cooled | 


> 


0008 
00082 | 
00082 | 
00089 | 
00094 


.0010 
-OO11 
-0010 
.0012 
.0013 
-0013 


-OO11 
-0010 
-0013 
.0011 


.0010 
.00093 
.00095 
.00099 
-0011 
.00094 


.00078 
.00086 
.00095 
.0010 

.0011 


-00078 
0.00073 
0.00083 
0.00087 
0.00081 


Heated 4% hr at 1075 C and 
Ai led 


.00073 


-00074 


.00078 


-09087 


.0012 


- 00072 
-00079 


.0042 


0.059 
0.0065 


Air-Coo 
Reheated | Reheated | Reheated 
1 hrat rat hr at 
650 C 650 C 650 C 
N.T. | NAT. N.T. 
N.T. N.T. N.T. 
N.T. N.T. N.T 
N.T. N.T. N.T 
N.T. N.T. N.T 
N.T. N.T. N.T 
N.T. N.T. N.T. 
0.0010 00098 | 0.0013 
| 0.0010 .0010 0.0014 
0.0010 .0010 0.0012 
0.0011 .0019 0.016 
0.0012 .0020 0.048 
0.00083 .00096 | 0.00093 
0.00082 .00092 | 0.0012 
0.00089 .0011 0.0016 
0.00086 .0012 0.0036 
0.00096 0.0075 
0.0011 .0011 0.0011 
0.0012 .0013 0.0018 
| 0.0011 0.0022 
0.0012 .0016 0.0027 
0.0014 0.0020 
0.0013 .0061 0.037 
0.0010 0.00098 | 0.0011 
0.0010 0.00098 | 0.0011 
0.0011 0.0012 0.0029 
0.0010 0.0011 0.0014 
0.0012 0.0018 0.0074 
0.0010 0.0010 | 0.00097 
0.00099 | 0.0012 0.0020 
0.00099 | 0.0011 0.0012 
0.0010 0.0010 0.0013 
0.0011 0.0011 0.0038 
0.0022 | 0.071 
.00075 | 0.00080 | 0. 
.00085 | 0.00089 | 0. 
.00088 | 0.0010 0. 
.00094 | 0.020 | O. 
.0023 0.024 0. 


to 
to 


: 
| 914 
ait 
Heat 
Chro- |Manga- | 
S318 | " 
> $319 | 18.25 | 7. 
$286 | 18.25 | 7. 
$287 | 18.25 | 7. 
S288 | 18.25 | 7. 
$289 | 18.25 | 7. 
= $324 | 18.2 
$325 | 18.2 
a $326 | 18.2 
$327 | 18.2 
$328 | 18.2 
A $329 | 18.2 
S151 | 18.2 010 
$152 | 18.2 021 
Zi $153 | 18.2 026 
ae $154 | 18.2 028 
$198 | 18.2 037 
S155 | 18.25) 9. 013 
S157 | 18.25 | 9. 
S158 | 18.25 | 9 0 027 
S156 | 18.25. 9 0| 0 .029 
S311 | 18.25 | 9 0 037 
$199 | 18.25, 9 043 
$320 | 18.25) 9 012 
18.25 | 9 .023 
18.25 | 9 .028 
18.25) 9 034 
18.25 | 9 .040 
18.25 | 9 010 
| 18.25 | 9 .020 
| 18.25 | 9 .021 
(18.25 | 9 
| 18.25 | 9 .035 
# 18.25 9 .036 
| 18.25 | 9 .010 
18.25) 9 021 
(18.25 9 024 
18.25 9 .027 
18.25 9 .036 
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TABLE II.—Concluded. 


Composition, per cent 


Third Period Corrosion Rate. 
Penetration, in. per month 


Heat | | | 


| Chro- 


Manga- 
| mium 


Hickel | Sili 
pa Nickel | Silicon | Carbon’ 


O15 
.025 
.027 
.033 
-042 


.O19 
.022 
.026 
.034 
.039 
.04 


.014 
.022 
.025 
.033 
.035 


.023 
.027 
.035 
.04 


S184 
S185 
S186 
$206 


S187 
$265 
S189 
S188 
$190 


-021 
.026 
.029 
.038 


Nitro- 


Heated '4 hr at 1075 C and 

Heated 14 Air-Cooled 
hr at 

1075 C and 


Air-Cooled Reheated 


Reheated 
1 hr at 6 hr at 
650 C 


650 C 


Reheated 
24 hr at 
650 C 


.00053 
.00054 
.00062 
.00057 
.00064 | 
.00069 


00055 | 
00050 | 
00064 
00062 
0026 
0040 


.00057 
.00055 
.014 
-061 
.053 


to 
to 


.OO11 
0011 
.0010 
.0011 
.0012 


.0012 
.OO11 
.0012 
.0014 
.0034 


.0011 
.0012 
.0096 


.0014 
.023 
.059 
.O86 


~ 


rot 


~ 


- 00094 
.0010 
.OO11 


.0009 
.OO11 
.0016 


00093 
0011 
.0013 .019 
.020 


.OO11 


.00079 
00086 
00088 
00090 
.00091 


.00077 
00086 
00089 
0017 


.00077 
00086 
.0059 
.052 
.057 


.00084 


.00066 
00068 
00081 
.00078 
.00084 


.00065 
.00069 
.0012 
.010 


.00069 
.00070 
.074 
.035 .O76 
.O78 15 


00072 
.00069 


to ty ly 
‘= 


Ww Ww bo 


* Actual content. 


°N.T. = Not tested for intergranular corrosion resistance because of ingot porosity. 


duration. The test was limited to a single 
period because of the high weight losses 
produced by this test solution, and be- 
cause this solution is an extremely sensi- 
tive detector of intergranular corrosion. 
The susceptibility of the steels to inter- 
granular corrosion was based on the ratio 
of the corrosion rate after heat-treatment 
to that in the solution-heat-treated con- 
dition, and the steel was considered to 
have failed intergranularly if this ratio 
exceeded about 1.25. 

With the exceptions stated below, the 
boiling copper sulfate tests were made as 
designated in the tentative ASTM 


Standards A 393-55 T.® The ratio of 
volume of solution to specimen area was 
approximately 25 ml per sq in. instead 
of the recommended 50 ml per sq in. In 
order to more closely evaluate the resist- 
ance of the steels to intergranular corro- 
sion, the specimens were bent through — 
180 deg and examined for cracks at a 
magnification of 50 after test periods of 
approximately 7, 24, 50, 100, 200, 300, 

® Tentative Recommended Practice for Con- 
ducting Acidified Copper Sulfate Test for In- 
tergranular Attack in Austenitic Stainless Steel 


(A 393 — 55 T), 1955 Book of ASTM Standards, 
Part 1, p. 1135. 


—— 
| er 
| 4 
= 
| 18.25 | 9.0 | 10.0 21 0 0.00058 
$262 18.25 | 9.0 | 10.0 19 | 0 0.0014 
S173 18.25 | 9.0 | 10.0 22 | 0 0.078 
S172 | 18.25 | 9.0 | 10.0 22 | 0 0.11 
S174 | 18.25 | 9.0 | 10.0 23 | 0 0.14 
$203. 18.25 9.0 | 10.0 22 | 0 0.21 
fe} 
S322 18.25 | 11.0 | 4.5 = 
$323 | 18.25 | 11.0] 4.5 
S298 18.25 11.0|) 4.5 
2 $299 | 18.25 | 11.0) 4.5 
$300 | 18.25) 11.0) 4.5 
$301 | 18.25 11.0) 4.5 
93 Si79 18.25 11.0) 5.0 210 
2 S180 | 18.25 11.0) 5.0 23 | 0 
S181 | 18.25 | 11.0) 5.0 22 0 
6 S182 | 18.25 | 11.0 | 5.0 23 | 0 
5 S205 | 18.25] 11.0] 5.0 23 | 
18.25 1.0 | 6.0 21 0 
18.25 | 11.0] 6.0 24 0 0.00 
2 18.25 11.0 6.1 23 | 0 0.055 
7 18.25 | 11.0 2210 0.11 
0 18.25 | 11.0 23 | O 0.11 2 
18.25 | 11.0) 
18.25 11.0 7. 
18.25 11.0 7.6 
9 18.25 11.0) 7. 
18.25 | 11.0| 7.0 
97 
0 
2 ace 
3 é 
78 
73 
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TABLE III.—RESULTS OF TESTS IN 10 PER CENT NITRIC-3 PER CENT 
HYDROFLUORIC ACID AT 70 C ON SPECIMENS HEATED AT 650 C. 


Composition, per cent 


Silicon | Carbon* 


— 


soe 


Or or or or Or cococeo 


COSOSS 


~ 


~ 


0. 


bo bo be te 
NO bo bo bo 


coo 


SERS 


ly 
bo & bo 


Heated 14 hr at 1075 C and 
led 


Heated Air-Coo 
1075 C an 
CC Reheated | Reheated | Reheated 
1 hr at 6 hrat 24 hr at 
650C | 650C 650 C 


N.T! | N.T N.T. N.T. 
N.T. N.T. N.T. N.T. 
N.T. N.T. | N.T. 
N.T. N.T. 
N.T. | WT. N.T. 
N.T. N.T. | N.T. 
N.T. N.T N.T. N.T. 
0.94 | 0.98 | 0.94 1.08 
1.15 1.23 | 1.26 1.40 
1.04 1.23 1.12 1.46 
4.37 1.31 1.38 5.03 
1.22 1.38 2.42 6.14 
0.86 0.88 0.82 1.08 
0.72 0.78 0.81 3.43 
0.82 0.91 0.94 3.26 
0.91 0.96 0.92 4.38 
1.46 1.18 1.09 3.38 
1.08 1.09 1.06 1.19 
1.08 1.2 1.15 1.40 
1.27 1.44 1.70 4.36 
0.96 | 1.17 2.14 4.98 
1.36 1.52 1.43 3.72 
2.00 1.74 3.00 7.75 
1.16 1.29 1.06 1.03 
1.28 1.36 1.12 1.10 
1.25 1.09 1.38 2.48 
1.56 1.51 1.84 4.20 
1.30 1.10 1.44 3.52 
1.20 1.25 1.03 0.85 
0.90 1.03 1.24 2.13 
1.06 1.12 1.03 1.14 
1.40 1.39 1.09 1.62 
1.67 1.44 1.58 | 2.69 
1.11 1.36 1.77 6.16 
0.89 | 0.96 0.82 0.85 
0.84 0.90 0.89 1.85 
0.97 1.04 1.16 3.87 
1.08 2.02 2.29 3.47 
1.32 1.56 3.77 4.19 
0.85 0.90 0.76 0.79 
0.92 1.18 0.83 1.10 
0.78 1.05 2.23 3.63 
0.96 2.41 4.82 5.46 
1.21 1.25 2.82 4.75 


= 
4 | Manga | 
mium gen® 
J S318 | 18.25 1.017 | 0.22 
$319 | 18.25 ).020 0.22 
$286 | 18.25 ).028 | 0.22 
ga $287 | 18.25 ).030 | 0.21 
a ; S288 | 18.25 ).036 | 0.21 
S289 | 18.25 0.040 | 0.22 
$324 | 18.25 0.015 
ee $325 | 18.25 0.024 
$326 | 18.25 0.028 
“ $327 | 18.25 0.029 
$328 | 18.25 0.034 
$329 | 18.25 0.043 
| 
eet S151 | 18.25 0.010 
$152 | 18.25 0.021 | 
ey. $153 | 18.25 0.026 
$154 | 18.25 0.028 
$198 | 18.25 0.037 | 
i $155 | 18.25 0.013 } 
$157 | 18.25 0.025 
S158 | 18.25 0.027 
S156 | 18.25 0.029 
S311 | 18.25 0.037 
= : $199 | 18.25 0.043 
; 4 $320 | 18.25 0.012 
$321 | 18.25 0.023 
$293 | 18.25 0.028 
S292 | 18.25 0.034 
$294 | 18.25 0.040 
al | $159 | 18.25 0.010 
$160 | 18.25 9.020 
= S161 | 18.25 0.021 
S260 | 18.25 0.026 
$200 | 18.25 0.035 
$162 | 18.25 0.036 
$163 | 18.25 0.010 
S164 | 18.25 0.021 
S165 | 18.25 0.024 
$166 | 18.25 0.025 | 
S201 | 18.25 0.036 
$167 | 18.25 0.015 | 
$313 | 18.25 O | ¢ 0.020 | @ 
on S169 | 18.25 O | ¢ 0.028 
“Ra S170 | 18.25 O | ¢ 0.034 
S202 | 18.25 O | 0.040 


TABLE III. Concluded. 


Co ition, t Heated 4} hr at 1075 C and 
mposition, per cen Heated ‘Air-Cooled 
Heat rat 
}1075 C and 
Cheo- | Nitro- |Air-Cooled| Reheated | Reheated | Reheated 
| | Nickel | Silicon | Carbon® gen® | | 
$171 18.25 | 9.0 | 10.0 | 0.4 | 0.015} 0.21 | 0.62 | 0.67 | 0.55 0.77 
$262 | 18.25, 9.0 | 10.0 | 0.4 | 0.018 | 0.19 | 0.75 | 0.83 | 0.62 1.12 
$173 | 18.25; 9.0 | 10.0 | 0.4 | 0.025] 0.22 | 0.66 | 0.84 | 2.25 3.47 
$172 | 18.25, 9.0 | 10.0 | 0.4 | 0.027] 0.22 | 0.58 | 0.95 | 2.12 3.63 
$174 | 18.25| 9.0 | 10.0 | 0.4 | 0.033] 0.23 | 0.57 | 2.15 | 2.27 3.02 
$203 | 18.25 | 9.0 | 10.0 0.4 | 0.042 | 0.22 0.96 1.53 3.05 3.71 
s322 | 18.25| 11.0} 4.5 | 0.4 | 0.019| 0.22 | 1.21 | 1.42 | 1.28 1.44 
$323 18.25 | 11.0 | 4.5 0.4 0.022 | 0.22 1.44 1.68 | 1.52 | 1.85 
$298 | 18.25/ 11.0 | 4.5 | 0.4 | 0.026] 0.22 | 1.56 | 1.61 1.60 1.62 
$299 | 18.25/ 11.0 | 4.5 | 0.4 | 0.034] 0.22 | 1.50 | 1.79 | 2.50 4.20 
S300 | 18.25| 11.0 | 4.5 | 0.4 | 0.039| 0.22 | 1.50 | 1.64 | 2.22 5.10 
$301 | 18.25] 11.0 | 4.5 | 0.4 | 0.04 | 0.21 | 1.40 | 1.85 | 3.45 4.90 
$179 | 18.25| 11.0} 5.0 | 0.4 | 0.014] 0.21, 1.11 | 1.06 | 1.02 | 1.09 
$180 | 18.25 | 11.0 5.0 | 0.4 | 0.022 | 0.23 | 1.08 | 1.07 1.46 3.43 
$181 | 18.25| 11.0 | 5.0} 0.4 | 0.025] 0.22 | 1.13 | 1.18 | 1.80 6.81 
S182 | 18.25] 11.0 | 5.0 |] 0.4 | 0.033} 0.23 | 1.26 | 3.01 | 4.14 6.75 
$205 18.25 | 11.0 | 5.0 0.4 0.035 | 0.23 | 1.57 | 2.68 5.1 10.8 
S183 | 18.25) 11.0 | 6.0 | 0.4 | 0.015 | 0.21 | 0.94 | 0.90 | 0.88 0.96 
$184 | 18.25| 11.0 | 6.0 | 0.4-| 0.023| 0.24 | 0.98 | 0.88 | 0.88 | 1.51 
$185 | 18.25/ 11.0 | 6.0 | 0.4 | 0.027| 0.23 | 1.11 1.10 | 1.87 5.37 
$186 | 18.25 | 11.0 | 6.0 | 0.4 | 0.035 | 0.22 | 1.37 | 2.01 | 4.65 | 6.99 
S206 | 18.25 11.0 | 6.0 | 0.4 | 0.04 | 0.23 | 1.51 | 2.50 | 4.25 8.16 
S187 | 18.25| 11.0 | 7.0 | 0.4 | 0.016 | 0.21 | 0.90 | 0.76 | 0.75 | 0.67 
$265 | 18.25) 11.0 7.0 | 0.4 | 0-031 0.20 | 1.13 | 1.30 | 0.91 0.85 
$189 | 18.25/ 11.0 | 7.0 | 0.4 | 0.026| 0.22 | 1.14 | 1.04 | 3.13 3.39 
$188 = 11.0 | 7.0 | 0.4 | 0.029|] 0.23 | 0.86 | 1.19 1.95 2.26 
$190 18.25 | 11.0 | 7.0 | 0.4 | 0.038 | 0.23 uae | 1.79 | 3.89 6.14 
* Actual content. 
'N.T. = Not tested for intergranular corrosion resistance because of ingot porosity. 
and 500 hr. The specimens were removed To illustrate this relationship, the car- 
from test either when severe cracks were bon limit derived from tests in boiling, 
observed or at the end of 500 hr. 65 per cent nitric acid solution on speci- 
Descuesenes mens heated 6 hr at 650 C is plotted in 


Fig. 6 as a function of the sum of the 
manganese-plus-nickel contents of the 
steel. It is seen that the carbon limit 
decreases as the sum of these elements 
increases. In view of the commercial 
retains its immunity under theconditions  . 
of test is related to the sum of the man- ‘™Portance of developing steels exhibit- 
ganese and nickel contents of the steel. 98 the maximum tolerance for carbon, 
This relationship between the carbon the relationship between carbon limit 
limit and the alloy content of the stee] and the manganese-plus-nickel content 
is similar to the relationship which exists of the steel was evaluated for each test 
in the 0.03 per cent carbon austenitic condition. The results of this study are 


Analysis of the intergranular corrosion 
data, summarized in Figs. 3 to 5 and in 
Tables II and III, revealed that the maxi- 
mum carbon content at which the steel 


chromium-nickel steels (2). discussed below in greater detail. 
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Solution After Heating 100 hr at 550 C. 
The immersion times are shown at the tops of the bar graphs. 


BisHOP 


0.05 | The carbon limits for 1, 6, and 24 hr 
at 650 C are tabulated below: 
Intergranular 
2 Manga- 
Heating Time | nese Boiling 10 per Boili 
5 Pa at 650 C, hr Nickel 65 per cent oling 
oO per cent | HNOs-3 |Acidified 
No Attack > HNO, cent | CuSO. 
%oMn 
x 9% Mn 
0.01 oll 14 0.050 | 0.040 | 0.050 
i2 14 16 is 20 1 18 0.035 0.030 0.040 
t 
wongenese Nickel, per cen 14 0.035 | 0.030 | 0.030 
Fic. 6.—Relationship Between Carbon Limit go... £.0.. 18 0.025 | 0.020 | 0.020 
for Immunity to Intergranular Corrosion After 
6 hr at 650 C and the Manganese-Plus-Nickel 24......... 14 0.025 | 0.020 | 0.020 
Content of the Steel Determined from Tests in 924......... 18 0.020 | 0.015 | 0.015 
Boiling 65 per cent Nitric Acid. 
(0) 
No 8 hi é wee 
b) (d) 
surtoce 19 7 25 1 | Surtoce| 1 
Cracks Cracks | Ret | 
Shall Shollow at 
Surface 500 Surface { 
Crocks | Crocks | | 
Shallow Shallow | 
Edge 500 4 Edge H 
Grocks Crocks | | 
No 500 500 No soo; | soo} | 
Content, Content, | 
nt 
surtoce|" 7 1 1 | Surtoce!" 965 7 7 
Sholiow| Shollow | 
Surfoce H HH H H +4 Surface 
Crocks Grocks 
Shollow 500 | | | | 
dge H HH HoH 
Cracks Cracks | | 
_No {500 _500 No | | uu 
Carbon h 
Content, Carbon | 
Fic. 7.—Resistance of Steels to Intergranular Corrosion in Boiling Acidified Copper Sulfate 
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In each test condition, the carbon 
limits decrease as the manganese-plus- 
nickel increases. The carbon limits based 
on the tests in nitric acid are in reason- 
ably good agreement with those derived 
from the tests in boiling-acidified-copper- 
sulfate solution. Carbon limits for partial 
immunity based on the nitric-hydro- 
fluoric acid test are slightly lower, reflect- 
ing the greater severity of the latter test 
solution. Since current commercial arc- 
furnace melting practice restricts the 
minimum carbon content to about 0.025 
per cent, it is evident that complete im- 
munity to intergranular attack, as indi- 
cated by resistance after 24 hr at 650 C, 
imposes a limit of 14 per cent on the 
manganese-plus-nickel contents. Some- 
what higher percentages of these ele- 
ments are permissible if the heating time 
is limited to 1 hr at 650 C. 


EFFECT OF EXTENDED HEATING AT 
300 to 550C 


The corrosion tests conducted on 
specimens heated 16 weeks at 300C, 8 
weeks at 400 C, and 100 hr at 550 C were 
limited to boiling 65 per cent nitric acid 
and boiling acidified copper sulfate so- 
lutions. 

None of the steels exhibited intergran- 
ular attack after heating at 300 C for 16 
weeks or at 400 C for 8 weeks. As shown 
in Table I and in Fig. 7, steels containing 
0.025 per cent carbon were resistant to 
attack after 100 hr at 550 C provided the 
total manganese plus nickel was less than 
14 per cent. These results are in satisfac- 
tory agreement with the predictions for 
complete immunity based on the 650 C 
tests. 


SUMMARY AND CONCLUSIONS 


The effect of up to 0.045 per cent car- 
bon and the sum of the manganese and 
nickel contents on the intergranular 
corrosion resistance of austenitic steels 
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containing 18 per cent chromium, 7 to 11 
per cent manganese, 4 to 10 per cent 
nickel, and 0.22 per cent nitrogen was 
investigated. With one exception, the 
study was restricted to steels containing 
more manganese than nickel. 

The carbon tolerance was found to 
decrease as the sum of the manganese- 
plus-nickel increased above 14 per cent. 
Steels containing about 0.05 per cent 
carbon and up to 14 per cent manganese- 
plus-nickel, and about 0.035 per cent 
carbon and 18 per cent manganese-plus- 
nickel are resistant to intergranular at- 
tack after 1 hr at 650C. Those con- 
taining 0.02 to 0.025 per cent carbon and 
14 per cent manganese-plus-nickel and 
about 0.02 per cent carbon and 18 per 
cent manganese-plus-nickel are resistant 
after 24 hr at 650 C. Complete immunity 
as indicated by the resistance of the 
steels after heating 24 hr at 650C, 
imposes a limit of 14 per cent manganese- 
plus-nickel since current arc-melting 
practice limits carbon to about 0.025 per 
cent minimum. The economics of melting 
also suggest that a similar manganese- 
plus-nickel limit should be applied to the 
steels meeting the requirements after 1 
hr at 650 C, although the carbon limits 
for partial immunity are less restrictive 
than for complete immunity. 

The steels meeting the requirements 
for 1 hr at 650 C should be satisfactory 
for use in the as-welded or stress-relieved 
conditions in a great majority of appli- 
cations, and those meeting the require- 
ments for 24 hr at 650 C should be satis- 
factory for continuous service at 
temperatures in the carbide precipitation 
temperature range. Although limited to 
short periods of exposure at higher tem- 
peratures, the steels meeting the require- 
ments for 1 hr at 650 C can be heated 
continuously at temperatures as high as 
400 C without danger of becoming sus- 
ceptible to intergranular attack, 
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(1) A. B. Kinzel and R. Franks, “The Alloys of 
Iron and Chromium,”’ Vol. II, High-Chro- 
mium Alloys, The Engineering Foundation, 

1940, New York, N. Y. 

(2) W. O. Binder, C. M. Brown, and R. Franks, 
“Resistance to Sensitization of Austenitic 
Chromium-Nickel Stainless Steels of 0.03 


Per Cent Max Carbon Content,” Transac- 
tions, Am. Soc. Metals, Vol. 41, p. 1301 
hing 
Mr. W. G. Rensuaw! (presented in 


written form)—The authors are to be 
congratulated on their very complete 
investigation of the influence of composi- 
tion on intergranular corrosion resistance 
of these steels. The results provide very 
valuable information regarding resist- 
ance to intergranular corrosion where 
these new steels are to be welded or 
heated short times in the sensitizing 
range. 

Mr. Binder and his coworkers have 
shown that within the limit of 14 per 
cent manganese plus nickel content, a 
(0.025 per cent carbon content will assure 
complete resistance to intergranular 
attack after heating 24 hr at 650C. 
Based on this they believe that a steel 
meeting this requirement should be 
satisfactory for continuous service at 
temperatures in the carbide precipita- 
tion temperature range. We are wonder- 
ing whether resistance to intergranular 
attack after 24 hr at 650 C can be con- 
sidered sufficient assurance that a mate- 
rial is satisfactory for continuous service 
at this temperature. Kiefer and Sheri- 


1 Allegheny Ludlum Steel Corp., 
Lab., Brackenridge, Pa. 
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of 


of 


dan? in their discussion of low-carbon 
austenitic chromium-nickel _ stainless 
steels suggest that a more conservative 
100 hr at 650 C (1200 F) may only be a 
fair indication of resistance to intergran- 
ular corrosion after longer periods of 
exposure. They caution, however, that 
even this test may not be positive proof 
since there is a possibility that some 
failures might have resulted after longer 
time in the sensitizing range or longer 
periods of time in the test medium. While 
nitrogen in the amounts added to these 
chromium-nickel-manganese steels has 
not shown any apparent promotion of 
intergranular corrosion after short sen- 
sitizing time, we wonder whether this 
is still true for prolonged exposure per- 
haps as long as 500 or 1000 hr at 550 C 
(1000 F) or 650 C (1200 F). 

In regard to the authors’ statement 
that the third period corrosion rate is 
usually about the same as the average 
of five periods in the boiling nitric acid 
test, we agree this may be frequently 
true provided a certain standard grain 
size is employed. However, where varia- 

2George C. Kiefer and C. M. Sheridan, 
“Effect of Composition on Low Carbon Austen- 
itic Chromium-Nickel Stainless Steels,” Year- 


book, Am. Iron and Steel Inst., pp. 476-499 
(1948). 
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tion in grain size exists, two identical 
compositions can behave quite differ- 
ently, since the number of grains which 
fall out of the test specimen and the 
ease with which this occurs can influ- 
ence corrosion rates seriously. This grain 
fall out may not be significant in many 
instances until the fourth or fifth 48-hr 
period, while in others it may occur 
after one or two. For this reason we be- 
lieve no concise rule can be set up which 


can establish a relation between the 
average (of five) and third period cor- 
rosion rates. This is, however, a rather 
useful time saving assumption, which 
is fairly applicable in cases where little 
or no intergranular attack is encoun- 
tered. 
” Mr. J. J. Hecer.*—It is interesting 
6 to note that the carbon and nickel limits 
7 for porosity shown in Fig. 1 and the 
adh carbon and nickel limits for delta ferrite 
of shown in Fig. 2 are quite similar. Thus 
= one wonders if the porosity is controlled 
- by the carbon and nickel or by the delta 
ferrite. 
aa The carbon limits for resistance to 
= intergranular corrosion by nitric acid 
ile are higher than the carbon limits for 
- intergranular corrosion by copper sul- 
- fate sulfuric acid. Does this mean that 
of the copper sulfate test is somewhat more 
wd aggressive than the nitric acid test? 
his The authors used a corrosion rate at 
ol the end of three periods, rather than the 
VC average corrosion rate after five periods. 
Is there evidence that the corrosion rate 
ent at the end of three periods is about the 
fee same as the average corrosion rate after 
Age five periods? 
cid Mr. J. THompson (author’s closure) — 
tly The authors wish to thank Mr. Renshaw 
ain for his discussion of this paper. 
or Evaluation of the steels for intergran- 
dan, ular corrosion resistance after prolonged 
periods within the sensitizing range is 
-499 


Chief Research Engineer—Stainless Steel, 
U.S. Steel Corp., Pittsburgh, Pa. 
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desirable. While the tests made after 
heating the steels 24 hr at 650 C served 
to demonstrate that steels of certain 
compositions were highly resistant to 
intergranular attack, final evaluation 
could best be established under actual 
service conditions. 

Although the presence of nitrogen 
appears to have no major influence on 
the promotion of intergranular corrosion 
after exposure of the steels for 100 hr 
within the carbide precipitation range, 
there are no data at this time to establish 
the effect of nitrogen after periods of 
500 to 1000 hr at these temperatures. 

Mr. Renshaw’s comments regarding 
the influence of grain size on the cor- 
rosion rates of the steels after the third 
and fifth test periods in nitric acid are 
interesting. However, metallographic 
examination of these steels revealed no 
wide variation in grain size. The choice 
made of the rates from the third test — 
period was based on experience from 
tests on a large number of steels in nitric 
acid for five 48-hr periods. Although, as 
noted by Mr. Renshaw, closest correla- 
tion was obtained on the steels having 
the highest resistance to intergranular _ 
attack, with few exceptions, the rates — 
from the third period predicted with 
reasonable accuracy the values obtained 
from the average of five test periods. 

In reply to Mr. Heger’s comment 
regarding the relationship between the — 
delta ferrite content and porosity of the 
steels shown in Figs. 1 and 2, it is believed 
that porosity is primarily influenced by 
the over-all composition rather than _ 
structure. For example, the 7 per cent 
manganese steels exhibiting porosity — 
contained about the same amount of 
delta ferrite as the 9 and 11 per cent 
manganese steels of otherwise similar 
composition which were free from po- 
rosity. 

The minor differences in carbon limits 
shown for the steels in the copper sulfate - 
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and nitric acid solutions might be at- 
tributed to the qualitative nature of the 
copper sulfate test as opposed to the 
more quantitative results of the boiling 
65 per cent nitric acid solution. In gen- 
eral, the carbon limits based on the re- 
sults of the tests in both solutions were 
in relatively good agreement. However, 


Wing 
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as stated by Mr. Heger, the copper sul- 
fate test appears to impose slightly lower 
carbon limits than the boiling 65 per cent 
nitric acid test. 

The reason for using the third period 
corrosion rate rather than the average 
of five periods is mentioned in reply to 
Mr. Renshaw’s comments. 


> 


*, 
rex? 7 
vy 
= 
7 
‘ 
{ 
4 
= 
~ 
{ 
‘a 
sty 
4: 
af 


e 
fo THE MECHANICAL PROPERTIES OF TYPE 201 CHROMIUM- . 
NICKEL-MANGANESE STAINLESS STEEL SHEET* 


re { 


Fi 


The tensile and compressive properties were determined for two commercial 


heats of type 201 sheet with cold reductions from 0 to 60 per cent. The tension 
tests were made on standard specimens taken parallel and perpendicular to the pA 
rolling direction. The compression tests were made using the Montgomery- —s_—© 


Templin compression jig. 


The influence of stress-relieving heat treatments at 600 F, 800 F,and900F 

was determined for both tensile and compressive properties. ; 
The results are presented as ultimate tensile strength, 0.2 per cent offset yield __ uv. 

strength, elongation in 2 in., initial and tangent modulus, and stress-strain 


curves. 


AISI type 201 is a chromium-nickel- 
manganese austenitic stainless steel 
which has been recently standardized, 
and the following composition limits 
have been established: 


Carbon, max per cent ....... 0.15 
Manganese, per cent........ 5.50 to 7.50 
Chromium, per cent........ 16.00 to 18.00 
Nickel, per cent. ............ 3.50 to 5.50 
Nitrogen, max per cent...... 0.25 


The various elements in this steel are 
so balanced that a relatively unstable 
microstructure results. As a consequence, 
a partial transformation to martensite 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Allegheny Ludlum Steel Corp., Research 
Laboratory, Brackenridge, Pa. 2 


The object of this paper is to provide data that can be used for the designof 
those structures where type 201 is expected to find increased application, = = 


occurs during cold rolling, resulting in 
high mechanical strength. In this respect, 
type 201 very much resembles type 301 
chromium-nickel steel and, in fact, can 
be considered an alternate to type 301. 
Moreover, the resistance of type 201 
in the mildly corrosive environments 
normally encountered in structural ap- 
plications is also similar to that of type 
301. 

Since this newer steel requires only 
half as much nickel as type 301 but has 
very similar properties, it is expected to 
gain importance and to find widespread 
application in stationary facilities and 
especially in mobile structures where a 
high strength-weight ratio is required. 

The object of this paper is to present a 
detailed investigation of the tensile and 
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compressive properties of type 201 in 
both the annealed and cold-rolled condi- 
tions. The data summarized here will 
be useful, it is hoped, in the solution of 
design and other problems involving 
consideration of mechanical properties. 


EXPERIMENTAL PROCEDURE 


Tension Tests: 


Standard ASTM specimens 0.5 in. 
wide,? machined to accommodate a 2 
in. gage length, were used for all tensile 


we 
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recorded on a Baldwin Model MAI 
autographic recorder. 

The yield strength was determined by 
the 0.2 per cent offset method, and 
throughout this paper the term yield 
strength will be used to mean the stress 
at 0.2 per cent offset. 

A constant strain rate of 0.005 in. per 
in. per min was used up to the yield 
point, and the rate of loading did not 
exceed 100,000 psi per min. From yield 
to failure, a crosshead speed of 0.5 in. 
per min was used. The rate of loading 


CHEMICAL COMPOSITION, PER CENT 


Cc Mn | P 


S | 


6.17 
6.48 


0.022 | 0.006 
0.025 | 0.011 


0.76 
0.54 


Prior PROCESSING AND METALLOGRAPHY 


Annealing 


Initial 
Thickness, in. 
Temperature, 
deg. Fahr. 


Time, min. 


ASTM Grain 


Size ASTM Inclusion Rating 


2000 
2000 
2000 


4—ac* 
4—ac 
7—ac 


No. 6 
No. 5-6 
No. 5-6 


No. 2 Thin Series 
No. 2 Thin Series 
No. 2 Thin Series 


ac—Air cooled. 


work. Two specimens were cut both 
longitudinal and transverse to the roll- 
ing direction. When agreement was 
considered not within acceptable limits, 
a new set of two specimens was used. 

The tests were performed with one 
400,000-lb capacity and two 120,000- 
lb capacity Baldwin-Southwark Univer- 
sal testing machines. All three were 
calibrated and certified in May, 1955. 

The strain was measured with a Model 
TIM microformer extensometer and was 


2 Methods of Tension Testing of Metallic 
Materials (E8-54T), 1955 Book of ASTM 
Standards, Part I, p. 551. 


was determined by use of the Baldwin 
time interval marker integrated with the 


autographic recorder. 


Compression Tests: 


Compression tests were made by use 
of the Montgomery-Templin compres- 
sion jig. Specimens were 2.625 in. long 
and 0.625 in. wide and were cut in the 
same manner as the tension specimens. 
Again, a new set of two specimens was 
tested if agreement between the two 
originals was considered inadequate. 

The tests were performed on the two 
120,000-Ib capacity Baldwin-Southwark 


‘ae 
| 
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= 

Heat | ce | | om | 
No. 0.000 | | | | 16.83 | 3.83 | 0.14 | 0.11 
r.92 | 4.31 | 0.18 | 0.17 

| 
No. 0.063 | 
No. 69346 .| 0.122 


vin 
the 
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Universal testing machines previously 
mentioned. 

The strain was measured with a 
Baldwin-Lima-Hamilton Model PC5M- 
1i compressometer and was recorded on 
a Baldwin Model MAT autographic 
recorder. 

A controlled crosshead speed of 0.02 
in. per min was maintained for all com- 
pression testing. 


MATERIALS 


The steel used in this investigation 
was taken from two production heats 
which had been processed on a con- 
tinuous (tandem) hot rolling mill and 
then cold rolled to the initial thicknesses 
shown in Table I. The material was 
subsequently mill annealed at 2000 F. 
In order to avoid inducing any direc- 
tional properties, no leveling operation 
was used. The compositions of the two 
heats are shown in Table I together with 
pertinent processing and metallographic 
data. 

The various cold reductions (expressed 
as per cent decrease in thickness) were 
obtained by rolling on a single stand, 
four-high mill with no tension on the 
steel, using mill practice for sheet mate- 
rial. The cold reduction program is 
summarized in Table II. Also listed in 
this table are the amounts of martensite 
formed, as indicated by the Magne-Gage 
test for each cold reduction. This il- 
lustrates rather clearly the difference 
between the two heats in austenite 
stability which was the basis for their 
selection. Heat No. 25312 has lower car- 
bon, manganese, chromium, nickel, and 
nitrogen than heat No. 69346 and is 
composed, therefore, of a less stable 
austenite. While no claim of accuracy 
is made for magnetic pull measurements 
on thin sheets, such tests are considered 
sufficiently good to illustrate the impor- 
tant differences in the amount of marten- 
site formed upon cold rolling the two 


| 0 0.122 | <0.5 

5 0.116 | <0.5 

10 0.110 | <0.5 

No. 69346....... 14 0.105 | <0.5 

19 | 0.099 | 0.65 

nae 28 | 0.089 1.15 

39 0.075 2.35 

7 0 | 0.066 | <0.5 

at 5 | 0.063 | <0.5 

10 0.060 | <0.5 

No. 69346....... 15 | 0.056 | <0.5 

21 0.052 0.6 

| 29 0.047 0.8 

40 0.040 1. 


heats. For instance, heat No. 25312 
forms about 17.5 per cent martensite _ 
when cold reduced about 40 per cent, 
while heat No. 69346 forms only 1.5 per 
cent martensite for the same cold reduc- 
tion. 

Note that heat No. 69346 was used in 
two thicknesses, one to match that of 


TABLE 1I1.—COLD REDUCTION 
SCHEDULE. 


Gage 

Reduction, Thickness) 

per cent \duction, in.| Per cent 

| 0.063} <0.5 

5 | 0.060 0.6 
10 0.057 1.5 
4 15 | 0.054 4.8 
2 18 | 0.052 5.2 
27 0.046 12.2 
36 0.041 17.5 


heat No. 25312 for more accurate com- 
parison; one heavier gage to determine 
whether thickness, per se, had any effect 
on the mechanical characteristics for a 
given analysis. 


Mopvu.us DETERMINATION 


The initial Young’s modulus was_ 
obtained graphically from the slope of _ 
the tangent to the stress-strain curve at 
zero stress. The agreement between | 
specimens in the same condition was 
good. 
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In order to determine the tangent 
modulus, the method outlined by Watter 
and Lincoln* was utilized. A generalized 
equation can be written for the stress- 
strain relationship for stainless steel: 


lene + K(S/E.)"......... (1) 


or at the yield point: 


Cp = — K 
where: 
S = stress, psi, 
Syp = stress at 0.2 per cent offset, psi, 
e = strain, in. per in., 
E, = Young’s modulus at zero stress, 


psi, and 


nN = constant for each curve. 


This equation can be solved for e 
(for 0.2 per cent offset yield method) 


e = 0.002(S/Syp)" + S/Eo...... (3) 


The n value can be determined for each 
curve from the relationship 


| 


Al ol log 17/7 


4 


. (4) 


where 5S; is the secant yield stress deter- 
mined by the intersection of the stress- 
strain curve with a line through the 
origin with a slope of 0.7£,, and Sy is 

: the secant yield stress for 0.85£, . 
Curves calculated by the method out- 
lined above have been checked with the 


3M. Watter and R. A. Lincoln, “Strength of 
Stainless Steel Structural Members as a Func- 
tion of Design,” Allegheny Ludlum Steel Corp., 


Pittsburgh, Pa. 


 . 


=—— 
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experimental curves. Agreement was 
exceptionally good from zero stress to the 
0.2 per cent offset yield. Differentiating 
Eq 3 gives 


de A(S/Syp)®" + Syp/Eo 


where A = 0.002 n and £, is the tangent 
or instantaneous modulus. 


Test RESULTS 


Longitudinal Versus Transverse Prop- 
erlies: 


_ The results of the tension and com- 
pression tests in the longitudinal and 
transverse directions are shown in Tables 
IiI through V for annealed, cold-rolled, 
and stress-relieved specimens. 

The stress-strain curves have been 
plotted for Heat No. 25312 only and are 
presented in Figs. 1 through 8. The 
stress-strain curves for annealed sheet 
in the longitudinal and transverse direc- 
tions almost superpose. Hence, yield 
strengths are essentially the same, as are 
ultimate tensile strengths. However, the 
ordinates of the compressive stress-strain 
curves are higher than the corresponding 
ordinates of the tensile curves for both 
the longitudinal and transverse speci- 
mens. Consequently, yield strengths are 
higher in compression than in tension. 

Upon cold rolling, these observations 
must be modified. Figures 9 through 15 
are plots of strength versus per cent 
cold reduction. The average of two tests 
has been used in constructing these 
graphs. 

Analysis of the tensile properties in 
the longitudinal and transverse direc- 
tions show practically no difference for 
heat No. 25312, the less stable material. 
As indicated in Fig. 9, the longitudinal 
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TABLE IV.—MECHANICAL PROPERTIES OF HEAT 69346, 0.066 IN. GAGE. 


| 


Tension 
|\Yield Strength, | ‘Elongation in|,- Yield Strength | 
ont Tensile y Modulus, Modulus, 
percent | cent” | strength, psi | ? per | percent | Young? 
As Ros: AL 
0 49 670 | 105535 | 56.5 | 29.0 Xx 108 54.095 | 30.7 X 10° 
5 76 589 117 150 42.5 29.2 55 890 29.6 
7 10 90 260 125 790 34.8 30.4 63 910 28.3 
y ' 15 107 245 139 465 25.8 28.9 72 430 26.8 7 
: 21 121 745 145 585 23.0 27.8 73 965 27.7 
29 150 500 171 500 13.8 25.7 78 995 28.2 
955 145 10.0 26.6 86 765 27.3 
As RoLLeEp—TRANSVERSE 
| 51250 106 745 55.2 | 10° | 53015 | 31.9 x 10° 
mf 5 83 395 115 415 42.0 29.3 | 90 780 30.0 
ao 94 765 122 560 33.5 29.9 112 725 | 27.9 
f} an 112 250 140 240 21.8 29.4 129 300 28.0 
—— 117 755 147 250 18.8 26.7 137 800 30.2 
29 135 415 174 345 11.5 28.0 160 725 30.1 
_ 158 565 195 645 8.0 27.5 186 350_ 29.0— 
STRE ss RELIEVED aT 600 F—LoNGITUDINAL 
~~ & | 77 030 115 945 | 42.8 31.9 X 108 75 770 30.4 X 108 
m— 10 93 765 124 375 34.3 29.6 91 625 31.5 4 
= 15 115 990 141 125 25.8 28.7 103 700 30.6 
: 21 125 860 147 090 23.0 30.0 111 300 28.8 ; 
: 29 158 700 178 140 | 10.3 28.3 125 975 30.1 7 
400 177 605 202-075 8.3 29.5 146 150 | 30.3 
Stress RELIEVED AT 600 F—TRANSVERSE 
| 81 590 115 335 | 42.5 33.2 x 10° | 92 910 30.3 10° 
10 95 310 122 770 | 33.5 30.5 106 750 30.1 
; 15 | 117 345 140 785 22.8 30.3 1382 225 | 28.9 
21 123 420 148 695 20.0 29.8 525 30.8 
= 29 148 395 179 530 | 9.5 29.2 | 174 425 31.7 ; 
40 172 750 204 850 6.0 30.8 | 217750 | 32.5 
Stress RELIEVED aT 800 F—LonGITUDINAL 
5 79 645 | 114 835 43.5 30.5 <X 10° | 73 585 30.7 X 10° 
10 100 510 128 705 34.0 27.5 90 840 30.4 aa 
15 118 465 141 410 26.3 28.4 108 400 | 30.3 | 
21 130 330 149 275 22.8 27 .6 122 925 32.0 — 
29 160 270 174 350 12.0 28.0 | 140 800 | 31.1 
40 | +181 860 | 208870 | 8.8 28.5 | 152175 | 30.5 
Stress RELIEVED aT 800 F—TRANSVERSE 
5 | 81 570 115 840 40.8 29.9 x 108 86 835 | 31.1 x 108 
; 10 97 550 121 590 33.0 27.8 106 350 32.8 
4 15 119 645 142 850 22.8 26.7 | 134 400 29.9 ta 
‘ 21 125 140 148 140 20.3 27.9 141 700 31.1 : 
— 153 940 179 235 11.3 29.0 168 825 31.6 
213 825 | 6.8 30.9 203 700 | 33.2 


Stress 


116 895 
125 870 
142 795 
145 305 
174 425 
199 250 


EVED AT 900 F—LOoNGITUDINAL 


41.0 
34.8 
25.8 
24.8 
14.3 

9.5 


29.4 
29.3 
28.6 
29.5 
27 .6 
26.8 


xX 10 


oroo 


Stress RELIEVED aT 900 F—TRANSVERSE 


116 235 
126 080 
142 050 
150 680 
180 715 
210 460 


41.0 
32.8 


23.3 
19.5 | 


11.3 
| 


7.3 


| 
‘| 
rt { 1 
, 
ad 
“J 
jhe: 
5 78 355 77 845 | 3 10° 
94 260 99 825 2 
‘al oe 116 970 111 775 2 
a 21 121 400 127175 | 3 
29 150 895 187 075 3 
40 179 270 166 675 | 
5 | 81 985 88 170 | 32.7 x 10° 
97 600 28.5 108975 | 33.1 
15 117 830 a 27.7 132 425 | 30.0 > 
21 126 690 28.9 147 000 | 33.4 bg 
> 29 | 151 275 T 29.7 181 625 | 30.5 
40° 178 990 30.5 205 650 31.2 _ 


TABLE III.—MECHANICAL PROPERTIES OF HEAT 25312, 0.063 IN. GAGE. 


Tension Compression 
Cold 


Reduction 
Yield Strength, 
per cent 0.2 per cent 


offset, psi 


. Elongation in Yield Strength 

Tensile _ Young’s Modulus 8°") Young’s Modulus 
2 in., per 0.2 per cent 
Strength, psi omit EZ, psi offset, psi E, psi 


As 


121 055 54.0 | 30.1 x 10° 57 .3 X 10° 
137 050 42.5 28.9 58 


142 215 37.3 28.7 62 
162 560 28.3 27.1 73 ; a 
166 975 26.8 27.1 74 Yee, 


192 390 19.5 26.1 101 
213 145 17.3 26.8 103 


As RoLLED—TRANSVERSE 


119 520 55.0 32.3 < 108 56 
133 510 42.3 29.6 95 
145 465 33.0 29.6 .- 109 
161 230 25.5 29.7 125 
167 275 | 22.8 | 28.4 133 
196 065 16.3 | 28.2 162 
214 650 13.8 29.4 193 


Stress Revievep at 600 F—LonGItTupDINAL 


130 050 46.5 28.6 | 7 
138 225 39.0 27.6 84 
149 300 | 32.0 | 32.5 106 
155 250 28.5 28.5 118 
191 125 14.0 29.0 156 
215 725 | 7.0 28.2 173 


Stress RELIEVED aT 600 F—TRANSVERSE 


73 130 500 44.8 28.7 X 10° 84 
87 135 675 38.8 31.1 101 
110 149 450 | 29.3 31.2 105 
121 157 350 | 26.0 30.4 146 
158 191 715 | 11.3 31.5 189 
182 216 250 | 9.3 30.7 205 


Stress RELIEVED aT 800 F—LONGITUDINAL 


69 129 775 47.8 | 34.0 x 10° 72 

83 135 700 41.3 33.5 89 175 
108 375 156 025 | 30.8 31.9 107 570 
124 050 162 700 | 28.3 29.2 118 975 
155 325 191 600 13.5 29.3 159 420 
193 000 229 450 | 6.8 28.7 184 740 


Stress RELIEVED aT 800 F—TRANSVERSE 


68 985 127 725 46.8 33.2 X 10° 84 275 
86 300 135 275 39.5 ° 96 635 
109 250 150 375 30.0 = 125 040 
119 575 161 425 25.8 ; 141 370 
160 250 196 000 10.3 . 191 685 
185 550 221 500 7.5 ; 229 755 


Stress RELIEVED at 900 F—LOonNGITUDINAL 


71 670 123 265 45.0 29.1 X 10° 71 510 
85 115 130 100 40.5 28.2 85 520 
109 420 153 600 32.3 27.8 110 345 
115 805 154 530 31.0 25.9 120 845 
145 935 172 825 | 18.5 25.7 149 735 
178 250 202 970 | 6.8 25.4 186 080 


Stress RELIEvEeD aT 900 F—TRANSVERSE 


74 465 129 110 | 45.3 28.2 75 940 

89 580 133 325 | 39.8 27.0 97 100 

106 785 148 305 32.0 28.4 126 355 

120 880 154 650 29.8 25.8 142 470 

155 600 184 845 9.5 30.1 175 025 
5.5 


183 110 210 315 27.1 197 855 
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{ 
0 57 030 
5 72 175 
10 81 900 
18 114 665 | 
36 161 110 375 27.1 
; 0 51 575 80 | 32.1 X 108 ee 
5 83 015 
10 96 080 300 29.9 ee 
15 102 040 325 29.2 
18 110 170 00 | 30.0 
27 130 680 75 «(28.9 
= 5 70 100 | 40 | 26.9 x 105 es 
10 87 320 | 215 | 27.6 Nee 
18 119 250 | 285 | 27.8 ee 
36 193 3 150 | 29.5 ae 
5 210 27.6 X 10° 
10 735 | 31.4 
15 225 | 27.6 
18 720 | 28.1 
27 600 | 30.6 ; 
36 705 30.1 
* 5 | 30.0 X 10° 
15 31.6 
27 28.7 4 
36 30.0 
5 29.1 X 108 
10 29.3 
18 30.5 
27 31.600 
36 
5 28.2108 
10 31.1 
15 29.7 
18 28.5 
27 28.1 
36 28.4 
5 29.6 X 10° 
15 
18 
36 32.7 
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yield strength is lower at low cold reduc- 
tions but exceeds the transverse yield 
strength above 15 per cent cold reduc- 
tion. The data in Tables III and IV 
show only a very slight difference in 
elongation. These observations do not 
hold for compression. Figures 9 and 10 


Cook, AND LULA 


7 


Heat No. 69346, which has a more 
stable austenitic microstructure, mani- 
fests a very small difference between 
tensile strength in the longitudinal and 
transverse directions. This is apparent 
in Fig. 11 where it will also be obvious 
that the yield strength shows the same 


220 000 
180 000 F— cts. BOO F 


000 


As Rolled Ord 
As Rolled 

2 140000 0. an 

120000 
Heat 69346 Heot 69346 

<4 80 000 Gage - 0.066 in 2 Gage -0.066 in. 
Longitudinal Transverse 
e—e Tensile Strength e—— Tensile Strength 
60 000 o—o Yield Strength o—o Yield Strength 
18) 10 20 30 40 18) 10 20 30 40 50 


Cold Reduction, per cent 
Fic. 11.—The Effects of Cold Reduction and of Stress Relieving at 800 F on Tensile Properties. 


show that the compressive yield strength 
of cold-rolled material is substantially 
lower in the longitudinal direction, and 
that the difference in longitudinal and 
transverse yield strengths increases with 
increasing cold reductions. It is also 
apparent that the longitudinal yield 
strength is considerably lower in com- 
pression than in tension. This character- 
istic is a well-known phenomenon in 
type 301 steels. 


tendency as in heat No. 25312. It is 
lower in the longitudinal than in the 
transverse direction at low cold reduc- 
tions, but eventually the relationship is 
reversed as cold reduction increases. 
Again, Table IV reveals essentially no 
difference in elongation. One can see 
in Figs. 11 and 12 that the same differ- 
ence in longitudinal and transverse yield 
strengths in compression is developed 
in this heat as well, and that again the 
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‘tak 

2 
— 
As Rolled 
——— Stress Relieved at 800 F 
= Oo 20000 60 000 100 000 140 000 180 000 7 
= ; Stress, psi 
2 Fic. 16.—The Effects of 18 per cent and 36 per cent Cold Reductions and of Stress Relieving on 
- the Tangent Modulus. Heat 25312. 


32 x 10° Transverse Tension 
28 git, 

— 3 a 

= 360 per cent per cen 

© \ 
\ 
\ /8.0 per cent \ 

——— Stress Relieved at SOOF 

= Oo 20000 60 000 100 000 140 000 180 000 
Stress, psi 


the Tangent Modulus. Heat 2 


5312. 


Fic. 17.—The Effects of 18 per cent and 36 per cent Cold Reductions and of Stress Relieving on 
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TABLE V.—MECHANICAL PROPERTIES OF HEAT 69346, 0.122 IN. GAGE. 


Tension Compression 
eduction, | vield Strength 
per cent 0.2 per cent 

offset, psi 


per Modulus, | er'cegt "| Young’s Modulus 


cent offset, psi 


Tensile 
Strength, psi 


As 


675 51.8 30.4 X 108 
825 45.0 
175 39.5 
925 29.0 
475 22.5 
550 16.3 
950 11.3 
700 6.5 


As 


108 575 51.0 28.4 X 108 57 
111 600 46.3 . 83 
119 850 37.0 ° 99 
134 350 26.0 . 118 
145 900 18.3 . 137 
171 800 13.5 ‘ 167 
191 400 10.0 . 180 
227 775 6.3 ° 218 


Srress at 600 F—LonGirupINAL 


114 950 69 
121 175 77 
134 475 100 
148 850 : . 108 
174 375 . ‘ 132 
196 750 144 
234 175 166 


110 425 
119 550 
132 820 
149 650 
176 270 ‘ 
200 480 207 
248 050 258 


Stress Revievep at 800 
115 200 45. 29.4 X 10° 
121 125 39. 
135 250 27. 
148 450 23. 
170 500 15. 
196 250 10. 
240 185 5. 


Stress RELIEVED 


112 050 45. 

119 650 37. 
107 375 775 23. 
123 325 | 147 800 21. 
147 800 | 173 575 11. 
170 500 200 850 8. 
209 580 254 735 4. 


‘a 
abit : 0 54 915 10 58 510 x 108 
er 5 73 290 11 59 465 
 . 10 83 655 1 48 370 
a | 14 106 325 12 56 160 
mt. 19 126 250 14 65 315 
ce 28 147 700 1¢ 76 400 
et | 39 163 500 18 88 050 
4 58 189 425 22 119 905 
a 0 54 610 465 | 29mm x 10° 
5 74 550 470 28 
14 106 425 490 | 27 
a 19 117 900 435 | 28 
28 139 800 545 | 
39 154 275 950 | 28 
58 182 925 850 30 
Bi t. 5 75 740 560 29.6 X 10° 
10 87 100 020 | 30.5 
L.. @ i. 14 110 800 130 | 32.0 
7 19 128 050 675 | 28.6 
. 28 152 850 835 | 28.7 
3 39 173 850 225 | 32.3 
58 205 900 375 | 29.9 
Sti TRANSY 
nal | 5 72 230 | 555 | 31.8 Xx 10° 
mt _ 10 89 560 905 | 29.5 
ay 14 109 380 930 | 29.2 
124 925 120 | 31.1 
ae . 28 150 610 535 | 29.8 
39 176 575 680 | 29.5 
58 208 775 655 | 31.2 
=. 5 73 760 70 010 | 29.1 X 10 
oy 10 87 020 82 330 | 28.0 
a . 14 109 525 02750 | 27.1 
—_— a 19 125 700 13 475 | 28.4 
28 153 025 34 985 | 29.1 
as 39 173 350 49 645 | 28.5 
| 58 | 209 450 88 570 | 27.1 
a 800 F§—TRansverse 
5 | 28.4 10° 77 490 4X 10° 
i 10 | 28.7 93 390 3 
= 14 | 27.7 123 380 
19 | 28.3 | 138 210 
28 27.1 | 167 595 
B.C. 39 29.8 200 265 
e* 58 30.6 250 380 
938 
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TABLE V.—Concluded. 


Tension Compression 
| 
\Vield Strength Elongation in Yield Strength 
per cent |Young’s Modulus, Young’s Modulus, 
Stress RELIEVED aT 900 F—LOoNGITUDINAL 
5 71 945 113 860 45.3 | 34.9 X 10° 69 870 30.2 X 10° 
10 84 240 121 950 41.8 | 35.3 83 580 30.6 
14 105 365 135 550 30.3 30.6 100 680 31.7 
19 124 305 149 240 25.5 32.2 117 640 3.3 
28 149 530 171 010 17.3 29.2 143 485 30.9 4 t 
39 171 435 195 230 12.0 29.3 : 165 265 29.8 
58 198 195 231 565 4.3 28.6 195 810 26.5 
Stress aT 900 F—TRANSVERSE 
5 67 940 109 815 47.3 38.6 X 10° 76 845 30.9 * 10° 
10 87 065 | 120 435 38.0 33.5 94 755 31.1 
14 110 940 | 136 135 27.5 32.3 - 117 685 30.3 
19 123 830 149 190 22.3 32.6 133 480 31.2 
28 148 490 168 635 | 15.0 30.5 163 850 30.8 \, 
39 171 475 198 350 | 9.5 29.3 195 205 30.8 o. 
58 207 950 246 305 | 5.5 31.8 239 750 31.1 


longitudinal yield strength is lower for 
compression than for tension. 

Heat No. 69346 was tested in two 
thicknesses. In the cold-rolled state, the 
thicker gage has slightly lower strength 
and higher elongation (Figs. 13 to 15, 
Table V). 
Influence of Austenite Stability: 

It has been mentioned that the two 
heats used in this investigation were 
deliberately selected because they dif- 
fered in the degree of austenite stability. 
Heat No. 25312, the less stable, has 
substantially higher tensile strength and 
elongation than heat No. 69346 and in 
both directions. By comparison of Figs. 
9 and 11 one sees, however, that the 
yield strengths differ only slightly. Fig- 
ures 10 and 12, when compared, show 
that in compression, heat 25312 does 


have higher yield strength in both direc- 


— 


Stress Relieving: 


The importance of the stress-relieving 
treatment for cold-rolled sheet lies in its 
ability to alleviate anisotropy of the 
mechanical properties. The stress-reliev- 
ing treatments in this investigation were — 
made at 600, 800, and 900 F for 12 hr. 
The results of the tests are given in 
Tables III, IV, and V and are plotted in 
Figs. 9 to 15. : 

The general effect of stress relieving is 
to increase the tensile properties, but a 
certain amount of cold reduction is 
necessary before the increase becomes 
evident. The influence of temperature 
is not consistent, and in Figs. 9 and oe 
only the 800F treatment is plotted. 
Figures 10 and 12 indicate that in com- 
pression, the transverse yield strength is 
increased by stress relieving and as ex- 
pected, the most important result of 
such treatments is the increase in longi- 
tudinal yield strength. Temperature 
plays a more important role with these 
steels as indicated by the increased 


= 
939 | 
939 
% 
— 
>= + 
= 


effectiveness, in general, of 800 F and 
900 F treatments compared to 600 F. 
As shown in Figs. 10 and 12, after stress 
relieving, the compressive yield strength 
in the longitudinal direction approaches 
but, at high cold reduction, does not 
quite attain the same levels as the 
transverse yield strength. eh 
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cold rolling. In the stress-relieved condi- 
tion then, the modulus at zero stress is 
approximately constant. 

The calculated values of tangent 
modulus have been plotted in Figs. 16 
through 19 for heat No. 25312 for 18 
per cent and 36 per cent cold reductions. 
Both longitudinal and transverse 


= 


Tangent Modulus, psi 


At 

As Rolled 


ai 
om 


| 


/8.0 per cent 


——— Stress Relieved at 800F 


Longitudinal Compression 


Had, 
Neg. 
or, 


per cent 
\ 


20 000 60 000 


100 000 
Stress, psi 


140 000 180 000 


- 18.—The Effects of 18 per cent and 36 per cent Cold Reductions and of Stress Relieving on 


the Tangent Modulus. Heat 25312. muyt 
Modulus: 


The experimental values of Young’s 
modulus are recorded in Tables IIT, IV, 
and V and show that in both tension and 
compression the longitudinal modulus 
decreases with increasing cold reduction. 
In the transverse direction, the modulus 
follows no consistent trend, remaining 
essentially constant. 

The stress-relieving treatment at all 
three temperatures tends to nullify the 
decrease in initial modulus produced by 


values are given for tension and com- 
pression. The tangent modulus in the 
longitudinal direction is much lower in 
compression than in tension. This dif- 
ference is completely eliminated by the 
stress-relieving treatment. Conversely, 
in the transverse direction, values of the 
tangent modulus in tension are lower 
than the corresponding compressive 
values. Again, the stress-relieving treat- 
ment raises the value of the tangent 
modulus. 
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Combined Moduli for Use in Compres- 
sion: 


The buckling loads of slender columns 

in the elastic range can be calculated by 

) Euler’s formula. Von Karman proved by 
: very accurate column tests that the 
Euler formula can also be applied to the 
plastic range if the initial modulus, £, , 
is replaced by the reduced modulus. 
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sion of reduced modulus, taking into 
consideration the directional properties 
of cold-rolled sheet, is written as fol- 
lows: 


+ 
where: 


E,r¢ = longitudinal reduced compres- 
sion modulus 


Eric = 


32 x10°}- 


Transverse Compression 


28 wt 
| 
24 
= \ 
a 
$ 20 \ 
3 \.36.0 per cent 
3 
= 
ier \ 36.0 per cent 
\ 
\ 
( —\/8.0 per cent 
——— Stress Relieved at 800 F 
= 
© 20000 0000 100 000 140 000 180 000 220 000 | * 
' Stress, psi 
Fic. 19.—The Effects of 18 per cent and 36 per cent Cold Reductions and of Stress Relieving on 
yn the Tangent Modulus. Heat 25312. 
Timoshenko,‘ in his treatment of cen- ,z¢ = initial modulus in longitudinal 
" trally-compressed bars in ranges beyond compression at zero stress, and 
* the limit of proportionality also used a E,,~¢ = tangent modulus in longitudinal 
™ reduced modulus which combined the — compression at a given stress, 
f- differences in the slopes of the stress- =» 
strain curves during loading and un- 
1e we E-re = 1/2 2 
loading. (Eorc!!? + E:rc) 
« This concept has been adapted by 
. Watter and Lincoln (3) to the descrip- Where: ; 
‘ tion of the properties of high-strength Erre = transverse reduced compression 
: cold-rolled stainless steel. Their expres- modulus, 
nt * Timoshenko, ‘Theory of Elastic Stability,”’ initial modulus in transverse 


McGraw-Hill Book Co., p. 156 (1936). 


compression at zero stress, and 
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Eire = tangent modulus in transverse 
compression at a given stress. 

The reduced modulus has been calcu- 
lated for heat No. 25312 for 18 per cent 
and 36 per cent cold reductions. Figure 
20 shows the longitudinal reduced com- 
pression modulus as a function of stress 
for cold-rolled and for stress-relieved 
material. Figure 21 is a similar plot for 
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curves superpose. This holds for com- 
pressive tests as well, but the compres- 
sive stress-strain curves, consequently 
yield strengths, are always higher than 
the corresponding tensile properties. 

For cold-reduced sheet, the tensile 
properties in the longitudinal and trans- 
verse directions show only slight dif- 
ferences. In compression, the yield 


| 32 x 


28 


20 


18.0 per cent 


Reduced Modulus, psi 


AAP 


—___. As Rolled 


| | 


36.0 
per cent 


— Stress Relieved at 8OOF 


Longitudinal Compression 


6.0 
3 per cent 


\ 
/8.0 per cent 


thet 


| | | | 


000 60 000 


36 per cent Cold Reductions. Heat 25312. 


the transverse reduced compression mod- 
ulus. 


SUMMARY 


a tensile and compressive mechani- 
cal properties of two commercial type 
201 heats have been determined for both 
the annealed and the cold-rolled condi- 
tions. 

In the annealed state, the tensile 
properties in the longitudinal and trans- 
verse directions are approximately the 
same and the corresponding stress-strain 


100 000 
Stress, psi 
Fic. 20.—Combined Modulus for As-Rolled and for Stress-Relieved Material for 18 per cent and 


140 000 180 000 


strength is substantially lower in the 
longitudinal direction. This is a familiar 
phenomenon in type 301 steels. 

Of the two heats studied, the less 
stable has higher tensile strength and 
undergoes greater elongation before 
failure. The compressive yield strength 
is also higher but the yield strength in 
tension is nearly the same for both heats. 

For equivalent amounts of cold reduc- 
tion, there are no substantial differences 
in properties for the two gages investi- 
gated. 
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The general effect of stress relieving is 
y to minimize the differences between 

longitudinal and transverse properties of 
cold reduced sheet. The effect becomes 
more pronounced’ with increasing 
. amounts of cold reduction. The most 
3 important specific effect of stress reliev- 
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The compressive tangent modulus of — 


18 and 36 per cent cold-reduced sheet is 
lower than the tensile modulus in the 
longitudinal direction. The relationship 
is reversed in the transverse direction. 
These differences are somewhat al- 
leviated by stress relieving. 


Transverse Compression 
> 
iyi 
\36.0 per cent 
_ 24 
——— Stress Relieved at 800F 
> 
20 000 60 000 100 000 140 000 180 00 220 000 
Stress, psi 


Fic. 21.—Combined Modulus for As-Rolled and for Stress-Relieved Material for 18 per cent and 


36 per cent Cold Reductions. Heat 25312. 


ing is to increase the modulus and the 
compressive yield strength in the longi- 


- tudinal direction. Stress relieving at 

ss 800 F or 900 F may have some slight 
advantage over 600 F treatments. 

‘. The modulus in the transverse direc- 


tion remains approximately constant 
m while the initial longitudinal modulus in 


h tension and compression is reduced by 
a cold rolling. 

- This decrease in modulus is nullified 
by stress relieving. 


The reduced modulus has also been 
calculated and plotted for 18 and 36 per 
cent cold reductions. 
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Mr. J. O. TurNER.'—At our labora- 
tory in Berkeley and in Livermore, there 
are a number of large nuclear particle 
accelerators which depend upon very, 
very high magnetic fields, of the order of 
23 kilogauss and up, and structures must 
be built to operate in these magnetic 
fields. These structures have to be of 
lowest magnetic permeability and also 
have high mechanical strength. There- 
fore, chromium-nickel stainless steels 
with as low magnetic permeability as 
possible have been used. We should be 
interested in knowing if any other in- 
vestigators in this field have developed 


1 University of California, Radiation Labora- 
tory, Berkeley, Calif. 
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any information on the magnetic proper- 
ties of these new alloys as affected by 
welding and cold working and also ex- 
tremely low temperatures. 

Mr. R. A. WAtsuH (author).—Perme- 
ability tests have been made on cold- 
rolled sheet. If it would be of any value, 
information can be supplied as data for 
permeability for reductions up to 50 per 
cent on type 201 sheet. In general the 
permeability for annealed 201 sheet 
ought to be about 1.02 maximum. 

In contrast to this, a typical value 
after 20 per cent cold reduction would 
be about 2.7 and after 30 per cent cold 
reduction about 7.0. These values would 
be for » at 200H. 
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mercial alloys is described. 


Numerous investigations have shown 
that the high resolutions and magnifica- 
tions attainable by electron microscopy 
provide many advantages in studying 
the microstructures of metals and alloys, 
particularly in determining the size, 
shape, and distribution of minor-phase 
particles on a submicroscopic scale. The 
usefulness of electron metallographic 
techniques could be considerably ex- 
tended, however, if selective etching 
procedures could be developed which 
would permit different minor phases to 
be identified or distinguished by their 
appearance in the electron micrographs. 

! This research was carried out through the 
Engineering Research Institute of the Univcr- 
sity of Michigan under contract AF-33(616)-23 
for the Metallurgy Branch of the Aeronautical 
Research Laboratory (WCRRL), Wright Air 
Development Center, Wright-Patterson Air 
Force Base, Ohio. 

2 Assistant Professor of Science, Department 
of Chemical and Metallurgical Engineering, 
University of Michigan. 

3 Research Assistant, Engineering Research 
Institute, University of Michigan. 

‘Professor of Chemistry, Department of 
Chemistry, University of Michigan. 
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NICKEL-BASE ALLOYS’ 
By W. C. Bicetow,? J. A. Amy,? anp L. O. Brockway’ 
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Electrolytic etching for short periods in a reagent consisting of 5 - hydro- | 
fluoric acid (48 per cent), 10 ml glycerol, 10 to 50 ml ethyl alcohol, and water 
to make 100 ml total volume, produces a preferential attack on the particles — 
of the intermetallic y’ phase of nickel-base alloys containing titanium and 

ae. A procedure using this reagent has been developed which permits 

_ the y’ particles to be distinguished by electron microscopy from particles of © 

carbide and nitride phases which also precipitate in these alloys. The use of 

i procedure in studies of the distribution of the y’ phase in several com- 


Such procedures have been widely 
used in optical metallography, but have 
not been adapted to electron metallog- 
raphy because of the basic differences in 
the two techniques. The optical etchants 
usually function by staining particles 
of different phases different colors which 
are readily observed when the etched 
surfaces are examined in the light micro- 
scope. In electron microscopy, the il- 
luminating radiation is not sensitive to 
color differences in the usual sense; 
furthermore, the surfaces are normally 
examined indirectly through the use of 
surface replicas, so that the stained 
particles are not a part of the specimen 
actually examined. 

These factors must be taken into con- 
sideration in developing etching pro- 
cedures for distinguishing different minor 
phases in electron microscopy. The two 
most promising approaches are: (1) the 
use of reagents leaving loosely adherent 
chemical products on the minor-phase 
particles which could be picked up by 
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surface replicas and used as a basis for 
distinguishing or identifying them; (2) 
the use of reagents which preferentially 
attack certain minor phases so that the 
resulting differences in the shape or re- 
lief of the particles could be readily de- 
tected in the electron microscope through 
the use of shadowing techniques. 

In recent studies of the nickel-base 
alloys containing titanium and alumi- 
num, an etching procedure of this latter 
type has been developed which permits 
the intermetallic phase of these alloys 
to be distinguished from the carbide 


TABLE I.—COMPOSITION OF 
ETCHING REAGENTS. 


Composition 


A........| 5 ml hydrofluoric acid (48 per cent), 

10 ml glycerol, 85 ml ethyl al- 

cohol 
ml phosphoric acid (85 per 

cent), 47 ml sulfuric acid (96 

per cent), 41 ml nitric acid (70 

per cent) 

5 ml hydrofluoric acid (48 per cent), 
10 ml glycerol, 10 to 50 ml ethyl 
alcohol, water to make 100 ml 
total volume 


and nitride precipitates. This phase is 
generally considered to be the y’ phase 
which has a structure based on that of 
Ni;Al phase of the nickel-aluminum 
system. It therefore differs considerably 
in its susceptibility to chemical attack 
from the carbide and nitride phases. Ad- 
vantage is taken of this fact and a rea- 
gent is used which preferentially dis- 
solves the y’ particles but which does not 
attack the carbide and nitride particles. 
Surfaces treated with this reagent show 
depressions at the locations of the 7’ 
particles while the carbide and nitride 
particles remain in relief. 


PROCEDURE 


The procedure usually, though not 
necessarily, involves a preliminary etch- 
ing of the specimens with reagents which 
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attack the matrix phase preferentially 
and leave the particles of the y’ phase 
and of the carbide and nitride phases 
protruding from the etched surfaces. 
Reagents A and B of Table I have been 
found to be useful for this purpose. The 
selective attack on the 7’ particles is 
produced by subsequent etching of these 
surfaces with reagent C. Comparison of 
micrographs after this etch with those 
taken after the preliminary etch permits 
the size, shape, and distribution of the 
7’ particles to be determined. 

The etching treatments with all these 
reagents are carried out electrolytically. 
For unmounted specimens about 1 by 
+ by 3 in. in size, currents of about 0.2 
amp are used. Etching in reagents A 
and B usually requires from 3 to 10 sec. 
The period of etching in reagent C is 
usually less than 1 sec and care is re- 
quired to avoid over-etching. Equally 
good results have been obtained with 
specimens polished mechanically and 
electrolytically prior to etching. When 
mechanical polishing is used, particular 
care must be exercised to avoid dis- 
turbing the structure of the surfaces by 
cold work. For electrolytic polishing, very 
good results have been obtained with 
several different nickel-base alloys by 
using a polishing solution consisting of 
90 parts glacial acetic acid to 10 parts 
perchloric acid (70 to 72 per cent). 

Reagents A and C are both modifica- 
tions of the reagent of Taylor and 
Floyd (1)° (10 per cent glycerol, 5 per 
cent hydrofluoric acid, 85 per cent water) 
in which all or part of the water is re- 
placed by ethyl alcohol. The quantity 
of alcohol added has considerable in- 
fluence on the etching characteristics of 
the reagent, however. Taylor and 


ve oi Floyd’s reagent produces a preferential 
attack on the 7’ particles similar to 


5 The boldface numbers in parentheses 
refer to the list of references appended to this 
paper, see p. 952. 
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(c) Etched 1 sec in reagent C. Large carbide 


particles in relief, y’ particles etched out. 
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ary particles in relief, y’ particles level with sur- 


(a) Preliminary etch with reagent A. All mi- 


nor phase particles in relief. 


Fic. 1.—Electron Micrographs from a Specimen of Inconel-X Alloy Aged 1000 hr at 1400 F, Showing Results of Selective Etching Procedure (X 
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reagent C, but in many cases it also 
attacks the grain boundaries and the 
interfaces around the carbide and nitride 
particles rather severely. The addition 
of small quantities of alcohol, as in 
reagent C, reduces this interfacial at- 
tack, permitting the 7’ particles to be 
more readily distinguished from the 
carbide and nitride particles. When all 


(a) Preliminary etch with reagent A. All mi- 
nor phase particles in relief. 


RESULTS 


Some typical results which have been 
obtained with this etching procedure in 
studies of the microstructures of the 
commercial nickel-base alloys, Inconel- 
X, Waspalloy, and Udimet, are illus- 
trated by the electron micrographs of 
Figs. 1 to 4. Typical compositions for 


(b) Final etch with reagent C. Carbide par- 
ticle in relief, y’ particles etched out. 


Fic. 2.—Electron Micrographs Showing Selective Etching Attack on a Specimen of Inconel-X 


Alloy Aged 1000 hr at 1600 F (X 12,000). 


the water is replaced by alcohol, the 
action of the reagent is virtually reversed 
and it attacks the matrix phase more 
rapidly than the y’ phase. The action of 
this reagent thus can be varied over wide 
ranges by altering its composition. 
Reagent B is frequently used in elec- 
trolytic polishing of stainless steels (2), 
but is also an excellent etchant for pre- 
paring many heat-resistant alloys for 
electron microscopic studies when used 
with low etching currents. 


these alloys are given in Table II. Micro- 
graph (a) of each figure shows the micro- 
structure of the alloy specimens as re- 
vealed by the preliminary etching 
treatment, while micrographs (5) and (c) 
show the same surfaces after subsequent 
etching with reagent C to dissolve the 7’ 
particles. These micrographs were ob- 
tained from palladium-shadowed collo- 
dion replicas of the etched surfaces and 
were photographically processed for re- 
production here so that the shadows ap- 
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(a) Preliminary etch with reagent B. All mi- (6) Final etch with reagent C. Grain bound- 
nor phases in relief. ary precipitate in relief, y’ particles etched out. 


Fic. 3.—Electron Micrographs Showing the Application of the Selective Etching Procedure to a 
Specimen of Waspalloy Aged 100 hr at 1400 F (X 12,000). 


a) Preliminary etch with reagent B. All mi- (b) Final etch with reagent C. y’ Phase 
nor phases in relief. — out, carbide phase at grain boundary in 
relief. 
Fic. 4.—Electron Micrographs Showing the Application of the Selective Etching Procedure to a 
Specimen of Udimet Alloy Aged 24 hr at 1550 F and 16 hr at 1400 F (X 12,000). 
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pear black as on the original photographic 
plates. When interpreting these micro- 
graphs in terms of the relief of the minor- 
phase particles, it is important to re- 
member that the shadowed surfaces of 
the collodion replicas are negative re- 
productions of the surfaces of the metal 
specimens. Thus, particles which pro- 
trude from the metal surfaces are repro- 
duced as indentations in the collodion, 
while indentations in the metal surfaces 
are reproduced as protrusions from the 
surfaces of the replicas. The relief of 
features in the micrographs can be de- 
termined from the shadows associated 
with them. To aid in determining the 
angle and direction of shadowing, poly- 
styrene latex spheres were placed on the 


because of their marked cubic shape and 
their definite orientation and alignment 
along preferred directions in the grains. 
Micrographs (0) and (c) show this same 
surface after two subsequent etching 
treatments of about 3 sec each in reagent 
C. The first of these treatments reduced 
the cubic particles to nearly the level 
of the matrix metal, while the second 
removed them completely, leaving cubic 
depressions in the surface at the positions 
they occupied. In neither case is there 
noticeable attack on the precipitates at 
the grain boundaries nor on the larger 
spheroidal particles in the grains. These 
micrographs clearly show that reagent C 
produces a direct, selective electro- 
chemical attack on the cubic matrix 


TABLE II.—COMPOSITIONS OF ALLOYS, PER CENT BY WEIGHT. 

Alloy Ni Cr Co Fe Mo Ti Al Cb Mn Si Cc 
Inconel-X....... 73.4 | 14.6 6.90 1.04 | 0.51 | 0.39 | 0.05 
Waspalloy......| 56.5 | 19.5 | 13.4 | 2.90 | 2.81 | 2.21 | 1.09 ... | 0.88 | 0.62 | 0.09 
Udimet......... 55.4 | 19.5 | 14.8/ ... | 3.80 | 2.79 (2.94)... 0.17 | 0.50 | 0.08 


surfaces of the replicas just prior to 
shadow casting. One or more of these 
spheres are included in the field of each 
micrograph. Since these spheres have 
uniform diameters of 2580 + 30A, they 
also provide a very convenient standard 
of size (3, 4). 

The micrographs of Fig. 1 were taken 
from a specimen of Inconel-X alloy aged 
1000 hr at 1400 F. Since the selective 
etching procedure was, to a considerable 
extent, developed in studies of the minor 
phases and microstructure of this par- 
ticular specimen, some of the evidence 
that it is selective for the y’ phase will 
be presented in discussing these micro- 
graphs. As shown in micrograph (a), 
there is considerable precipitation both 
at the grain boundaries and within the 
matrix grains of this specimen. The parti- 
cles of the matrix precipitate in this 
specimen are particularly interesting 


particles and that these particles differ 
from the other precipitates of the speci- 
men. 

The identification of the cubic parti- 
cles as the intermetallic y’ phase was 
accomplished by back-reflection X-ray 
diffraction patterns obtained from sur- 
faces etched as in micrograph (a). These 
patterns showed weak reflections of the 
y’ phase in close proximity to the re- 
flections from the matrix phase as re- 
ported by Nordheim and Grant (5, 6). 
Since the cubic particles are the only ones 
present in sufficient numbers to con- 
tribute to X-ray diffraction patterns 
under the conditions used, they must be 
the y’ phase. In addition, electron dif- 
fraction patterns obtained from the 
surface of the specimen by reflection 
techniques after etching with reagent C 
showed diffraction rings of an Ma3Cs 
type complex carbide, columbium car- 
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bonitride, and titanium nitride which 
were comparable in intensity to those 
obtained prior to etching, indicating that 
these carbide and nitride phases were 
not removed by etching with this rea- 
gent. (Direct electron diffraction evi- 
dence on the 7’ phase could not be 
obtained, since its structure is so similar 
to that of the matrix phase that the two 
cannot be distinguished by this method. 
Lines which could be attributed to either 
the y’ or the matrix phase were present 
in the patterns before and after etching 
with reagent C.) Similar results have 
been obtained from other alloys and 
from other specimens of Inconel-X, 
aged at different temperatures but con- 
taining sufficient quantities of the 7’ 
phase to be detected by X-ray diffrac- 
tion methods. 

The micrographs of Fig. 2 were taken 
from a specimen of Inconel-X alloy aged 
for 1000 hr at 1600 F. X-ray diffraction 
patterns from this specimen gave no 
evidence of the presence of the 7’ phase, 
and micrographs from the specimen 
etched in the usual manner showed only 
spheroidal particles (micrograph (a)) 
having the appearance of carbide and 
nitride particles as observed in micro- 
graphs from other alloys. Micrograph 
(b) shows that the majority of these 
particles are susceptible to attack by 
reagent C, however, indicating that they 
are not carbide or nitride phases and 
very probably are the intermetallic 7’ 
phase. The fact that they are spheroidal 
in form rather than cubic, as in the 
specimen described above, may well be 
attributed to different aging of the two 
specimens. Similar studies on series of 
specimens aged for different periods at 
1200, 1400, and 1600 F provided evi- 
dence that the 7’ phase precipitates in 
this alloy under a wide range of aging 
conditions with a wide variation in the 
size, shape, and abundance of the ’ 
particles. In all cases, the y’ particles 
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were found primarily within the matrix 
grains. A few isolated particles of the 
carbide and nitride phases were also 
found in the matrix grains, but for the 


most part these phases precipitated at — 


the grain boundaries. Electron diffrac- 


tion studies have identified these phases _ 


as including titanium nitride, colum- 
bium carbonitride, and an Mo2;3C.-type 
complex carbide (7). 

The electron micrographs of Figs. 3 
and 4 illustrate the applications of the 
selective etching procedure to two other 
nickel-base alloys, Waspalloy and Udi- 
met. Micrograph 3(a@) shows the micro- 
structure of a specimen of Waspalloy 
alloy aged 100 hr at 1400 F. Micrograph 
4(a) shows the microstructure of an 
Udimet specimen, aged 24 hr at 1550 F 
and 16 hr at 1400 F. Both these speci- 
mens were etched with reagent B. Heavy 
precipitation is evident, both within the 
matrix grains and at the grain bounda- 
ries of both these specimens. Subsequent 
etching with reagent C produced the 
characteristic attack on the small parti- 
cles within the matrix grains of both 
specimens, indicating that these are 
particles of the intermetallic y’ phase. 


In the Waspalloy specimen the grain- — 


boundary precipitate was unaffected by 
reagent C and appears to be almost en- 
tirely carbide and nitride phases. In the 
Udimet specimen, however, it appears 
that considerable amounts of the 7’ 


phase precipitated at the grain bounda- | 


ries together with the carbide and nitride 
phases. In both alloys a few isolated 


carbide and nitride particles are also 


observed within the matrix grains. 


DISCUSSION 
Several recent metallurgical investiga- 


tions (1, 5, 8, 9) have provided evidence © 


that the age-hardening phenomena of 
the nickel-base alloys containing ti- 
tanium and aluminum result from the 


precipitation of the intermetallic 7’ 
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phase. Because of the present technolog- 
ical importance of these alloys, the study 
of the precipitation of this phase is a 
matter of practical as well as theoretical 
importance. Such studies are often very 
difficult to carry out by the usual 
methods of physical metallurgy, how- 
ever. Since the 7’ phase has a cubic struc- 
ture which differs very little in lattice 
dimensions from that of the matrix 
phase, it usually cannot be identified by 
electron diffraction methods and diffi- 
culties may arise in X-ray diffraction 
studies. Optical microscopy is also in- 
effective in many cases, for, as shown 
here, the y’ particles seldom become 
sufficiently large to be resolved by this 
method. Difficulties may even be en- 
countered in recognizing the y’ phase in 
conventional electron microscopic stud- 
ies, due to the variations in the form of 
the y’ particles in different alloys and 
with different aging conditions. It 
therefore appears that electron micro- 
scopic studies employing the etching 
procedures described here may provide 
one of the most sensitive methods pres- 
ently available for studying the y’ phase 
in these alloys. 

Finally, it is of interest to note certain 
structural characteristics which appear 
to prevail in the nickel base alloys con- 
taining titanium and aluminum, as 
revealed by the electron microscopic 
studies described here. The intermetallic 
y’ phase has been observed in aged 
specimens of all the commercial alloys 
of this type studied to date. While wide 


variations occur in their size, shape, and 
distribution, the 7’ particles appear to 
form predominantly within the matrix 
grains. Precipitation of appreciable 
amounts of this phase at the grain 
boundaries has been observed only in 
specimens of the Udimet alloy and is 
thought to be related to the higher 
titanium and aluminum content of this 
alloy. Titanium nitride particles and, 
in the case of alloys containing colum- 
bium, columbium carbonitride particles 
are present in these alloys even after 
solution treatment at 1975 to 2050 F and 
water quenching. These particles are 
randomly distributed and increase in 
size with subsequent aging treatments. 
Grain-boundary precipitates are not 
present in the solution-treated, water- 
quenched specimens, but develop on 
aging. These precipitates appear to 
consist predominantly of complex car- 
bides of the M2;C. type but may in- 
clude some of the titanium nitride and 


columbium carbonitride phases. 
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THE EFFECT OF SIZE, SHAPE, AND GRAIN SIZE ON THE. e 
FATIGUE STRENGTH OF MEDIUM CARBON STEEL* 


In the last ie years, pon papers 
have been published (1,2,3,4,5,6)* dealing 
with the design of machine parts based 
on the knowledge of the fatigue strength 
of notched parts. Some features of this 
method of design, such as the effect of 
the average stress and of the nature of 
the stress on the resistance to fatigue, 
are relatively well known. 

But our information is less satisfac- 
tory concerning the effect of stress varia- 
tion and notch effect on fatigue strength. 
The study of the notch effect cannot be 
dissociated from the study of the size 
effect, which consists of the decrease 


(mostly observed in rotative flexure) in 
endurance limit when the diameter of 
the specimen increases. The object of 
this paper is to present experimental 
data about the size and notch effects, 
and thereby contribute to the improve- 
ment of the design of machine parts. 


GENERAL OUTLINE OF THE TESTS 


While the literature on the size and 
notch effects is extensive, it is hardly 
possible to draw from it any precise 
conclusion because nearly every experi- 
menter explores a large range of metals 
thus compelling him to restrict the num- 
ber of specimens of each. Moreover, at 
least in the less recent tests, the papers do 
- Presented at the Fifty-eight Annual Meet- 
ing of the Society, June 26-July 1, 1955. 

1 Professor at the University of Liége (Bel- 
gium). 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 978. 


not generally give sufficient descriptions 
of the chemical, metallurgical, metal- 
lographic, and mechanical properties of 
the metals tested. 

To fill this lack, these tests were re- 
stricted to one grade of steel, typical of 
current manufacturing, a medium carbon 
steel (0.35 per cent carbon) processed in 
the electric furnace with utmost care, 
and aluminum killed to make it as stable 
as possible. 

For the same reason, tests were con- 
fined to completely reversed loading in 
which omin = — Omax . The purpose was 
to study: 

1. The size effect in the various sim- 
ple methods of loading, namely, tension- 
compression, alternate flexure, rotative 
flexure, and alternate torsion. 

2. The effect of the shape of the speci- 
men in alternate flexure, showing the 
comparison of results obtained with 
rectangular, circular, and square sec- 
tion specimens placed edgewise. 

3. The effect of external notches of 
hyperbolic shape, as described by 
Neuber, on specimens stressed in ten- 
sion-compression and reversed torsion. 

4, The effect of the grain size of the 
metal for smooth and notched specimens 
stressed in tension-compression; three 
different grain sizes developed by ap- 
propriate heat treatments were used. 

5. The effect of the polishing method 
on the results for smooth or notched 
specimens; numerous comparative tests 
were made on ground (and eventually 
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mechanically polished) specimens and on 
electrolytically polished specimens. 

Besides these main tests, alternate 
tension-compression tests were per- 
formed on flat specimens provided with 
holes of various diameters, in order to 
form an opinion on the theoretical ideas 
expressed concerning the effect of the 
stress gradient (see Appendix IT). 


DESCRIPTION OF TESTS 


Steel: 


The steel used was specially melted in 
an electric furnace from bloom scraps 
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tion, in per cent: 


0.706 
Phosphorus, per cent.................. 0.021 


A spectrochemical analysis showed the 
following composition, in per cent: 


Manganese, per 0.752 
Molybdenum, per cent................ 0.008 


The average from two chemical an- 
alyses of bars 73 mm in diameter, rolled 
from the bar numbered 4-5 (Fig. 1) 
showed the following composition in 


About: About: , 
4.10 m——+2.10 m7 


4/4 LLM 


Bottom 


Discard on the Bottom 


Fic. 1.—Steel Bar, 73 mm Diameter Rolled From Test Ingot. 


and was cast into cylindrical ingots 
1.100 m in length by 0.275 m in diameter 
and weighing 580 kg (including the 
shrinkhead of 70 kg). A test ingot was 
cast for the preliminary tests. The ingots 
were rolled into round bars, 73 mm in 
diameter (furnace temperature, 1200 C; 
end of rolling, 1050C). After rolling, 
4.100 m, or 26.5 per cent, plus the shrink- 
head were cut off from the top, and 
2.200 m, or 14.5 per cent, were cut from 
the bottom of the bar (Fig. 1). The 
9.100 m-long-bars were normalized at 
725 to 750 C, and air cooled. They were 
bottom-end marked, and _ carefully 
checked and straightened: no flaws, 
seams, or scales were shown. 

The numbers 1 to 5, shown on the bar 
in Fig. 1, serve to locate their position in 
the ingot. 

The chemical analysis of the test ingot, 
hammered into round bars 30 mm in 
diameter, showed the following composi- 


2.0m+-2.0m +-2.50m +2.50m + Shrinkhead Hot Top |H 
17.50 m 


per cent: te 


The ends of each bar, examined by 
macrography, showed no crack, center 
porosity or marked segregation. The 
MacQuaid test showed an austenitic 
grain size corresponding to No. 6 (fine 


grain) of the ASTM scale.* Micrographs © 
made, after etching, on the specimens ~ 


from bars rolled and normalized showed 
that these bars had a regular structure 
in their whole section with fine grains of 


pearlite and boundaries of ferrite fairly — 


marked (Fig. 2). A magnification of 
100 showed approximately 95 grains 
per sq in., which corresponds to a grain 


size of 7 to 8 according to the ASTM | 


scale. 


3 Classification of Austenite Grain Size in 
Steels (E 19 — 46), 1955 Book of ASTM Stand- 
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Two sets of bars of the steel described 
were subjected to two special heat 
treatments in order to obtain a medium 
grain structure (ASTM No. 4), and a 
coarse grain structure (ASTM No. 2). 

_ To obtain the medium grain structure, 


Fic. 2.—Micrograph Showing Fine Grain Struc- 


ture of Specimens From Bars Rolled and Normal- 
ized (X 100). 


the bar was heated to 1125 C and held 
for 2} hr, then furnace cooled for 5 hr 
to 650C, then cooled in air. Under 
magnification of 100X, 11 grains per sq 
in. can be counted in the medium grained 
steel (Fig. 3). 

The coarse grained structure was 
obtained by heating the bar to 1150 C 
and holding for 2 hr then furnace cooling 
for 5 hr to 650 C. This structure shows a 
count of 2 or 3 grains per sq in. (Fig. 4). 

The physical properties (Table I) of 
the fine, medium, and coarse grain steels 
were determined using 27 specimens, 
13.8 mm in diameter (cross sectional 
area = 150 sq mm). 

Since there are no major differences in 
the properties of the fine grain steel, 
according to the location of the bar in 
the ingot, the results obtained can be 
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directly compared with all the fatigue 
specimens, without correction. 

Data for the S-N curves (Fig. 5) was 
obtained with Baldwin type MD2 
electronic equipment magnifying the 
elongations 20 times. Figure 5 gives the 


Fic. 3.—Micrograph Showing Medium 
Structure of Specimens (X 100). ila 


_ Fic. 4.—Micrograph Showing Coarse Grain 
Structure of Specimens (100). 
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TABLE I.—PHYSICAL PROPERTIES OF FINE, MEDIUM, AND COARSE GRAIN STEELS. 


| : Tensile Elongations, per cent : 

: | Number of | Lower Yield ’ Reduction 

Grain of Steel eg ny Tested | Strength, kg Sa, of Area, 
8 Specimens | per sq mm? pA» pd, per cent 


Elongation 


29.8 56.4 
30.5 56.5 
33.9 58.5 
31.1 62.2 
29.9 62.8 


Fine 


Medium 
Coarse 


@1 kg per sq mm = 1422 psi. 
> Gage length = 5.65 ~/ cross-sectional area. 
© Gage length = 8.16 ~/ cross-sectional area. 


4 
| 
| 
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0.20 0.30 040 Elongation in Inches . 
0.05 0.10 0.15 0.20 0.25 
Fic. 5.—S-N Curves for Steel Specimens of Different Grain Size. 


1€ 
| 
as at End of eb 
Yield, 
)2 per cent | 
he 6 30.4 | 25.2 60.1 0.81 ia eae 
— 2 7 30.4 | 25.2 | 59.2 0.90 a 
5 28.4 | 23.5 | 58.1 1.20 ‘eee 
1 - 4 24.9 21.4 47.9 0.70 mat 
1 - 5 25.5 20.4 47.0 0.42 ae 
& 
10 
| 
| | 
6 000 § § 
& 
4000 
| 
| 
Grai 
by 


958 


curves recorded from two fine-grain 
specimens, one medium, and one coarse- 
grain specimen. The average values for 
elongation, measured to within 0.001 
in. at the yield point, are recorded in 
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ratio of two were adopted in all series of 
tests. The minimum dimension compati- 
ble with the precision of the available 
machine and the maximum dimension 
compatible with the machine’s power 


TABLE II.—SPECIMEN TYPE AND MACHINE USED.* 


Diameter, mm 


Machine Used 


44> 


Baldwin-Sonntag SF-1-U 
Vibrophore Amsler Scale 10 ton 


Pulsating machine Amsler + 25 
ton 


Alternate Flexure: 
(1) Specimens circular section 


(2) Specimens rectangular section” 
ia, 


Baldwin-Sonntag SF-1-U 


Baldwin-Sonntag SF-1-U 


6\ 
Baldwin-Sonntag SF-1-U 


Schenck Simplex 


| Schenck UMBI 


8 
164 
32 
56 


} | Matra 
7 


8 
Baldwin-Sonntag SF-1-U 
32 


* The tests were generally limited to 10 million cycles, except for some performed with the Amsler 


Vibrophore. which were carried on up to 30 million cycles. On the Matra machine, the specimen is 
stressed as a cantilever beam, whereas on the Schenck machine it is submitted to a constant moment. 
The specimens were not artificially cooled, except the smooth toric tension-compression specimens 


tested with Amsler Vibrophore which were fan-cooled. 


Length width. 
© Length of the side of the square. 


4 For these specimens, the machine was modified to stress the specimen as a cantilever beam and 
to afford greater precision in the range of the small bending moments. 


Table I. It can be seen that the heat 
treatments producing medium and coarse 
grains have effectually brought about an 
appreciable reduction of the length of 
the yield elongation. 


Sise Effect: 


To study the size effect, dimensions 
in geometric progression with a common 


were determined for the whole series 
(Table II). 


EFFECT OF SHAPE OF SPECIMEN 


According to von Philipp (7) and 
Weibull (8), there is an appreciable varia- 
tion of the endurance limit depending 
upon the shape of the cross-section, 
which determines the volume of metal 


‘ 
7 
Alternate Tension Compression.............. 5 
23 
8 X 16 
16x 8 
| 1 32 xX 4 
(3) Specimens square section on edge’... ... 5 
10 
| | 
| 
| 
| 
t 


- 
le 


io 


and 
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Fic. 6.—Shape of Notch in Round Specimens. 


3. Be easily manufactured and permit 
optical control of dimensions after elec- 
trolytic polishing. 

The simplest type of notch fulfilling 
these requirements appeared to be an 
exterior hyperbolic notch in a cylindrical 
specimen. In fact, the paper by Neuber 
(1) enables calculation of all the char- 
domax max 

dh ’ dh 
stress state at the most stressed point. 

The shape of the notch, Fig. 6, is 
defined by the ratio a/b of the semi-axis 
of the generating hyperbola. A series of 


acteristics oc, of the 


TABLE III.—SPECIMEN DIMENSIONS IN MILLIMETERS (SEE FIG. 7). 


a a? a t 7 
Notch b = vs = > vi 
5 1.6 2.56 3.125 8 2.56 1.6 
8 See 2 4 2 8 4 2 
Oe Se 2.667 3 9 0.889 6 6.75 2.6 
a ee 2 4 16 0.5 6 12 3.46 
eee 1.6 5 25 0.32 4 12.5 3.54 
eee 1.333 6 36 0.222 + 18.0 4.245 
iy Se 1.0 8 64 0.125 4 32.0 5.66 


submitted to the maxima stresses. In 
order to compare these theories with 
experience, comparative tests in alter- 
nate flexure were performed on bars of 
three types of sections: circular, rec- 
tangular, and square bent in the direc- 


tin ofadiagonal. acteristics 6 and p of the 7 notches. 


_ also shows the depth, ¢, of the notches, 


Notch Effect: 

The notches had to possess the fol- 
lowing properties: 

1. Correspond accurately to known 
stress concentration factors and be capa- 
ble of variation within large limits, 

2. Allow calculation of the maximum 
domax 
dh 
of maximum comparison stress accord- 
ing to the MHencky-Mises criterion 
do, maxy 
dh 


stress gradient 


or even the gradient 


and 


7 notches numbered from 1 to 7, in in- 
creasing sharpness, was used in the tests. 


The radius, a, of the cross section of — 


the specimens at the bottom of the notch 
is 16 mm for all the specimens. Table 
III shows the other two geometric char- 


which is necessary to calculate the stress 


concentration factor. The general shape ~ 


of the specimen is shown in Fig. 7. 
The stress concentration factor &; was 


calculated by Neuber’s formula (1). 


He gives the values of &; for a notch of 
infinite depth, (&{) as well as for a super- 


ficial notch made in a part of an in-- 
finitely great diameter (kj); the real 
cases are situated between these two 


extremes; Neuber proposes to deter- 
mine k; by the interpolation formula: 
1 1 4 1 
(ke— 1)? — 1)? — 1)? 


Wf 
Y 
| 
: 
- 
| 
sler 
n is ae 
1ens 
and 
ria- 
ding 
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The values of and k; calculated 
by these formulae, are given in Table 
IV. They have been checked by means 
of the charts of R. E. Peterson (6). _ 

PREPARATION OF SPECIMENS ete 

Eight specimens of each series were 
fabricated; this amount was considered 
generally sufficient to determine the 
endurance limit. However, several series 
of smooth specimens of rectangular sec- 


- 170 


2. The necessity to avoid buckling of 
the tension-compression specimens tested 
with slow machines (Baldwin-Sonntag, 
1500 cpm; Amsler + 25 ton pulsating 
500 cpm); consequently the calibrated 
part of the specimen was given a very 
dumpy toric shape. 

3. The electric power limitations of 
the 10-ton Vibrophore; experience dem- 
onstrated that the steel used in the 
tests had a considerable dynamic hys 


Fic. 7.—Notched Round Specimen. 


TABLE IV.—STRESS CONCENTRATION FACTORS. 


Flexure 


tion (Fig, 8) tested in alternate flexure 
contained 12 specimens. All the speci- 
mens were cut from round bars 73 mm 
in diameter. From the cross section of 
these bars, one, two or four specimens 
were taken according to the dimensions 
of the latter, so that the most stressed 
fibers of the specimens were approxi- 
mately at the same average distance 
from the axis of the bar. 

The shapes chosen for the smooth 
specimens depended on: 

1. The method of gripping the speci- 
men in the testing machine, 


| 


teresis; the cylindrical specimens adopted 
in the first tests required, for maintain- 
ing the stress at a high frequency, a 
power rising above the maximum power 
of the Vibrophore and the specimens be- 
came very hot; therefore, toric specimens 
of the type shown in Fig. 9 were sub- 
stituted. 

After machining, all the specimens 
were ground with the grinding wheel 
placed in a manner to produce longitu- 
dinal scratches (practically without effect 
on the fatigue resistance). The toric 
shape of the cylindrical specimens facili- 


fe 

a | 

Stress Tension | Torsion 
Notch kel | ke* | kt kif ke 
a | No. 1......] 1.872 | 4.20 | 1.842 | 1.594 306 
F | No. 2......| 2.28 | 5.00 | 2.257 | 1.844 423 
an No. 3......| 3.20 6.20 | 3.027 | 2.522 .743 
iva | No. 5......| 5.18 8.08 | 4.60 | 3.960 .37 
No. 6......| 6.18 9.49 | 5.415 4.690 .70 
No. 7 8.195 12.32 | 7.06 6.170 362 

: 

= 

a | 


tated the longitudinal grinding operation 
(Fig. 9). 

The notches were machined’ with 
special hyperbolic profile tools, using a 
roughing tool and a finishing tool. The 
profiles were optically verified. The 
finishing tools were reground several 
times, the profile being checked each 
time. The machining was performed by 
cutting passes of decreasing depths in 
geometrical progression (1.00, 0.5, 0.25, 
and 0.1 mm) so as to have, after the last 
pass, a layer of strain-hardened metal as 
thin as possible. 

After longitudinal grinding, most of 
the specimens were mechanically pol- 
ished. The smooth specimens of cylindri- 
cal or toric shape were tested as ground, 
without supplementary preparation. The 


$=0.5 to 32 mm E 
g 
N 
-——100 —— 100 


tT 


Fic. 8.—Drilled Specimen of Rectangular 
Section. 


smooth specimens with rectangular or 
square section were hand-polished, using 
the set of metallographic papers 2, 1, 0, 
and 00 grits. The notched specimens 
were polished in the bottom of the notch 
in accordance with the method of the 
University of Hlinois Polishing Procedure 
for Metallic Fatigue Specimens‘ except 
that the emery papers were replaced by 
a set of alumina powders of increasing 
fineness. The flat smooth (Fig. 8) or 
drilled specimens stressed in _tension- 
compression were planed, then ground 
longitudinally. After drilling (holes 0.5 
to 8 mm diameter) or boring (holes 16 
to 32 mm diameter) the surface of the 
hole was polished by means of a revolving 


* Fatigue Manual (Issued as separate publica- 
tion ASTM STP No. 91). 
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wooden mandrel provided with alumina 
powder. The edges of the hole were 
slightly rounded by this mandrel. 

Some specimens were electrolytically 
polished after machining or grinding. 
The bath used was basically phosphoric 
acid; the electrodes were 18-8 stainless 
steel shaped as a tube for the smooth 
specimens and as a ring for the notched 
ones. The electro-chemical etching was 
continued until the last scratch of ma- 
chining disappeared. Measurements of 


diameter made before and after the 
4 


| | 

we of 

ar \Grind Wheel 
| 

7 


Fic. 9.—Longitudinal Grinding Operation 
of Toric Specimen. 


polishing give 0.10 mm as an average 
for the layer of metal taken off by elec- 
trolysis. 

The diameter of the notched speci- 
mens after polishing was measured by 
means of a Zeiss projection apparatus; 
and on the same apparatus the shape of 
the notches was checked against stand- 
ard profiles. Those specimens failing to 
conform were discarded. All those speci- 
mens with the No. 7 notch (the sharpest) 
were ultimately discarded because the 
profile showed excessive variation due to 
the electrolytic polishing operation. 
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TABLE V.—SMOOTH SPECIMENS. 


ALTERNATE TENSION-COMPRESSION 


| Diameter, 
mm 


MECHANICAL POLISHING 


Baldwin 


Vibrophore 
Amsler = 25 


Medium Vibrophore 
VTS iG) 
Coarse 


py 
rectangular Fine Vibrophore 
5 X 30 mm 


ELECTROLYTICAL POLISHING 


Fine 
Medium ; Vibrophore 
Coarse 


ALTERNATE FLEXURE 


Endurance Limit, 


Shape Dimensions, mm kg per sq mm 


MECHANICAL POLISHING 


rectangular 
rectangular 
rectangular 
rectangular 


square on edge ts 
square on edge 
square on edge 


circular 
circular 
circular 


Want warn 


SEN BSN 


ELECTROLYTICAL POLISHING 


4 
962 
| ef Endurance 
Se Test Grain Limit, kg per Machine 
7 | sq mm 
6 Fine 25.0 
a 
Test 
20 X 20 
23 diam 
circular 16 diam 25.0 
No. 1G... circular 22 diam 23.2 
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Ti ABLE V—Contin ued 


ROTATIVE 


| 


MEcHANICAL 


FLEXURE 


Diameter, mm Endurance Limit, kg per sq mm 


POLISHING 


2 
4 
16 
nae 


56 


ELECTROLYTICAL 


POLISHING 


ts iw ig 


23. 
22. 
21. 
20. 
22. 


ALTERNATE TORSION 


| 


Diameter, mm |Endurance Limit, kg per sq mm 


MECHANICAL POLISHING 


16 (toric) 
16 (cylindric) 
32 


ELECTROLYTICAL POLISHING 


| 
| 


repos to) bawrieds 

an“ Hertel prgal 


. 
. 
Ton 
ai 
pi 
4~ 


RESULTS OF THE TESTS 


The results obtained on smooth speci- 
mens are shown in Table V. The results 
: obtained on cylindrical specimens pro- 
_ vided with hyperbolic notches are listed 
: in Table VI. Finally the results obtained 
ne with flat bored specimens are recorded 
in Table VII. 


Results: 


A preliminary observation must be 
made: the electrolytically polished speci- 
mens give generally more uniform re- 
sults than the mechanically polished 
ones; this is clearly apparent by com- 
paring the corresponding Wohler curves, 
the dispersion of which is smaller in 
the case of the electrolytic polishing. 

The mechanical polishing leaves an 
altered layer, the properties of which 
depend on the mode of polishing and are 
therefore different from one laboratory to 
another. But, X-ray measurements have 
demonstrated, according to Hempel 
(15 p. 483), that the depth of the altered 
superficial layer due to machining may 
vary from 0.02 to 0.05 mm. As a matter 
of fact, measurements show that the 
layer dissolved by electrolysis is normally 
greater than 0.07 mm. Then it can be 
stated that the electrolytically polished 
specimens were virgin metal. 

The use of electrolytic polishing in 
fundamental research on fatigue of met- 
als is strongly advocated. It can be 
argued that this condition of the surface 
is never realized in practice; however, it 
is a state of reference well defined and 
reproducible with precision. In fatigue 
research it might conceivably occupy a 
place similar to the simply supported bar 
in the buckling tests; the simple support 
is not realized in the industrial columns 
any more than electrolytic polishing is 
in the machine parts. 

Table VI shows that the size effect is 
q slight in alternate tension-compression. 
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This concurs with Buchmann’s observa- 
tion for other metals. The slight differ- 
ences observed must probably be as- 
cribed to a frequency effect. The 
Vibrophore, which works at a frequency 
of about 8500 cpm, gives results superior 
on an average by 4 per cent to those 
obtained with the Baldwin machine, 
which makes 1500 cpm, or with the 
Amsler machine +25 ton which makes 
500 cpm. 

The effect of size was small in alternate 
flexure, where it follows similar laws for 
the specimens with rectangular, circular, 
or square on edge sections. 

The size effect is obvious in rotative 
flexure, where the difference between the 
endurance limits of specimens 2 and 32 
mm in diameter reaches 28 per cent. The 
plot of the results obtained with speci- 
mens of transverse dimensions growing 
in geometric progression shows a curve 
nearly linear (Fig. 10) for the mechani- 
cally polished as well as for the electro- 
lytically polished specimens. Therefore, 
the size effect in rotative flexure fol- 
lows an approximately logarithmic law. 

This law is not indefinitely applicable 
but it is probably related to a law, R; = 
constant, for a diameter of about 60 mm; 
in fact Fig. 10 shows that the endurance 
limit by rotative flexure of 32-mm 
specimens is nearly equal to the en- 
durance limit by tension-compression. 

The laws observed for the two types of 
polishing are nearly parallel. Conse- 
quently, there is an appreciable size 
effect on virgin metal specimens that 
cannot be ascribed to a superficial strain- 
hardened layer formed by machining. 
On this particular point results confirm 
the conclusion of Morkovin and Moore 
(9). However, the 2,4 and 8-mm diam 
specimens have a toric profile, whereas 
the 16, 32, and 56 mm diam specimens 
have a cylindrical shape; and since the 
endurance limit is always greater for 
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TABLE VI.—SPECIMENS PROVIDED 
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WITH EXTERIOR HYPERBOLIC NOTCHES. 


Endur- | 


Test Grain Notch Limit, kg ky ke 
| | ke 1 
| 
MECHANICAL POLISHING 
Alternate tension- | | | 
compression....... . No. 6 No. 1 14.0 1.692 | 1.842 0.821 
No. 7 | No. 2 12.2 1.94 2.257 | 0.812 
No. 8 | Fine No. 3 | 14.1 3.13 3.027 0.560 
No. 9 ig ts No.5 | 8.8 | 2.69 | 4.60 0.470 
No.10 | No. 7 9.30 | 2.55 | 7.06 0.256 
No. 26 No. 1 | 15.7 | 1.42 | 1.842 | 0.499 
No. 27 No.2 | 13.6 1.65 | 2.257 | 0.515 
No. 28 | Medium | No.4 | 8.7 | 2.57 | 3.86 | 0.551 
No. 29 No.7 | 10.9 | 2.06 7.06 0.174 
| 
No. 35 No. 1 14.2 1.465 | 1.842 | 0.552 
No. 36 No. 2 12.2 1.707 | 2.257 | 0.563 
No, 37 | “om No. 4 8.0 | 2.51 | 3.86 0.528 
No. 38 No. 7 9.5 2.20 7.06 0.198 
Alternate flexure...... No. 11 Fine | No.7 | 15.7 1.75 | 7.06 0.124 
Alternate torsion...... No. 4 No.1 | 13.7 | 1.044 | 1.306 | 0.164 
| No. 5 No. 2 12.2 1.019 | 1.423 | 0.409 
‘| Me 6 | we No. 3 10.8 1.173 | 1.743 | 0.436 
Pe No. 7 - No. 4 11.9 1.324 | 2.004 | 0.200 
No. 8 No.6 | 11.9 | 1.201 | 2.70 0.118 
No. 9 No.7 | 11.6 | 1.232 | 3.36 0.098 
ELECTROLYTICAL POLISHING 
| ! 
Alternate tension- 
compression........ No. 19 No. 1 | 12.9 1.69 1.842 0.820 
a. No.2 | 12.1 1.80 2.257 | 0.637 
| wine No. 3 10.1 | 2.16 | 3.027 | 0.572 
ets No.4 | 8.8 | 2.48 3.86 0.518 
io No. 5 8.4 2.60 | 4.60 0.445 
ac | No. 6 7.9 2.76 5.42 0.398 
| | Noa | 13.7 | 1.445 | 1.842 | 0.528 
| Medium | No. 4 8.0 | 2.48 | 3.86 | 0.518 
No. 6 6.75 | 2.94 | 5.42 0.440 
| No.1 13.85 | 1.46 | 1.842 | 0.545 
Coarse No. 4 8.5 2.38 | 3.86 0.483 
| | No. 6 7.5 2.69 5.42 0.383 
| - | No.1 | 15.25 | 1.65 | 1.824 | 0.790 
| me | No.4 | 13.0 | 1.93 | 3.735 | 0.340 
Alternate torsion......| No. 11 | No.1 | 12.8 | 1.100 | 1.306 | 0.327 
| No. 12 | No. 2 12.0 | 1.175 | 1.423 | 0.414 
| No. 13 | Fine No. 3 11.0 | 1.280 | 1.743 | 0.377 
No.4 | 11.4 | 1.235 | 2.004 | 0.234 
5 1. 2. 
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TABLE VII.—BORED SPECIMENS 
STRESSED IN ALTERNATE TENSION 
COMPRESSION. 
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by the existing out-of-phase between the 
cyclic dilatations imposed upon the metal 
during the test and the resulting tensions, 


toric than for cylindrical specimens the 
real size effect is certainly less than indi- 
- cated in the results of tests. 

Tests seem to demonstrate that the 
size effect in rotative flexure is funda- 
mentally different from the one existing 
in alternate flexure (Table VIII). The 
former seems therefore to ensue at least 
partially from the rotative character of 
the test and might perhaps be explained 


Test lof Hole, | Limit ke| ky | @ because of the existence of an hysteresis 
—= pene loop (Fig. 11). As to the torsion tests, 
0.25 | 14.8 |1.60:2.98/0.303 the results obtained are too dispersed 
No. 45...... 0.5 13.7 |1.732.960.372 and insufficient to draw definite conclu- 
No. 46...... 1.0 | 13.1 
ons. Th sults obtain n 
No. 47......| 2.0 | 12:3 The results obtained are not in 
No. 48...... 4.0 | 11.8 |1.99,2.77\0.560 good agreement with the theory of von 
No. 49......| 8.0 | 13.2 |1.80/2.56/0.513 Philipp (7). They do not agree very well 
No. 50...... 16.0 14.0 |1.69,2.24/0.556 
an | _ with the formula proposed by Kuhn and 
| 
= 
30 ~ 
26 » . * 
== 
Traction- Compression p:32 mm 
Traction- Compression pix 
4 De 
4 8 16 32-36 64 


Specimen Diameter, mm 
Fic. 10.—Size Effect in Rotative Flexure for Mechanically and Electrolytically Polished Specimens 


Hardrath (11): re 


4\ 
A 
SRB AL (: + / 


where A is the constant of Neuber and 
r the radius of the specimen. In fact, if 
the average value for A obtained by 
these tests were adopted, the disagree- 
ment would be complete. If the value of 
A, deduced from Fig. 3 of the Kuhn and 
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Fic.11.—Hysteresis Loop in Rotative Flex- 
ure Tests. 


TABLE VIII.—VALUES OF ENDURANCE LIMITS, o; . 


SIZE EFFECT ‘ON FATIGUE 


967 


The effect of the shape of the specimen 
has been studied only in alternate flexure, 
the results obtained being recorded in 
Table IX. These results show a slight 
increase of the endurance limit from 
rectangular to circular to square on edge 
section, which is still in accordance with 
the theories of Weibull. However, the 


Polishing | Stress 8-mm diam 16-mm diam | 32-mm diam 
ee Rotative Flexure 26.2 24.7 22.4 
Alternate Flexure 27.7 27.5 25.2 
Electrolytical............. Rotative Flexure 21.2 20.7 22.1 
Alternate Flexure 24.4 25.0 23.2 


Hardrath paper (11) were adopted, and if 
the endurance limit in alternate tension- 
compression Sa, were used, the re- 
sulting curve would be the dotted line 
shown in Fig. 11. This curve does not 
agree well with the results of this paper; 
by changing the value of Sa, , the curve 
would be lower but its shape would re- 
main different from the logarithmic law 
experimentally obtained. 

The fundamental difference existing 
between the rotative flexure stresses and 
the alternate flexure ones, is that in the 
former all the external fibers of the 
specimen are stressed successively in 
each cycle, whereas in the latter, the 
same fibers always undergo the maxima 
stresses. The volume strongly stressed is 
much smaller in alternate flexure. 

According to the theory of Weibull, 
based on the statistical distribution of 
defects, the endurance limit should be 
higher in alternate flexure. Table VIII 
shows that experience confirms these 
theoretical provisions; however, a quan- 
titative control of the theory of Weibull 
would require an enormous number of 
experiments and is therefore impossible. 


differences observed are small and of the 
same order as the precision of the meas- 
urements; so it is not possible to draw 
any quantitative conclusion. It would be 
necessary, in order to determine the 
trend more definitely, to carry on new 
tests on many specimens, eliminating 
the disturbing influence of the mechani- 
cal polishing by a systematic use of 
electrolytically polished specimens. 

It has been stated in many papers that 
the value of the ratio r; to a; of endurance 
limits in torsion and bending, respec- 
tively, experimentally determined is in 
accordance with the criterion of Hencky 
and von Mises, which states that this 
ratio should be 1/+/3 = 0.577. 

The quantity r; can be determined 


TABLE IX.—VALUES OF ENDURANCE 
LIMITS, oy . 


Dimension in millimeter { #..... 4 8 16 | 32 
(for definition see | 16 23 
Table III) 5 10 20 

Shape of Section: 

Rectangular........... 25 .2|26.4 24.5|25.3 
27.7/27.5 25.2) .. 
Square on edge......... 27 .6)/27.6 25.3 
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only by a torsion test, which then coin- 
cides with the endurance limit in alter- 
nate torsion. The quantity o;, on the 
contrary, can be determinated in tension- 
compression, in alternate flexure, or in 
rotative flexure. In Table X are recorded 
the values of the ratio r;/o, calculated 
by the various possible methods. Table 
X shows that the ratio may vary within 
large limits, and is approximately 1/./3 
only if oy represents the endurance 
limit of tension-compression or rotative 
flexure, but not if o, is determined in 
alternate flexure. 

In brief, it is certain that the state of 
surface of the specimens mechanically 
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polished notched specimens and _ those 
electrolytically polished (see Table V1). 

The endurance limit R, of electro- 
lytically polished specimens progressively 
decreases when the sharpness of the 
notch increases; while the endurance 
limit of the mechanically polished speci- 
mens goes down to a minimum, and then 
rises again. This fact is characteristically 
repeated for the three grain-sizes under 
observation. The meaning of these re- 
sults can be deduced by imagining that 
the hyperbolic tool causes the metal of 
the specimen to be reinforced by strain 
hardening up to a certain depth. This 
reinforcing effect, similar to that ob- 


TABLE X.—VALUES OF RATIO 1;/a;. 


Polishing 


Electrolytically 
Polished 


Mechanically Polished 


Diameter, mm 


32 16 


Tension-Compression 
Alternate Flexure 
Rotative Flexure 


Comparison Stress 


0.571 0.647 
0.528 


0.594 0.631 


polished, cylinder or toric shaped, and 
their method of stressing (constant or 
linearly variable bending moment) play 
an important part in the results hitherto 
published about the size effect. Con- 
sequently, it is impossible to draw any 
positive conclusion from these tests. 
However, we cannot completely agree 
with Hempel (16) when he states that the 
size effect is mostly of technological 
origin, for these tests indicate a size 
effect of appreciable magnitude on elec- 


tained in shot-peened specimens, re- 
sults in compensating, then outweighing 
the damaging effect of the geometrical 
shape of the notch. It seems necessary, 
therefore, in order to progress in the 
fundamental knowledge of the notch 
effect, to observe this effect on virgin 
specimens, that is, electrolytically pol- 
ished. This shows also that it is hopeless 
to draw precise conclusions from the 
countless data on notched parts pub- 
lished in the literature, because there is 


trolytically polished specimens. no information on the param- 


RESULTS FROM TESTS ON 


NOTCHED SPECIMENS 


The first conclusion of the tests on 
notched specimens is particularly clear: 
there is a fundamental difference be- 
tween the results of the mechanically 


eter “surface state,” the role of which 


is outstanding. 


Notched Specimens Stressed by Tension- 


Compression: 


The author has compared his experi- 
mental results with the formulae of 


= 


a 
- 
|| 
0.603 
0.520 
0.578 
jab 
+f ‘ 
| 
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ry 
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Neuber (1) and Heywood (3); in both 
cases there is hardly any agreement (see 
Appendix I). The author believes these 
formulae are not appropriate for the 
steel under study. However, the com- 
parison with the curve given by Peterson 
for the normalized steels (Fig. 12) is in 
good agreement with the results on fine 
grain, notched, mechanically polished 
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1 


Tmax dy 


But the specimen cannot be assimilated 
to a notched specimen with the reduced 
gradient heretofore, because, if ky = 1 
we must have also ky = 


also, 


1, unless g = 


F~ Fine Grain 


= 
8 
> 
2 
= 
a 
” 
= 
z 


M— Medium Grain 
C— Coarse Grain 


M, 
| 


m— Mechanical Polishing 
Electrolytical Polishing 
! 


0.125 0.32 OS 0.889 | 


Notch Rodius,r mm 


0 7685 4 3 


No. of the Nofch 


Fic. 12.—Notch Sensitivity Factor for Fine, Medium, and Coarse Grain Specimens Both Mechan- 


ically and Electrolytically Polished. 


specimens. Therefore, it seems that this 
curve is actually the best base to adopt 
for designing notched machine parts. 

The only drawback of the Peterson 
curve is that it does not allow association 
of the size effect to the notch effect. In 
fact, in a smooth part stressed in rota- 
tive flexure: 


ky — 1 
f — should be infinite. On the con- 


trary, a law of the kind oa! 


1 
= 
dy ) 


could still be applied in the limiting 
case where: 


ky 
ky 


1 do max 1 
ne — —- 
an dy r 
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and would give a value: 


endurance limit in altern- — 
ative tension compression 


ky ae 
endurance limit in rotative flexure. 


1 
Fos avhne4 = function of *) inferior to 1. 
r 


The only laws of this type which have 
been proposed according to the author’s 
information, are that of Heywood (4, p. 
351): 


where: 
R, = static tensile strength in kg per 
sq cm; 
r = radius of curvature at the bottom 
of the notch in cm. 

Unfortunately, Heywood’s law does 
not perfectly agree with the author’s 
results (see Appendix I). As for the one of 
Bollenrath and Troost, it does not agree 
at all with the author’s results, nor, with 
those obtained by other experimenters. 
As a matter of fact, the tests point out 
that, when the radius, r, of the notch 
decreases, the notch sensitivity, g, de- 
creases and approaches zero; that is to 
say k; should approach 1, which does not 
occur with the above formula. 

The plotted results of tests on fine 
grain electrolytically polished specimens 
fall under the curve of Peterson, thereby 
illustrating that electrolytic polishing 
results in slightly decreasing the notch 
sensitivity of the metal. 


Finally, for the four series of medium 
or coarse grain notched specimens (Fig. 
12) either mechanically or electrolyti- 
cally polished, the notch sensitivity 
factor of the metal is nearly constant in 
the great interval, 0.5 < r < 3.125 mm, 
and is equal to 0.53 + 0.03. This con- 
clusion alone summarizes 14 endurance 
limits, that is the results of tests of 112 
specimens. 


Notched Specimens Stressed in Alternate 
Torsion: 


When the sharpness of the notch is 
increased, the endurance limit decreases, 
reaches a minimum, then rises again. 
This fact appears on electrolytically 
polished specimens as well as on mechani- 
cally polished ones. This must be attribu- 
ted to the strain hardening brought 
about by the tool cutting the notch, 
this strain hardening being too deep to 
be eliminated by the dissolution of the 
superficial layer which ensues from the 
electrolytical polishing. The curves 
q = f(r) are shown in Fig. 13; they do 
not tend towards 1 when r increases. 
Also the notch sensitivity in torsion is 
definitely smaller than in tension-com- 
pression. 

Finally, the design of the curve g = 


f(r) depends largely on the shape of the 


specimen by means of which the endur- 
ance limit of the smooth part has been 
determined. The curve for the mechani- 
cally polished cylindrical specimens is 
shown in full line, and the electrolytical 
polished in dotted line. But, for a toric 
specimen, the endurance limit of which 
is higher (15.7 kg per sq mm instead of 
14.3 kg per sq mm), the notch sensitivity 
becomes higher, as shown by the dots in 
Fig. 13. 


Bored Specimens Stressed in Tension 
Compression: 


The results of tests on smooth bored 
specimens (Table VII) give a curve 


Te: 
7 | 
Be r 
. and the one of Bollenrath and Troost 
(17): 
hy R, 
ky 1 
R, 
13 700 
f 
a 
I 
1 
d 
| 
q | 
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Notch Sensitivity Factor 


‘ 


0.222 
0.125 0.32 0.5 0.889 


Notch r mm 


3 3.125 


76S 4 3 


No. of the Notch 


Fic. 13.—Notch Sensitivity Factors for Specimens Stressed in Alternate Torsion. 


= f(r). The value 23.7 kg per sq mm, 
for smooth torical specimens was adopted 
as the endurance limit for smooth speci- 
mens. A plot of the experimental points 
gives the dotted curve, Fig. 12, situated 
much below the curve of Peterson. 

Peterson plots the radius, r, along the 
abscissa, while according to Siebel (12) 
and Ros (13) the notch sensitivity factor 
should depend on the gradient of stress. 
The. author could believe that the 
discordance between the dotted curve 
and Peterson’s curve is due to this fact, 
but will show that this conclusion is 
wrong. 


The gradient( “7 ans , or the quantity 


+. (% the tit 
or the quantity 


Omedium 


max 
do 

( il = , may be adopted as the param- 
( 


eter. For a bored part of infinite width 


da 1 (do 


7 
r? and 3r 


Table XV gives the values of the quan- 
tities 


7 Fmed , 


Tmed 


Tmax 


they are not very different from the 
preceding values 2.333 and 7, except for 


Login, 


Logon 


(a) 


Fic. 14.—Reduced Gradient Effect. 
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TABLE XI—VALUES FOR REDUCED 


GRADIENT. 

de do 

Notch r,mm max (F) 

Tmax | 
No. 1 3.025 1.175, 0.628 | 0.661 
2.000| 2.215) 0.971 | 1.000 
| 0.889) 7.17 | 2.24 | 2.25 
No. 4....... 10.5 | 16.31 | 4.07 | 4.000 
No. 5....... | 0.320} 32.7 6.31 6.25 
eS eee 0.222) 56.1 | 9.09 | 9.000 
0.125) 132 16.10 |16.00 


TABLE XIIL—RESULTS ON TORIC AND 
ELONGATED SPECIMENS IN ROTATIVE 
FLEXURE. 


Mechani- | Electro- 
cal | lytical 
| Polishing | Polishing 


Longitudinal Shape of Specimen 


| 26.2 | 
Cylindrical very elongated. | 23.8 | 


the holes of 8 and 16 mm radius. The 
calculations for the preceding gradients 
for a tension tested part having a hyper- 
bolic notch of infinite depth, were based 
on the strict formulae of Neuber (1). 
The results obtained are recorded in 
Table XI. The values found for the 


dl are very 


near to those given by the approximate 


reduced gradient 


expression ~, which is proposed by 


Petersen (10). Consequently, if the param- 
eter on which the notch sensitivity 


1 /d 
factor g depends is p = : (5) , this 


parameter has practically the same 
expression for the two types of speci- 


mens \~ against ~~ and no important 


error is made by plotting, 7, as abscissae 
instead of the said parameter. If, on the 
contrary, one adopts, as parameter on 
which g depends, the quantity: 


1 
dl mar rit 
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it can be seen that the radii req of the 
hyperbolic notches corresponding to the 
radii of the holes are very different from 
r. In order to find these equivalent radii 


Te, , the curves p = f (*) are drawn for 


the bored parts and the hyperbolic 
notched parts. The equivalent radii can 
be directly read on the graph; they are 
recorded in the last column of Table XV. 

Plotting as ordinates, Fig. 13, the 
values for g obtained experimentally 
(recorded in Table VI) and as abscissae 
the equivalent radii, as shown in Table 
XV, the result is a curve (not drawn) 
which would fall further from the curve 
of Peterson than the dotted curve. 

It can be concluded from the preced- 
ing argument that, whatever the defini- 
tion chosen for the gradient, p, the curve 
gq = f(p) of the bored specimens con- 
siderably differs from the one correspond- 
ing to the revolution hyperbolic notches. 
This difference seems to point out that 
Peterson’s curve cannot be applied to all 
types of notches. 

The author has also compared his 
results with the theory proposed by Ros 
(13); the principal practical consequences 
of this theory are as follows: 

(a) The stress gradient has no in- 
fluence on the fracture by fatigue and 
k; is a definite function of ky ; 

(6) One must associate with the speci- 
mens stressed by rotative or alternate 
flexure and alternate torsion coefficients 
of stress concentration respectively equal 
to ki = 1.7 and & = 1.33. 

These values correspond, through 
the use of the curve k; = f (R:), to deter- 
mined values of ky ; consequently the 
endurance limits in rotative or alternate 
flexure and in alternate torsion should be 
a constant fraction of the ones obtained 
in alternate tension-compression. 

The author believes that the results 


_ reported in this paper definitely negate 
‘ the hypothesis of Ro$; in fact, the tests 


> 
| 
‘ 
“4 
Ps 
— 
hid 
. 
% 
i 
| | 


= 


on bored specimens show an unques- 
tionable effect of gradient. On the other 
hand, the points representing the tests 
on smooth specimens do not correctly 
take place on the curve ky = f(k:) ob- 
tained with tests on notched specimens. 

The principal reason for this is that the 
points representing the tests on smooth 
specimens tested by rotative or alternate 
flexure spread out upwards on account 
of the evident size effect observed in 
these tests, while RoS states that this 
size effect does not exist. Besides, the 
theory of Ros puts on the same level the 
rotative flexure and the alternate flexure, 
while results obtained for these two 
stresses are definitely different. Inci- 
dentally, RoS explains the fatigue be- 
havior of notched specimens by the 
progressive development, in the bottom 
of the notch, of residual stresses of com- 
pression during the fatigue test. 

The “Centre National de Recherches 
Métallurgiques,” Section de Liége, per- 
formed measurements of residual stresses 
by X-ray diffraction on some specimens. 
On each specimen, several measurements 
were made after numbers of stress cycles 
increasing approximately in geometrical 
progression. These measurements have 
not detected any noticeable residual 
stress, but their precision was unfor- 
tunately very low. It would be very 
interesting to resume these measure- 
ments with improved means and with a 
steel that would enable obtaining the 
maximum accuracy. 

Notwithstanding, the important dif- 
ferences between the results for the 
mechanically polished specimens and 
those for the electrolytically polished 
ones demonstrate that the layer of metal 
strain hardened by machining and sub- 
sequent polishing has a considerable 
effect on the behavior of the specimen. 

In the author’s opinion, this effect by 
far outweighs the one of the residual 
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compression stresses, the real existence 
of which remains to be demonstrated. 


Effect of Grain Size: 

The results obtained show that the 
notch sensitivity factor, g, decreases 
very much, for the slight notches, when 
one passes from the fine grain (qmean = 
0.8) to the medium grain (gmean = 0.53); 
on the contrary, there is no appreciable 
difference between medium and coarse 
grain. 

This points out that the “structural 
elementary unity” of the steel, at least if 
this concept makes sense, is greater for a 
medium or coarse grain steel than for a 
fine grain steel. However, this structural 
unit does not coincide with the medium 
dimension of the grain micrographically 
determined. 

The dispersion of the results of fatigue 
tests is definitely greater for the medium 
or coarse grain grades than for the fine 
grain grade. 


ADDITIONAL INFORMATION DEDUCED 
FROM THE TESTS 


Although the tests were mostly made 
for the study of the endurance limit, 
conclusions which may be drawn in the 
domain of the finite lives of the speci- 
mens should be examined. 

The Wohler curves all presented the 
classical form composed of two straight 
lines, except for the notched specimens 
stressed by alternate torsion, which all 
show a polygonal Wohler curve composed 
of three straight lines. 

In the course of the tests, the author 
has observed the effect of the longitu- 
dinal shape of the specimens on their 
resistance to rotative flexure; and has 
effectively obtained results clearly dif- 
ferent on specimens of toric shape and 
on specimens of very elongated cylindri- 
cal shape, (//d = 20) as shown in Table 
XII. 

Similarly, the torsion tests on the two 
types of specimens have given definitely 


ne 
or 
lic | 
re 
he 
ly 
ae os 
ve 
ni- 4 
ve | 
es. 
lat 
all 
his 
; 
ces | 
— 
in- 
ate CA : 
- 
ual 
» 
er- 
the 
ate 
be 
ilts 
| — 
StS 
a 


974 MASSONNET ON GRAIN SIZE EFFECT ON FATIGUE) 


different results (15.7 kg per sq mm 
against 14.3 kg per sq mm). 

This difference can be explained by the 
theory of Weibull (8) and we intend to 
investigate the matter more thoroughly 
by tests on diversely shaped specimens 
electrolytically polished and by multiple 
tests in order to obtain better average 
values. 


Results of these tests: 


1. Demonstrate the importance of 
electrolytic polishing in the fundamental 
researches on the nature of the fatigue 
phenomenon. 

2. Emphasize in an unquestionable 
way an important size effect in rotative 
flexure and furnish the quantitative law 
of variation of the corresponding en- 
durance limit. 

3. Show practically no size effect in 
tension-compression and slight in alter- 
nate flexure. 

4. Permit selection, among the many 
theoretical laws about fatigue resistance 
of notched parts, of the law of Peterson, 
which shows the best agreement with the 
experimental facts. 

5. Provide diverse curves useful for 
designing machine parts made of medium 
carbon steel. 

6. Emphasize the effect of the metal- 
lographical grain size, which results in 
largely reducing the notch sensitivity 
and stabilizing the value of this sensi- 
tivity by annulling, for the shallow 
notches, the effect of the stress gradient. 

7. Finally, point out that the stress 
gradient has an appreciable effect on the 
fatigue resistance. 

These tests provide therefore, for the 


studied medium carbon steel, a partial 
answer to unsolved problems which were 
brought to the attention of engineers in 
an ASTM Special Technical Publication 
(14). 
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1. Neuber formula 


APPENDIX I 


“The ability of the Neuber and Heywood 
formulae to represent the results of these 
tests has been appreciated as follows: 


This formula is written ((1), p. 163): 


ment). 


= ols 


of the notch and A a 
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apt 


at 
fic 


characteristic constant 
of the material (for a definite heat treat- 


Kuhn and Hardrath have suggested the 
hypothesis that A depends only on the 


static tensile strength R, of the material; 


they have deduced from tests published in 


the literature, a curve /A = f (R,). 
-kp — 1 , a In order to test the Neuber formula, it 

* > can be stated that it may be written: 
where: 
r is the radius of curvature at the bottom ; —_ 


TABLE XIII—AVERAGE AND EXTREME VALUES OF “A” UNDER TENSION, a 5 
COMPRESSION, AND ALTERNATE TORSION. ; 


Stress 


Grain 


Mode of Polishing 


mm 


Average A, 


Values of 


Tension Compression. . 


.| Fine 


Medium 


Coarse 


Mechanical 
Electrolytical 


Mechanical 
Electrolytical 
Mechanical 


Electrolytical 


0.454 
0.463 


2.140 
1.100 


1.43 
1.11 


0.108- 1.057 
0.151— 0.688 


0.330—- 3.160 
0.360- 2.510 


0.400— 2.060 
0.574-— 2.180 


Alternate Torsion... .. 


.| Fine 


Mechanical 
Endurance Limit = 14.3 
Endurance Limit = 15.7 
Electrolytical 


1.48 -81.2 
0.361- 4.16 
2.43 -51.9 


FORMULA TO AUTHOR’S TEST RESULTS. 


TABLE XIV.—VALUES OF “A” OBTAINED FROM APPLICATION OF HEYWOOD’S 


| 


Stress Grain Mode of Polishing _—— Extreme Values of A 
Alternate Tension-Com- | Fine Mechanical 4] - r 0.0287 | 0.0063-0.0394 
| Medium Mechanical 0.0473 | 0.0137-0.0703 
| Electrolytical "3 0.0462 | 0.0392-0.0599 
woe 

| Coarse Mechanical 0.0857 | 0.0508-0.1522 
| Electrolytical 0.0528 | 0.0482-0.0572 

Alternate Torsion... .. Fine Mechanical 
Endurance Limit = 14.3 0.0544 | 0.0222-0.0931 
Endurance Limit = 15.7 0.0372 | 0.0055-0.0685 
Electrolytical 0.0467 | 0.0220-0.1067 
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which permits calculation of the value of the 
“elementary structural unit A”’. 

The average and extreme values of A 
obtained by application of the formula are 
given in Table XIII. This table shows that 
the difference between the limit values of A 
is very great and that A can hardly be con- 
sidered as a constant. Therefore, we think 
that the formula of Neuber cannot be used. 
However, we must notice, with Kuhn and 
Hardrath, that the value of A calculated by 
the formula (2) is very sensitive to a small 
variation of g. Let us notice that, according 
to Kuhn and Hardrath (11), the value of A 
corresponding to R, = 57.1 kg per sq mm 
(= 81600 psi) would be A = 0.00623 in. = 
0.158 mm. This value is not in agreement 
with the average values given heretofore. 

The table below shows too that, with an 
equal tensile strength, the average value of 
A largely depends on the grain size of the 
metal. 


wm 
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. Heywood formula 


The Heywood formula is ((4), p. 351): 


* 

k 
bow in A+ 2 


which may be written 


Table XIV gives the average and extreme 
values of a by application of this formula to 
our test results. Here again, the differences 
between the limit values of @ are very im- 
portant. 

It can be concluded from this examination 
that the laws of Neuber and of Heywood do 
not represent correctly enough the general 
behavior of variation of ky with r. 
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APPENDIX II 


Besides the hyperbolic notched specimens, 
fatigue resistance in tension-compression of 
flat specimens was studied. A transverse hole 
was bored in the specimen (Fig. 9) in order 
to compare with the results obtained by 
RoS (13), and to estimate the effect of the 
stress gradient upon the endurance limit. 

These specimens have a width B. Holes 
having diameters which increase in geo- 
metrical progression following the series 
0.5, 1, 2, 4, 8, 16, and 32 mm, are bored in 
the specimens. 

The stress concentration factor is ob- 
tained within close approximation by the 


empirical formula 
_B 


_ 36-1 
which is in agreement with the photo-elastic 
measurements of Hennig as well as with the 
theory of Howland. 
The stress gradient can be estimated by 
the approximation method of Ruhl (5). 
The distribution of the normal stresses on 
the section MN (Fig. 9) can be represented 
by the expression: 


which is a generalization of the formula of 
Kirsch 


(1) 


0, = 


Omax 
= (2 +c—+ 3c 
x? 


applicable to a plate of an infinite width. 
The expression for the edge of the hole 


where (x = r) reduces itself to max ; then 
it follows from Eq 2 that: 


Moreover, the average stress upon the 
width at MN must be equal to omax ; in 


ky 
order to fulfill this condition, 


where D represents the expression: 


p — 1) -1 


The stress gradient at the point M is ob- 
tained by Eq (2): 
14¢¢max 


© do, 
= 
GX Jou 


Thus the reduced gradient is: 


7¢ 14(k, 1) 
1+2¢ k(4—D) 


. -(6) 


c’r 


By means of Eqs 1, 5 and 7, k; and Omax 
can be calculated for all the specimens of 
the series; the results obtained are recorded 
in the Table XV (Fig. 14). 
G 
The value of Gmedium is but little different 
6.75 
from the value of r(mm) which is very close 
to the value 7 corresponding to a hole drilled 
r 
into a part of infinite width. 


TABLE XV.—VALUES OF STRESS GRADIENTS FOR SERIES OF BORED SPECIMENS. 


Width of R 
Specimen, 
B, mm 2r 


Radius of 


Series Hole, r, mm 


Reduced Gradient 


Radius of Hyper- 
bolic Notch 
Having Same 

Reduced 
Gradient, mm 


rG 


rG 


Tmax medium 


45 
45 
50 
60 
64 
64 


5.96 
.92 
-87 
67 
.40 
-26 


2.34 
2.34 
2.35 
2.36 
2.41 


977 
¢ 
2(k, — 1 - 
me 
to 
m- 
ion 
do 
ral 
7 
|__| 
| 90 2.98 0.358 
No. 0.5 45 2.96 0.567 
| | 25 2.925 0.910 
2.0 | 15 2.88 1.48 
No.5............. 4.0 | 8 2.77 2.35 
70 | «2.187 | 2.24 | 2.79 | 
=> 


(1) 


(2) 


(4) 


(S) 


(6) 


(7) 


‘ 


(8) 
(9) 
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FATIGUE PROPERTIES OF COMPARABLE CAST AND WROUGHT STEELS* 
By E. B. Evans,! L. J. EBpert! anp C. W. Briccs? 


Engineers and designers, in choosing 
between cast and wrought steels for use 
in the production of a particular part, 
must consider the physical and me- 
chanical properties of both materials be- 
fore an intelligent decision can be made. 
At present there is a lack of necessary 
information on the relative fatigue 
properties of cast and wrought steels. As 
a result, the Steel Founders’ Society of 
America initiated a research program to 
supply this much needed data. 

The work was divided into four main 
parts covering some of the more com- 
mon factors which may influence the 
fatigue performance of standard-carbon 
and low-alloy steels, both cast and 
wrought, in the 0.30 to 0.40 per cent 
carbon range: 

I. Effect of Steel Composition ont 
Heat Treatment 
II. Effect of Surface Finish : 

III. Directionality 

IV. Section Size Effect (Mass Com- 

ponent) 

These fatigue studies were carried out 
with small laboratory fatigue specimens 
tested in rotary bending, supplemented 
by tension and hardness tests for all 
steels, as well as by room-temperature 
impact tests for the cast steels used in 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Research Associate and Assistant Professor, 
respectively, Department of Metallurgical 
Engineering, Case Institute of Technology, 
Cleveland, Ohio. 

2Technical and Research Director, Steel 
Founders’ Society of America, Cleveland, Ohio. 


the section size study. In Parts I and 
III both the notched and unnotched 
fatigue results are discussed. dial 


MATERIAL, HEAT TREATMENT, 
AND PROCEDURE 


The comparable cast and wrought 
steels used in this investigation included 
a cast and wrought 1040 carbon steel, 
four low-alloy cast steels (1330, 4135, 
8630 and 8640) and four low-alloy 
wrought steels (1340, 4140, 4340 and 
8640). In all, 19 different heats of steel 
(11 cast and 8 wrought) were tested. 
The cast steels were supplied in coupon 
form, the wrought steels in the form of 
hot-rolled stock. The identification and 
chemical analyses of the various heats 
are listed in Table I according to their 
use in the various phases of the investi- 
gation. 

Prior to machining and testing, the dif- 
ferent steels were heat treated in various 
ways. The plain-carbon series steels were 
either annealed or normalized and tem- 
pered, and the low-alloy steels were 
either normalized and tempered or 
quenched and tempered. The details of 
the heat treatments employed are given 
under each phase of the investigation. 
Except where otherwise indicated, all 
heat treating was done in the laboratory. 

Fatigue tests were conducted on stand- 
ard R. R. Moore high-speed (10,000 
rpm) rotating-beam machines. The un- 
notched and notched specimens em- 
ployed are shown in Fig. 1. = 
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On FATIGUE OF CAST AND WROUGHT ‘STEELS 


Except for the surface finish study, all 
unnotched specimens were carefully 
ground and lapped longitudinally to re- 
move all traces of circumferential 
scratches before testing. The notched 
specimens were polished to a high finish 
at the base of the notch, employing a 
0.030-in. diameter wire lap and a fine 
abrasive. 

Eight to eleven fatigue specimens were 
tested to establish each S-N (applied 
stress versus number of cycles to failure) 


a 

0.48!" 

-0.001" 


0015 Relief 
Toper 370.005" 
per ft 


-Diom 20NC Tapped | 
Hole Deep 02200 


93 Rad 
Blend g Rod 


5 Di m 20 NC Tapped 
Holes Deep 


Notch 60" Angle: 
0015 Rad at Base 
X0.035" Deep 


Fic. 1.—Fatigue Test Specimens. 


'+0.005" 
per ft 


Blend Rad 


curve. The endurance limit was taken as 
the maximum stress borne for 10 million 
reversals without failure. Unless other- 
wise pointed out, the curves were ob- 
tained as “lines of best fit” with the ex- 
ception that the endurance limit was 
based on test results which showed no 
failure after 10 million cycles and which 
was always less than the individual test 
results of specimens which had failed. 

In conjunction with each S-N curve, 
standard 4-in. diameter tension speci- 
mens were tested at least in duplicate. 
The broken tension test sommes served 


as sections for standard Brinell hardness 
tests. Standard Charpy V-notch impact 
tests at room temperature were per- 
formed, at least in duplicate, in conjunc- 
tion with each S-N curve determined for 
the cast steels in the section size study. 


Part I.—EFFEeEctT OF STEEL COMPOSITION 
AND HEAT TREATMENT 


The studies in this phase of the in- 
vestigation included a plain-carbon steel 
and four low-alloy steels which were 
studied in the unnotched and notched 
condition. The five cast steel grades 
were 1040, 1330, 4135, 4335, and 8630; 
the five comparable wrought steels were 
1040, 1340, 4140, 4340, and 8640. The 
plain-carbon steels were tested in the 
full annealed and in the normalized-and- 
tempered condition; the four low-alloy 
steels were tested in the normalized-and- 
tempered and in the quenched-and- 
tempered conditions. For each steel 
series for a given heat treatment the 
tensile strength level of the cast and the 
wrought steel was the same. In all, the 
five steel series encompassed a tensile 
strength range of 80,000 to 170,000 psi. 

The identification, heat treatment, 
tensile properties, hardness, and fatigue 
test results are listed in Table II. Typical 
fatigue curves (S-N curves) are shown in 
Figs. 2 to 5 for the unnotched and 
notched conditions. 


Unnotched Fatigue Properties: — 


The S-N curves for all the unnotched 
wrought steels showed but little scatter 
in the test data for all the steels investi- 


gated. Although the data for the com- 


parable cast steels showe:! somewhat 
more scatter, the general shape of each 
curve and the endurance limit for 10 
million cycles appeared to be well de- 
fined. The S-N curves for the wrought 
steels all exhibited a sharp knee at about 
10® cycles; all the cast steels seemingly 
exhibited a relatively continuous curve. 
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On FATIGUE OF CAST AND WrouGHT STEELS 


60 000 


55 000 


1000 Series 


Unnotched Notched 
50000}— No.2 Wrought 1040 ° a 


No. | Cast 1040 
45000 +H 


40000 


35000 


30000 


25000 ere 


10* 10° 10° 
Cycles to Failure 


Fic. 2.—S-N Curves for Cast 1040 and Wrought 1040 Steel (Notched and Unnotched) Annealed a 
Condition. 


60 000 | | 


55000} No 4 Wrought 1040  Unnorcned Notehe 
NO. 3 Cast 1040 o 
50 000 


45000 
40 000 
35 000 4 
No Failure 


Stress, psi 


30 000 
| itr 


25 000 
104 105 10& 
Cycles to Foilure 


Fic. 3.—S-N Curves for Cast and Wrought 1040 Steels (Notched and Unnotched) Normalized — 
and Tempered to Same Strength Level. 
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In addition, each wrought steel had a 
flatter type S-N curve than the com- 
parable cast steel. 
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ment when necessary, it was found in all 
cases that the endurance limit of the 
cast steel was about # the longitudinal 


ized and Tempered to Same Strength Level. 


A direct comparison of the endurance 
limit of cast and wrought steels is dif- 
ficult on a quantitative basis unless both 
have the same tensile strength. Since the 
tensile strengths were not always equal, 
it was necessary to adjust the cast en- 
durance limit. By applying this adjust- 


85000 | Hill 
al 8600 Series | | | 
Unnotched Notched —— 
No.13 Wrought 8640 ° 
No.1|2 Cast 8630 a 
75000 Lig 
\ 
qd 
70000 
| 
“eb 
60000 
a 
| 
50000 
45000 
40000 
NIN 
35000 
Sante 
30000 
No Failure 
25000 
104 105 10® 


Cycles to Failure 
Fic. 4.—S-N Curves for Cast and Wrought 8600 Series Steel (Notched and Unnotched) Normal- 


endurance limit of the comparable 
wrought steel. This condition is shown 
in Fig. 6. This relationship appeared to 
be unaffected by steel composition and 
type of heat treatment. 

The endurance ratio for plain-carbon 
steels in both the fully annealed and in 
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the normalized-and-tempered condi- alloy steels exhibit somewhat higher — 


e 
; tions was 0.40 for the cast steel and 0.48 values of endurance ratio than those of 
for the wrought steel. The endurance _ the plain-carbon steels. 
95000 
mm 1 
im Series 
t 
90000} wrought sego Unngehed 
No. 20 Cast 8630 
4 
85 000 
A ° 
80000 
75000 
_ 70000 
oa 
a 
65000 
60000 
55000 
50000 
No Fail 
45000 
40000 Se 
© 
35000 
10% 10° 10° 10 
Cycles to Failure 
nal- Pe. 5.—S-N Curves for Cast 8630 and Wrought 8640 Steel (Notched and Unnotched) Hardened 
and Tempered to the same Strength Level. 
ble ratio for the four alloy series steels in Notched Fatigue Properties: 
wn both the normalized-and-tempered and External notches of one sort or an- 
| to in the quenched-and-tempered condi- other are nearly always present in 
and tions encompassed a range of 0.42 to commercial steel components because of 
0.50 for the cast steels and for the design requirement, machining methods 
bon Wrought steels a range of 0.55 to 0.60. or discontinuities; therefore, the notch 
1 in These results show that for a given effects should be considered for both 
material—cast or wrought—the low- cast and wrought materials. In this 


_ 
< 
x 
- 
‘ 
fet 
is 
age 
| 


986 


Steels. 
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100000 | | | 
90000 © Wrought Steel 

e Cast Steel 
80000 | 

Unnotched- 

% 70000 Wrought bast 

60000 

| 

5 

5 40000 

s (Notched-Cost 
~ 30000 Wrought 

> 
f 20000 
10000 


Tensile Strength, psi 
Fic. 6.—Variation of Endurance Limit with Tensile Strength for Comparable Cast and Wrought 


60000 80000 100000 120000 140000 160000 180000 


TABLE III.—-FATIGUE STRENGTH REDUCTION AND NOTCH SENSITIVITY FACTORS 
FOR COMPARABLE CAST AND WROUGHT STEELS. 


’ For N = 10’ cycles and K, = 2.2 


| Tensile Strength, 


Fatigue Strength 


Steel psi Reduction Factor, Notch Sensitivity, 
a 
ANNEALED 
Cast 1040 83 500 1.28 0.23 
Wrought 1040 81 400 1.52 0.43 
NORMALIZED AND TEMPERED 
ye ere Cast 1040 94 200 1.35 0.29 
Wrought 1040 90 000 1.60 0.50 
Cast 1330 99 300 1.53 0.44 
Cast 1330 97 000 1.34 0.28 
’ Wrought 1340 101 800 1.78 0.65 
Cast 4135 112 700 1.54 0.45 
Wrought 4140 111 100 1.99 0.81 
Cast 4335 126 500 1.81 0.68 
Wrought 4340 124 600 2.16 0.97 
Cast 8630 110 500 1.63 0.53 
Wrought 8640 108 500 2.02 0.85 
QUENCHED AND TEMPERED 
Cast 1330 122 200 1.57 0.48 
Wrought 1340 121 200 1.88 0.73 
Cast 4135 146 400 1.51 0.43 
Wrought 4140 146 800 2.12 0.93 — 
Cast 4335 168 200 1.61 0.51 
Wrought 4340 168 400 2.10 0.92 
Cast 8630 137 500 1.68 0.57 
Wrought 8640 138 200 2.08 0.90 
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Notch Sensitivity, q 
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Fatigue Strength Reduction Factor, Kg 


Fic. 7.—Notch Sensitivity, g, Theoretical Stress Concentration Factor, K;, and Fatigue Strength 
Reduction Factor, Ka , for Wrought Steel at Various Hardness Levels. (Johnson and Lipson (2).) 
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Theoretical Stress Concentration Factor, Ky 


Fic. 8.—Effect of Increasing Stress Concentration on the Endurance Limit of Steel at a Hardness 
Level of BHN 220 or a Tensile Strength Level of 110,000 psi. In the Region From A to B the Curves 


for Cast and Wrought Material Coincide. 


phase of the investigation, notched 
fatigue curves were established for the 
same materials tested in the unnotched 
condition. The notched fatigue curves 
for both cast and wrought material (Figs. 
3 to 5) exhibited the same general shape 
of curve, that is, a continuously decreas- 
ing stress with increasing number of 
cycles to failure and with no sharp dis- 
continuities evident. The data indicated 


very little scatter in either cast or 
wrought steels. 

In comparing each steel series for a 
given heat treatment, it is evident that 
the endurance limit of the notched cast 
steel is about the same as that of the 
comparable wrought steel—in fact, the 
fatigue curves are nearly superimposed 
upon one another. The plain-carbon and 
the four low-alloy series steels heat 
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treated various ways encompassed an 
endurance ratio range of 0.28 to 0.32 for 
the cast steels and 0.27 to 0.32 for the 
wrought steels. Therefore, there is no 
advantage of one material over the other 
at either small or large numbers of cycles 
when critically shaped notches are pres- 
ent in steels tested in fatigue. 

The cast and wrought materials can 
also be compared as to their notch sensi- 
tivity, g. The notch sensitivity is a factor 
used to account for the dimensionless 
difference between the theoretical stress 
concentration factor and the actual 


TABLE IV.—TENSILE, HARDNESS, AND 
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The values of g as shown in Table III 
show that the cast steels are less notch 
sensitive (or more notch resistant) than 
the comparable wrought steels at all 
tensile strength levels. In addition, the 
notch sensitivity of both materials in- 
creases as the tensile strength level in- 
creases, that is, the higher strength steels 
are more affected by a notch than are 
the softer steels, as evident in Fig. 6. 

Although the notch dimensions were 
held constant during this investigation, 
the influence of varying notch severity 
on the endurance limit may be predicted 


FATIGUE TEST RESULTS FOR STEELS 


USED IN STUDY OF EFFECT OF SURFACE FINISH. 


Steel n Ses] xs Surface Finish 

2 Noel se 3 = 

‘as Bae] 22) 3 

Cast 8640 112 100|82 400) 37.0] 19.0} 223) Polished 50 000)0.45 
Lathe-Turned 50 
Wrought 8640 |108 500/82 700) 60.2! 24.0) 217| Polished 64 500/0.59 
Lathe-Turned 50 000/0.46 
Wa. Cast 8640* 109 000; 217} As-Cast (Risered) {35 000)0.32 
: Sa Cast 8640° 108 500) 217| As-Cast (Not 35 000/0.32 

Risered) 


* For the two heats of cast-to-shape fatigue specimens, the tensile strengths were determined 
with small 4% in. diameter test specimens; other results are based on standard 0.505 in. diam eter 


test specimens. 


Nore.—All steels normalized at 1650 F for 1 hr and tempered at 1200 F for 1 hr. 


factor obtained in fatigue tests, and is 
usually defined as: 

K,— 1 

1 


q = 
where: 
unnotched endurance limit 
Ka = “notched endurance limit 
fatigue strength reduction factor, 
and 
K, = theoretical stress concentration 
factor = 2.2 for this investigation 
(calculated from paper by Peterson 
(1)). 
If g = 0, the material is not notch sensi- 
tive. If g = 1, the full theoretical notch 
effect is attained. 


from the curves by Johnson and Lipson 
(2)* reproduced in Fig. 7. For example, 
referring to wrought 8640 steel (No. 13), 
for a theoretical stress concentration of 
2.2 and a hardness level of BHN 220 
(or tensile strength level of 110,000 psi) 
a fatigue strength reduction factor of 
1.82 is obtained (Fig. 7). The notched 
endurance limit is then readily calculated 
as 35,400 psi since the strength reduc- 
tion factor is the ratio of the unnotched 
endurance limit to the notched endurance 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper 


see p. 1010. 
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limit and the unnotched endurance limit 
is known (64,500 psi). 

The calculated values for this steel 
are shown in Fig. 8, revealing a smooth 
decrease of the endurance limit with in- 
creasing theoretical stress concentration. 
In contrast, the expected variation of 
endurance limit with increasing notch 
severity for the comparable cast steel 
(No. 12) is drawn so that a plateau 
exists at mild stress concentrations 
meeting the curve for wrought material 
at point A. The existence of the plateau 
for cast steels, that is, the very mild ex- 
ternal notches have no effect on the 
endurance limit, seems justified in view 
of the following. 

The endurance limit of a cast steel 
with a lathe-turned finish was the same 
as one with a polished finish, whereas, a 
lathe-turned finish for wrought steel re- 
duced the endurance limit to a value 
corresponding to that of the cast steel. 
(The effect of surface on the fatigue 
properties is discussed in Part II.) Thus, 
it seems reasonable to expect that the 
endurance limit of the cast and the 
wrought steel will become equal at some 
point, say, point A in Fig. 8, if a ma- 
chined surface is considered as a mild 
stress concentration. From point A to B, 
the calculated curves for both cast and 
wrought materials were drawn so that 
they coincided, because the experi- 
mentally determined endurance limit 
for a theoretical stress concentration of 
2.2 was essentially the same for com- 
parable cast and wrought steels, and 
these points fall close to the calculated 
curve. Fair agreement between the ex- 
perimentally determined points and the 
calculated points can be shown for all 
steels tested in this investigation. 


Part II.—Surrace FINISH 


Steel components subjected to fatigue 
service seldom meet the surface condi- 
tions of polished laboratory test speci- 
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mens. The fatigue properties of wrought 
steel are known to decrease substantially 
as the surfaces vary from ground, to 
lathe-turned, to hot-rolled, and to as- 
forged. Thus in comparing cast and 
wrought steels, the design engineer must 
consider the probable extent of damage 
with different surface finish for each 
material. 

The studies of Part II cover the un- 
notched fatigue properties of (a) a cast 
8640 steel with a polished, a lathe- 
turned, and an as-cast finish; and (6) a 
wrought 8640 steel with a polished and 
a lathe-turned finish. Both the cast and 
the wrought steel were normalized and 
tempered to a tensile strength level of 
110,000 psi. The specimens with an 
as-cast finish were cast-to-shape with 
and without risers in an attempt to de- 
termine any effect due to centerline 
shrinkage. 

The identification, tensile properties, 
hardness, and fatigue properties are 
given in Table IV. 


Polished and Lathe-Turned Finish (Cast 
versus Wrought): 


The fatigue data for a polished and a 
lathe-turned finished cast 8640 steel are 
plotted in Fig. 9(a@). A band has been 
drawn encompassing the test results for 
the polished finish. The results with a 
lathe-turned finish all fell within the 
lower two-thirds of this band, thus 
indicating that a lathe-turned surface 
has very little effect in lowering the 
fatigue properties. In fact, the endurance 
limit for both finishes was the same— 
50,000 psi, or an endurance ratio of 0.45 
for both finishes. 

The results for the comparable 
finishes for the wrought steel, Fig. 9(0), 
shows that the lathe-turned finish exerted 
an appreciable damaging influence on 
the fatigue life, and was more pro- 
nounced at the lower stress levels. The 
endurance limit was lowered from 
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64,500 psi for the polished finish to 
50,000 psi for the lathe-turned finish 
corresponding to a decrease in the en- 
durance ratio from 0.59 to 0.46. This 
amounts to about 28 per cent reduction 
in endurance limit. 

A comparison of the fatigue properties 
of the cast and wrought 8640 steel 
showed that for a polished finish the 
endurance limit of the cast steel was 
about 4 that of the wrought steel, and 


results with specimens made without 
risers all fall within this band, thus indi- 
cating that the degree of centerline 
shrinkage present‘ had no damaging in- 
fluence on the fatigue properties. In both 
cases, the endurance limit was 35,000 
psi or an endurance ratio of 0.32. It is not 
surprising that centerline shrinkage ap- 
peared to exert no effect on the fatigue 
properties. In bending fatigue, the stress 
in any fiber of a specimen is proportional 


Cast 8640 Steel 
65000 © Risered (T.S. = 109000 psi) No. 24 
@ Not Risered (T.S. = 108 500 psi) No. 25 
60 000 Loe 
55000 
ANY, 
| WY 
50000 KG un 
| 
3 
4 || 
45000 
| 
Yun 
35000 Le 
| No Breok 
30000 
25000 | | Lt 
10° 105 10° 10” 10° 


Number of Cycles 


Fic. 10.—Fatigue Test Results for Cast 8640 Steel With an As-Cast Finish. Specimens Cast-to- 7 
Shape with and Without Risers, Normalized and Tempered to the Same Strength Level. 


for a lathe-turned finish, the fatigue 
properties of the cast and wrought 8640 
steel are very nearly equal. 


As-Casl Finish (With and 
Centerline Shrinkage): 


Without 


_ The fatigue test results for cast-to- 
shape specimens made with and without 
risers and tested with an as-cast finish 
are shown in Fig. 10. A band has been 
drawn enclosing the test results for 
those specimens which were risered. The 


to the distance from the neutral axis; 
therefore defects near the neutral axis 
are less likely to result in early fatigue 


failure than those defects at or near the 


surface. 

When the endurance limit for polished 
and as-cast finishes are compared, it is 
noted that the as-cast finish lowered the 


endurance limit about 30 per cent. A 


4The microstructure at the center of an 
unrisered specimen indicated that the extent of 
centerline shrinkage was slight. 
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comparable finish for a wrought steel, for 
example, a hot-rolled or as-forged finish, 
is known to decrease the endurance limit 
about 40 per cent at a tensile strength 
level of 110,000 psi (2). These compari- 
sons indicate the extent of damage to be 
expected with the worst surface finish 
for cast and wrought steel, respectively. 

It should be mentioned that there are 
two other factors in addition to the 
as-cast finish which may have con- 
tributed to the decrease in fatigue 
properties: 

A. Surface Decarburization. An exam- 
ination of the microstructure at the 
surface revealed slight decarburization 
(about 0.002 in.), even though the heat 
treatment was carried out in a neutral 
salt bath. The injurious effect of a de- 


the directionality or anisotropic effect 
for wrought steel, an effect not inherent 
with cast steel. The directionality effect 
has been studied by many investigators 
with tensile and notched-bar impact 
tests. It has been found that direction- 
ality has little effect on tensile strength 
but is reflected by a loss of ductility in 
the tension test and also by a loss of 
toughness in the impact test. 

There are relatively few published 
data on the effect of directionality in 
fatigue, and until recently no serious at- 
tempt appears to have been made to 
study this effect in fatigue. Ransom and 
Mehl (3) determined the fatigue proper- 
ties of SAE 4340 steel forgings in the 
longitudinal (direction of working) and 
transverse directions. For both low- and 


TABLE V.—TENSILE, HARDNESS, AND FATIGUE TEST RESULTS FOR WROUGHT 
4140 STEEL (NO. 26) USED IN DIRECTIONALITY STUDY. 


Yield , Endurance Limit, Endurance 
Tensile Elonga- psi Ratio 
Direction of Test Strength, | 0.2 per 
psi cent Numb U 
Offset, cent|per cent)Number| yanotched| Notched Notched 
Transverse.......... 110 700 | 81 000 | 29.5 | 13.0 | 217 | 53 000 | 26 000 | 0.48 | 0.24 
Longitudinal. ....... 110 100 | 80 400 | 60.7 | 24.5 217 61 000 | 28 000 | 0.55 | 0.25 


carburized skin on the fatigue strength is 
well known; however, it is not possible to 
determine the contribution of this effect 
in the presence of the detrimental in- 
fluence of the surface irregularities as- 
sociated with the as-cast finish. 

B. Inertia Stresses. The specimens 
were cast slightly out-of-round, which, in 
conjunction with the slight eccentricity 
resulting from machining, may have set 
up sufficiently high inertia stresses so as 
to lead to premature failure. 

In view of these considerations, it is 
not clear to what extent the as-cast 
finish, in itself, decreased the fatigue 
properties. 


Part III.—DIRECTIONALITY 


Another factor to be considered in the 
design of steel parts for fatigue service is 


high-quality steel (quality measured by 
transverse reduction of area) the tensile 
strength level of 125,000 psi was the 
same in both directions. Anisotropy was 
found to be very marked and was greater 
for poorer quality steel. For high quality 
steel the average transverse endurance 
limit was about 84 per cent of the aver- 
age longitudinal endurance limit, but for 
low-quality steel it was only 68 per cent 
of the longitudinal value. 

The study of directionality carried out 
in this investigation covered the longi- 
tudinal and transverse fatigue proper- 
ties, notched and unnotched, of speci- 
mens from the center of a 4-in. hot-rolled 
round of E-4140 steel. The steel was 
normalized and tempered to a strength 
level of 110,000 psi, which was com- 
parable to the cast 4135 steel (No. 8). 
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The tension and fatigue test results 
are summarized in Table V and the S-V 


curves are shown in Fig. 11. = 


Unnotched Fatigue Tests: 


The unnotched fatigue curves for both 
the longitudinal and transverse direc- 
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which was 87 per cent of the longitudinal 

endurance limit (61,000 psi). a’ 
This large directionality effect cannot 

be correlated with tensile or yield ; 

strength because these properties were ; 


= 


independent of direction, that is, the 
tensile as well as the yield strength was | 


tched Notched 
70000 
» 
65000 
60000 
Dy 
§5000 
% 50000 
i N \ 
a 
45000 
IN 
40000 No Failure 
35000 
| 
30000 
> 
_—> 
20000 | | 
20000 | 7 
104 10° 10® 10 
Cycles to Failure 
‘ Fic. 11.—S-N Curves for a Wrought 4140 Steel (Notched and Unnotched) in the Longitudinal ] 


: and Transverse Direction: Normalized and Tempered. 


- tions showed little scatter in the test 
1 data. Both curves exhibited a sharp knee 
S at about 2 million cycles; however, the 
n longitudinal direction had a flatter type 
- S-N curve. The anisotropic effect of the 
wrought steel was indicated by the lower 
transverse endurance limit (53,000 psi), 


the same in the longitudinal and trans- 
verse directions. However, the tensile 
ductility (reduction of area and elonga- 
tion) was dependent upon direction. 

In this investigation the ductility in 
the transverse direction was only one- 
half that in the longitudinal direction. 
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Presumably, then, the directionality 
effect in the tensile ductility is reflected 
in the unnotched fatigue properties. 
However, an exact correlation is hardly 
possible without a detailed study of such 
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steel, yet the transverse endurance limit 
was 87 per cent of the longitudinal en- 
durance limit which, according to 
Ransom and Mehl, is about the same 
value obtained for a high-quality steel. 


Scrap 


Scrap 


Fatigue Tensile 


Impact 


Fic. 12.—Method of Obtaining Test Specimens from Cast Coupon. (Location Shown Is j in’ 


from Surface of 3 in. Section.) 


factors as melting practice and reduction 
ratio in working and how they affect 
amount, size, shape, and distribution of 
inclusions. For example, in this study the 
low transverse reduction of area in the 
tension test indicates a poor quality 


It is interesting to note that the longi- 
tudinal fatigue properties of specimens 
from the 3-in. round wrought 4140 steel 
(see Table II, Steel No. 9) were about 
the same as the longitudinal properties 
of specimens from the center of the 
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4-in. round. Although two different heats 
of steel are under consideration, it would 
appear that the size of the wrought sec- 
tion from which samples are taken has 
little effect on the unnotched fatigue 
properties, within the limits studied here 

A comparison of the results of this 
study with those previously obtained for 
a cast 4137 steel at the same strength 
level (No. 8) reveals that the endurance 
ratio for the cast steel (0.45) is lower 


Scrap 


the relative merits of cast and wrought 
steels. 


Notched Fatigue Tests: 


The longitudinal and transverse 
notched fatigue curves exhibit the same 
general shape, that is, a continuously 
increasing number of cycles to failure 
with decreasing stress and with no sharp 
discontinuities evident. The data indi- 
cate very little scatter for both directions. 


Scrap 
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Location\ Surface, in. 
A Yo 
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Fic. 13.—Method of Obtaining Test Specimens from Various Locations in the Longitudinal and 
Transverse Directions of a 63 in. Square Section of a C1030 Bloom. 


than the endurance ratio of the wrought 
steel in the longitudinal direction (0.55), 
but about the same as the wrought steel 
in the transverse direction (0.48). But, as 
Ransom and Mehl have reported, the 
transverse endurance ratio for wrought 
steel can be as low as 0.37 for poor- 
quality steel. In any case, these compari- 
sons serve to point out that the direc- 
tionality effect in unnotched fatigue is 
very real and can be most severe. More- 
over, it should be considered when rating 


The notched endurance ratio in the 
transverse direction (0.24) was slightly 
lower than the notched endurance ratio 
in the longitudinal direction (0.25), the 
difference in ratio corresponding to a 
slight advantage of 2000 psi in notched 
endurance limit for the longitudinal 
direction. Thus, the directionality effect 
is not readily apparent with externally 
notched specimens of wrought steel. 

The notched endurance ratio of cast 
4137 stee! (0.30) and wrought ?-in. 4140 


J 


t ee 
- 
i, 
ee 
- 
es 
= 
ns 
eel | 
ut 
he 
wee 
| 
= 
| 
? 


996 


steel (0.28) showed superior notched 
properties over the 4-in. wrought 4140 
steel considered in either direction. The 
lower notched properties for specimens 
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effect has at least two components. The 
first is the geometrical phenomenon re- 
sulting from the mechanics of testing 
and is dependent upon increases in strain 


TABLE VI.—SECTION SIZE EFFECT DATA ON TENSILE, HARDNESS, AND IMPACT 
PROPERTIES OF CAST 1030 STEEL NO. 27 NORMALIZED FROM 1600 F AND TEMPERED 


AT 1200 F. 
sas Distan Tensile Yield | Reduction | El ti Brinell Impact 
etter Surface, in. psi psi per cent per cent Number ft- 
144-1n. SEcTION S1zE 
eee 54 81 600 44 800 48.5 29.5 156 20 
re He 82 200 45 900 52.8 30 163 19.5 
3-In. SecTIon 
rey lK%6 78 400 40 800 45.3 29 156 12.5 
Rr 3%4 78 500 40 800 47.0 29.5 159 11.5 
See oe 3 79 500 42 000 49.6 30 156 14 
6-In. SEcTION S1zE 
24 76 400 | 38600 | 44.3 28.5 | 13 
_ reer: 2 77 100 39 100 42.7 29 149 15 
RE 1K. 77 300 39 300 41.0 29 153 15 
re K% 79 300 40 200 45.3 29.5 153 14 
Ke 79 500 40 500 47.2 30 156 | 14.6 


* Lower yield point by drop-of-beam. 


> Charpy V-notch at room-temperature (74 F). 


from the 4-in. section of wrought steel 
may be an indication that the size of a 
wrought section from which specimens 
are taken has some effect on the notched 
properties. As noted above, this mass 
effect was not apparent with unnotched 
specimens. 


Part IV.—SEcTION S1zE EFFECT 


A rating of the relative merits of cast 
and wrought steels in fatigue also re- 
quires that some consideration be given 
to the possible section size effect, since 
it is now recognized that the size of a 
component may influence its perform- 
ance characteristics. 

Whenever a large section shows poorer 
performance than a smaller prototype, 
the loss in properties is attributed to the 
so-called ‘“‘section size effect.” This 


TABLE VII.—TENSILE PROPERTIES 
AT VARIOUS LOCATIONS IN THE LONGI- 
TUDINAL AND TRANSVERSE DIREC- 
TIONS OF A 64-IN. SQUARE SECTION OF 
WROUGHT C1030 STEEL (NO. 28) NOR- 
MALIZED FROM 1600 F AND TEMPERED 
AT 1200 F. 


pis | 4 | Bri- 

Loca- | tance S | vieia | Reduc- |Elonga-| nell 

tion | from % | Point? tion of | tion in | Hard- 

Code | Sur- | 2§ | - Area, | 2in., | ness 

Letter | face,; @5 | |percentiper cent) Num- 

in. | | | ber 
LONGITUDINAL 

|74 100/43 64.3 | 35.5 | 146 

B....| 14% |75 200/42 600] 62.3 | 34 149 

C. 21% |74 600/42 300} 56.3 | 33 143 
TRANSVERSE 

A....| 4% |77 800/45 700) 35.7 | 26.5 | 146 

B....| 14% !79 800/45 200} 36.2 | 24.5 | 149 

C....| 2% |74 900/43 400) 24.2 | 16 143 


* Lower yield point by drop-of-beam. 
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TABLE VIII.—SECTION SIZE EFFECT DATA ON THE TENSILE, HARDNESS, AND 
IMPACT PROPERTIES OF CAST 8635 STEEL (NO. 29) NORMALIZED FROM 1600 F © 
AND TE MPERED AT 1200 F. 


| 
- Dista | Tensile | Yield Stress,| Red | 1 Brinell I t 
” Surface, in. | psi offset, psi | oer cent | percent Number 
-IN. 
| 113 800 | 86700 36.1 
| 115 700 | 89400 | 35.9 
3-In. SEcTION S1zE 
115 600 | 86 700 25.9 
es ee 34 117 700 86 700 29.7 
36 119 200 | 91 300 32.4 
6-1n. SecTion 
ee 26 105 900 | 65 400 18.5 
are 2 108 200 66 800 21.5 
110 100 | 70 400 21.6 
K 114 300 | 75 400 21.9 
Ke 115 000 81 000 24.4 


TABLE IX.—SECTION SIZE EFFECT DATA ON THE TENSILE, HARDNESS, AND 
IMPACT PROPERTIES OF CAST 8635STEEL (NO. 30) NORMALIZED FROM 1600 F, WATER 
QUENCHED FROM 1500 F, AND TEMPERED AT 1100 F. 


was Dist Tensil | Yield St Reducti El t’ B ll Impact 
Position Code | “from. | Strength, | 0.2percent | of Area, | in2in, | Hardness | Energy, 
eseuad Surface, in. psi | offset, psi per cent per cent Number ft-lb 
144-1n. Section Size 
54 143 800 | 126 500 30.7 | 14.5 302 31 
sein Wickes He 147 400 | 131 900 33.7 | 15 311 29.5 
3-IN. SECTION S1zE 
141 500 | 121 500 | 28.6 14 293 30.5 
a eee ee 4 145 000 127 500 29.2 14.5 302 28 
A ee 3x 147 200 132 400 35.9 15 311 29 
6-In. Section 
_ re 24% 115 900 85 900 15.8 10.5 248 10.5 
eee 2 | 117 400 87 200 17.4 11.5 248 10.5 
SEER 1K. 121 400 92100 | 17.6 12 262 11 
, eee y/ 126 600 100 300 24.0 13 269 10 
| ee rere 6 137 100 119 000 27.8 13.5 293 18 to 33 


* Charpy V-notch at room-temperature (74 F). 
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gradients brought about by increases in 
the dimensions of the test specimens. 
The second—the mass or metallurgical 
phenomenon—arises from imperfections 
in the material and is dependent upon 
factors which present opportunities for 
possible stress concentration below the 
surface, such as inclusion content, com- 
positional segregation, soundness, etc. 

While both of the above phenomena 
would act together in producing a given 
size effect, a critical evaluation of the 
resultant behavior requires a separation 
of the two components. 

An evaluation of the integrated size 
effect was not attempted because of 
equipment limitations; however, the 
mass component of the size effect for 
cast and wrought steels was studied by 
determining the distribution of proper- 
ties throughout various section sizes 
using R. R. Moore test specimens of 
constant size. 

Two different cast steels were investi- 
gated: a 1030 normalized-and-tem- 
pered and an 8635 normalized-and- 
tempered and quenched-and-tempered. 
The cast steels were heat treated at the 
foundry and supplied in three different 
section sizes, namely, 1}-in., 3-in., and 
6-in. 

The study of wrought steel was 
limited to a 6}-in. square hot-rolled 
bloom (2-ft-long section) of C1030 steel 
which was normalized and tempered in 
the laboratory. Specimens were taken 
from the longitudinal and transverse 
directions of the wrought steel to deter- 
mine the effect of directionality. The 
method of obtaining specimens from 
various locations of the original sections 
is shown in Figs. 12 and 13 for cast steel 
and wrought steel, respectively. 

In addition to the experimental work, 
a literature survey was made to deter- 
mine the extent of section size effect in 


fatigue. 


Tensile Properties: 


The tension test results, Tables VI to 
IX, have been plotted for the various 
locations of each steel as shown in Figs. 
14 to 17 to obtain the distribution of 
properties for each section size. 

The tensile strength, yield point, and 
elongation curves in Fig. 14 for the nor- 
malized-and-tempered cast 1030 steel 
show a practically flat distribution for 
all sizes and slightly lower properties 
with increasing section size. However, 
the reduction of area distribution points 
out that, for each section, this property 
decreases as the center of the section is 
approached. Also, the over-all level of 
the distribution is lowered as the section 
size is increased. The per cent reduction 
of area, then, is more sensitive in de- 
picting ductility variations than is the 
elongation criterion. 

The distribution of the tensile proper- 
ties for the 6}-in. section of wrought 
1030 steel is plotted for the longitudinal 
and transverse directions in Fig. 15 
along with results obtained for the 6-in. 
section of cast 1030 steel. The tensile and 
yield strength distribution curves for the 
wrought steel (in both the longitudinal 
and transverse directions) and the cast 
steel were all relatively flat and essen- 
tially the same. The tensile ductility 
(reduction of area and elongation) curves 
indicate that the cast steel properties 
are intermediate to the tensile ductility 
value of the wrought steel in the longi- 
tudina! and transverse directions. 

In Fig. 16 the distribution of tensile 
properties for the normalized-and-tem- 
pered cast 8635 steel reveal practically 
flat curves for the 1}-in. size. The over-all 
distribution level of each property de- 
creases with increasing size and each 
property decreases from the surface to 
the center of a section. Again, the reduc- 
tion of area values more clearly show 
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ductility variations with section size 
than do the elongation values. 

The curves in Fig. 17 for the quenched- 
and-tempered cast 8635 steel show the 
characteristic U-shaped distributions as 
the section size increases (for all tensile 
properties, except per cent elongation). 
The 1}-in. and 3-in. sizes were essentially 
through-hardened, as evidenced by the 
high yield-tensile ratio. The 6-in. size 
hardened to a depth of about 3-in. as 
noted from the fracture appearance of 
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that this property will parallel the 
tensile strength. 
Impact Properties: 7 
The room temperature impact proper- 
ties for the various cast steels have been 
plotted for the various locations as 
shown in Fig. 18 to obtain the distribu- 
tion for each section size. The data for 
these plots are found in Tables VII, 
VIII, and IX. The distribution curves 
for both the normalized-and-tempered 


TABLE X.—SECTION SIZE EFFECT DATA ON THE FATIGUE PROPERTIES OF 
CAST STEELS. 


1030 Steel (No. 27) 


| 3635 Steel (No. 29) 8635 Steel (No. 30) 


Position Code Distance Normalized and Tempered | Normalized and Tempered | Quenched and Tempered 
Letter Surface, ia 
*»** + Endurance | Endurance | Endurance | Endurance | Endurance | Endurance 
| Limit, psi Ratio Limit, psi tio Limit, psi Ratio 
14-1n. Section Size 
atk ake eens 5% 37 500 0.46 44 000 0.39 54 000 0.37 
vasewndempen Ke 40 000 0.49 49 000 0.42 56 000 0.38 
3-1n. Section Size 
a ee 1K¢5 39 000 0.50 43 500 0.38 50 000 0.35 
ketene wee 3% 38 500 0.49 47 000 0.40 54 500 0.38 
34 39 400 0.50 49 000 0.41 56 000 0.38 
6-In. SecTion S1ze 
(Poe 2% 36 000 0.47 38 000 0.36 39 500 0.34 
See 2 37 000 0.48 36 500 0.34 40 000 0.34 
38 000 0.49 38 000 0.35 42 000 0.35 
K% 37 500 0.47 41 000 0.36 48 000 0.38 
: re He 37 500 0.47 40 500 0.35 51 500 0.38 


the test specimens at a position 7 in. 
from the edge. The individual test re- 
sults at this position showed a difference 
of about 9000 psi in tensile strength, 
which, along with a significant difference 
in the yield-tensile ratio, indicated that 
the depth of the essentially hardened 
zone was located close to a position 7% in. 
from the edge. Again, the reduction of 
area is much more sensitive in revealing 
changes in ductility than is the elonga- 
tion. 

Although the hardness distributions 
have not been plotted, the results show 


1030 and 8635 steels reveal that the 1}- 
in. section has properties somewhat 
superior to those of the 3-in. and 6-in 
section sizes. No difference is apparent 
between the 3- and 6-in. sections. It 
should also be noted that for any given 
section size of either of these two steels 
the energy absorbed is relatively inde- 
pendent of the position throughout the 
section. In addition, the fracture appear- 
ance of the specimens from all positions 
of these two steels indicated that the 
temperature of testing was within the 
transition temperature range. Both 
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steels evidenced a 20 to 30 per cent 
fibrous fracture throughout the 1}-in. 
section and a 10 to 15 per cent fibrous 
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The relatively low value of energy ab- 
sorbed (18 ft-lb) was associated with 
about a 30 per cent fibrous fracture, 


( 


* fracture throughout the 3-in. and 6-in. while the high value (33 ft-lb) evidenced 2 : 
xa sections. a more ductile fracture. This difference J é 
“ The high impact properties obtained indicates that appreciable amounts of 
Bt throughout the 1}-in. and 3-in. sections high-temperature transformation prod- 
- 
~ for the quenched-and-tempered 8635 ucts are present near position J, that is, 
1 cast steel are characteristic of a marten- the depth of the essentially martensitic 
eS 0.60 
ed Om———= 15 Section 1030 Steel 
3" Section Normalized & Tempered 
4—- 6"Section 
=|= 045}— 
| 
040 
ce 21” 050 8635 Steel ‘ 
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= 4 4 A 
2 0.30 | | 
050 8635 Steel. 
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c 
& 
0.30 ° | 
4 
3" 
6" 
Section Size 
4 
at Fic. 20.—Distribution of Endurance Ratio for Various Section Sizes of Cast Steels. 
in — 
~“ sitic structure. The fracture appearance structure extends to about this point as 
It of the specimens from all positions of previously noted with the tension tests. 
these two sizes showed that the speci- : 
en 
els mens were tested at a temperature some- Unnotched Fatigue Properties: 7 een 
i. where along the upper branch of the The fatigue results for the cast steels — 
rah transition curve. Low impact properties in Table X show, for a given steel and 
sin, were obtained at all positions with the section size, a trend to lower properties 
ma 6-in. section throughout the section with in passing from the surface to the center 
le about a 5 to 10 per cent fibrous fracture, of the section. The variation with steel 
ae except at the position 7 in. from the and section size can more readily be 
th surface. The two tests at this location seen in the distributions of endurance 
showed a wide variation in properties. limit, shown in Fig. 19. These distribu- 
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Fic. 21.—Range of Endurance Ratios of of Small Specimens Obtain 


1ed from Various Section Sizes 
of Cast Steels. 
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Fic. 22.—Range of Endurance Ratios of Small Specimens Obtained from Various Section Sizes 
of Cast and Wrought Steel. 
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TABLE XI.—FATIGUE PROPERTIES 
AT VARIOUS LOCATIONS IN THE LONGI- 
TUDINAL AND TRANSVERSE DIREC- 
TIONS OF A 614-IN. SQUARE SECTION OF 
WROUGHT C1030 STEEL (NO. 28) NOR- 
MALIZED FROM 1600 F AND TEMPERED 
AT 1200 F. 

| Dis- } 
Endurance 


constant for a given steel and inde- 
pendent of the position in a section. 
However, a consideration of Table X 
and the distribution of ratios in Fig. 20 
reveal that the ratio is somewhat de- 
pendent upon the position in a particular 
section. In general, the ratio tends to 


tance | Tensile Endu- 
—— | surface, | Strength, | Limit, | rance decrease slightly in passing from the 
| * surface to the center of section. Re- 
plotting the endurance ratio data, Fig. 
LoncITuDINAaL _ 21, shows graphically the range of values 
214 | 74 600/38 000|0.51 be expected as a function of the sec- 
1144 | 75 200 | 38 500 | 0.51 __‘ tion size. The indications are that for a 
M....-++-+. % | 74 100 | 39 500 | 0.53 given steel the lowest and highest values 
i for a given section encompass a range 
TRANSVERSE 
_ which amounts to about a 10 per cent 
244 | 75 300 | 32 500| 0.43 difference in endurance ratio. It should 
tempered 8635 steel both the maximum 
50000 
Endurance Limit 
45000 + 
a 5 
40 000 Wrought C/030 (Longitudinal) 
= 35000 Cast 1/030 
30000 Wrought C1030 (Transverse) 
25000 
Endurance Ratio 
(Longitudinal) 
<= 
| Cast 1030 J 
3 Wrought C1030 (Transverse) 
035 - 
6% 


F 1G. 23.—Distribution of Endurance Limit and Endurance Ratio in the Longitudinal] and Trans- 
verse Directions of a 63 in. Section of Wrought C1030 Steel. Normalized from 1600 F and tempered 
at 1200 F. (Dotted curves are for a 6-in. section of cast 1030 steel with the same heat treatment.) 


tions show that for a given steel the en- 
durance limit varies in the same manner 
as the tensile strength. 

If the endurance limit were dependent 
solely upon tensile strength, the en- 
durance ratio (endurance limit divided 
by the tensile strength) would be a 


and minimum values appear to decrease 
slightly with increasing section size. This 
is not readily apparent with either the 
normalized-and-tempered 1030 steel or 
the quenched-and-tempered 8635 steel. 
As a generalization, the minimum and 
the maximum endurance ratios are to be 
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found at the center of the 6-in. section 
and the surface of the 1}-in. section, re- 
spectively. This range of minimum to 
maximum ratios is 0.46 to 0.50 for the 
1030 steel; 0.34 to 0.42 for the nor- 
malized and tempered 8635 steel; and 
0.34 to 0.38 for the quenched-and- 
tempered 8635 steel. 

Among the factors that may have 
contributed to the slight decrease in 
endurance ratio with increasing section 
size, the following may be mentioned: 
(1) increase in grain size, (2) increase in 
size of inclusions, and (3) microstructural 
changes and microstructural inhomoge- 
neity.® It is difficult to isolate any one 
as the major contributor because of the 
small changes in endurance ratio in- 
volved. 

The slight reduction in endurance ratio 
found in passing from the surface to the 
center of a given section would probably 
be of negligible influence on the perform- 
ance of the whole section in bending 
fatigue. The outer fibers generally receive 
the maximum stress in service, and in 
view of the fact that the applied stress 
below the surface drops off rapidly it 
would appear that the properties at the 
edge of the section largely dictate the 
over-all performance.® A consideration of 

5 A study with wrought 4140 steel (4) on the 
effects on non-martensitic products of trans- 
formation on the properties of tempered 
martensite revealed that a structure containing, 
(a) 5 per cent peralite and 8 per cent ferrite, or 
(b) 50 per cent bainite lowered the endurance 
ratio about 15 per cent. The latter structure 
would be approximated by position I in the 
quenched-and-tempered 8635 steel; however, 
the endurance ratio obtained at this position 
(0.38) was the same as that for a completely 
martensitic structure. 

6A possible exception to this generalization 
would be the example of a section with high 
strength properties at the surface which drop 
off very rapidly immediately below the surface 
(for example, a shallowed hardened or case 
hardened section). Although the endurance ratio 
may be the same at the surface and at the 
junction of the core, the endurance limit at the 
surface would be much higher due to the higher 


tensile strength. Then, even though the applied 
stress gradient is steep in this region, the 


the properties near the surface (top 
boundary line of the range shown in 
Fig. 21) indicates that only the en- 
durance ratio of the normalized-and- 
tempered 8635 steel is somewhat de- 
pendent on the section size. 

The endurance ratio data for the 
wrought steel have also been replotted, 
Fig. 22, to show graphically the range of 
values to be expected as a function of 
the section size. The results with the 
cast 1030 steel are also shown. Although 
data are available only for the distribu- 
tion of endurance ratio throughout a 
6}-in. section of wrought 1030 steel, the 
same range of values for the longitudinal 
direction (0.51 to 0.53) and the trans- 
verse direction (0.43 to 0.44) has been 
extended to include smaller section sizes. 
This extrapolation seems reasonable be- 
cause the range of values for this heat 
and size is as high as any wrought steel 
of this particular grade reported in the 
literature for smaller sections, at least in 
the longitudinal direction. Along these 
same lines, it should be noted that the 
range of values shown in Fig. 22 pertain 
to a single heat of steel. The results of 
preliminary investigation indicated that 
the endurance ratio for commercial 
grades of wrought steel in the 0.30 to 
0.40 per cent carbon range obtained from 
small sections in the longitudinal direc- 
tion can be as low as 0.44 and as high as 
0.53. 

The summary fatigue test results for 
the wrought steel are shown in Table XI 
and indicate that at every location under 
test the longitudinal properties are su- 
perior to those in the transverse direc- 
tion. This superiority which amounts to 


endurance limit gradient may be even steeper, 
and a region may exist (below the surface) 
where the applied stress would be greater than 
the endurance limit, resulting in sub-surface 
failure. Although not conclusive, this reasoning 
may apply to the improvement of the fatigue 
properties of large, surface-hardened wrought 
steel bars brought about by increasing the depth 
of the hardened case (5). 
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about 20 per cent can be seen in the 
distributions of endurance limit and 
endurance ratio in Fig. 23. These data 
also show that for a given direction for 
the wrought steel the fatigue properties 
tend to be slightly lowered in passing 
from the surface to the center of the 
section. 

The distribution of fatigue properties 
previously obtained with a 6-in. section 
of cast 1030 steel is shown in Fig. 23 to 
be intermediate to the longitudinal and 
transverse distributions for the wrought 
C1030 steel. This comparison suggests 
that the fatigue properties must be some- 
what dependent upon the ductility be- 
cause, although the strength properties 
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on the integrated section size effect which 
is also reviewed. The data in the litera- 
ture refer only to wrought steel. i 


Mass Component: 


Von Rossing (6) determined the longi- 
tudinal and transverse fatigue properties 
of unnotched specimens from the surface 
and the center of two low-alloy steel 
forgings. The results are summarized in 
Table XII. These data show that the 
longitudinal fatigue properties are 10 to 
15 per cent lower for specimens from the 
center than those machined from mate- 
rial near the surface. For the transverse 
direction, the surface and center proper- 
ties are about the same. In addition, the 


TABLE XII.—LONGITUDINAL AND TRANSVERSE FATIGUE PROPERTIES OF TWO 
LOW-ALLOY STEEL FORGINGS (VON ROSSING). 


Composition, per cent Longitudinal Transverse 
Materia ta. Tensile | 
Tensile Strength, psi £2 
a 
Cr-Mo steel......... 4 by 7 | Surface...... 112 100 |0.59)112 100/0.54 
109 600 |0.53/109 600/0.53 
Ni-Cr-Mo steel. ..... 15 by 15 | Surface. . 1lu 90 |0.47/109 900/0.33 
Center...... 10; |0.39)108 400/0.32 


are essentially the same (Fig. 15), a 
pronounced difference is evident in the 
reduction of area values. In fact, the 
fatigue properties are rated in the same 
order as the tensile ductility. 


Other Investigations: 


As previously pointed out, the section 
size effect in fatigue consists of at least 
two components—the mass effect and 
the geometric effect. The present investi- 
gation has contributed experimental data 
on the former, and the results may be 
compared with those reported previously 
by other investigators. While the geo- 
metric component has received no at- 
tention per se, a limited amount of 
fatigue data is available in the literature 


directionality effect for the small forging 
was about 10 per cent, whereas this 
effect for the larger forging was of the 
order of 25 per cent. 

Of special interest is the fact that the 
level of the endurance ratio of the 
smaller forging was as high as obtained 
in the present investigation with speci- 
mens from small wrought sections. 

Integrated Section Size Effect-—Many 
investigators have studied the integrated 
section size effect for the longitudinal 
direction of wrought steel, that is, the 
effect of test specimen diameter of the 
fatigue properties, without separating 
the mass and geometric components of 
this effect. 

Moore and Morkovin (8) and Moore 
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(9) indicated that the size effect for un- 
notched 1020, 1035, 2345, and X4130 
steels disappears at a relatively small 
absolute dimension; the endurance limit 
decreases about 10 to 15 per cent as the 
section increases from in. to 4 in., then 
remains relatively constant for larger 
sections up to 2 in. These same steels 
with a notch also showed a size effect. 
Dolan and Handley (10) and Horger and 
Maulbetsch (11) also found that the un- 
notched fatigue properties for small 
specimens were 10 to 15 per cent higher 
than for large specimens when testing in 
the size range from § to 13 in. 

Two other investigations would indi- 
cate that the size effect is still greater 
with larger specimens. Buchman (12) 
investigated a mild steel and found about 
a 40 per cent reduction in properties 
when the diameter was increased from 
0.60 in. to 4 in. Horger and Neifert (13) 
found that 6-in. diameter specimens had 
a minimum endurance limit 35 per cent 
lower than that for 0.3-in. diameter 
specimens from as-forged and also from 
normalized stock of plain-carbon steels 
in the 0.40 to 0.50 per cent carbon range. 
However, as pointed out, “This 35 per 
cent reduction cannot be attributed to 
section size per se. Several additional 
factors such as structural variations, 
carbon content, microstructure, and 
surface conditions also influence this 
reduction in endurance limit.” It should 
also be mentioned that the authors were 
testing steels whose tensile strength 
varied as much as 20,000 psi. This 
variance in tensile strength could of 
course be reflected in the fatigue proper- 
ties. In addition, different types of speci- 
mens were used (R. R. Moore and 
cantilever beam) whose dimensions were 
not strictly proportional. 

This review serves to emphasize that 
the available information on the inte- 
grated section size effect is meager and 
inconclusive. It also points out that the 
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commonly applied allowance of 20 per 


cent for the section size effect in fatigue 
for wrought steel may be in serious error 
for large sections. 


SUMMARY 


The relative fatigue properties of com- 
parable cast and wrought steels in the 
0.30 to 0.40 per cent carbon range were 
determined, employing R. R. Moore 
test specimens. The work was presented 
in four parts: 


Part I—Effect of Sieel Composition and 
Heat Treatment: 


A plain-carbon series steel was tested 
in the annealed and in the normalized- 
and-tempered condition; four low-alloy 
series steels were tested in the normal- 
ized-and-tempered and in the quenched- 
and-tempered condition. 

The unnotched endurance limit of any 
one of the cast steels was about ¢ the 
endurance limit of the corresponding 
wrought steel. For the plain-carbon series 
steel the endurance ratio was 0.40 for the 
cast steel and 0.48 for the wrought steel. 
For the four low-alloy series steels the 
endurance ratio was found to be 0.42 to 
0.50 for the cast steels as compared to 
the 0.55 to 0.60 range for the wrought 
steels. 

With the introduction of a notch, the 
endurance limit for both cast and 
wrought material was significantly af- 
fected, with the cast steel exhibiting a 
greater notch resistance. The notched 
endurance limit for the cast and the 
wrought steel for any given series and 
heat treatment was about the same, 
being 0.27 to 0.32 times their respective 
tensile strengths. 


Part II—Effect of Surface Finish: 

Cast 8640 and wrought 8640 steels 
were tested in the normalized-and-tem- 
pered condition. For a polished finish, 
the endurance ratio for the cast steel 
(0.45) was about # that of the wrought 
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steel (0.59); with a lathe-turned finish 
the endurance ratio for the cast steel was 
unaffected whereas the ratio for the 
wrought steel suffered a pronounced de- 
crease to 0.46. Cast-to-shape fatigue 
specimens tested with an as-cast finish 
effected a considerable decrease in the 
fatigue properties, the endurance ratio 
being lowered to 0.32. This ratio was the 
same for specimens made with and with- 
out risers, thus indicating no effect of 
centerline shrinkage. 

Part III—Directionality: 


With unnotched specimens, the dele- 
terious effect of directionality for a 4-in. 
round of wrought 4140 steel was shown 
by a 13 per cent decrease in the en- 
durance ratio from 0.55 for the longi- 
tudinal direction to 0.48 for the trans- 
verse direction. Data in the literature 
indicate that this reduction can be as 
high as 30 per cent for dirty steels. With 
the introduction of a notch, the en- 
durance limit in both directions was 
significantly affected. The notched en- 
durance ratio was 0.25 for the longi- 
tudinal direction as compared with 0.24 
for the transverse direction. 


Part IV—Section Size Effect: 


Small unnotched specimens of con- 
stant size were taken from various 
locations in 14-in., 3-in., and 6-in. square 
sections of each of the following cast 
steels: (a) normalized-and-tempered 
1030, (6) normalized-and-tempered 8635, 
and (c) quenched-and-tempered 8635. 
The fatigue data were supplemented by 
regular tensile and Charpy V-notch im- 
pact tests at room-temperature. 

The distribution curves revealed that 
for a given steel the endurance limit 
varied in the same manner as the tensile 
strength. However, the endurance limit 
was not dependent solely on the tensile 
strength. For each of the three steels, the 
endurance ratio was slightly lowered in 
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passing from the surface to the center of 
a given section. In addition, the en- 
durance ratio values for the normalized- 
and-tempered 8635 steel decreased 
slightly as the section size increased; 
the other two steels were relatively in- 
sensitive to increasing section size. In 
general, the lowest ratio was obtained at 
the center of the 6-in. section and the 
highest ratio at the surface of the 1}-in. 
section. This range of minimum to 
maximum endurance ratio was 0.46 to 
0.50 for the 1030 steel; 0.34 to 0.42 for 
the normalized-and-tempered 8635 steel; 
and 0.34 to 0.38 for the quenched-and- 
tempered 8635 steel. 

A limited study of the section size 
effect for wrought steel was carried out 
with a 61-in. square hot-rolled bloom of 
C1030 steel. Little change in the fatigue 
properties was experienced in passing 
from the surface to the center of the 
section for a given direction; however, 
anisotropy was marked. The range of 
endurance ratios was 0.51 to 0.53 for the 
longitudinal direction and 0.43 to 0.44 
for the transverse direction. The distribu- 
tion of the endurance ratio of the com- 
parable cast 1030 steel was intermediate 
to the longitudinal and _ transverse 
distributions. 

A review of the literature on the sec- 
tion size effect in fatigue for wrought 
steel suggested the following: 

1. The mass component of this effect 
had an appreciable damaging influence 
only in the range of very large sections. 

2. The combined mass and geometric 
components of the size effect may be as 
high as 40 per cent for large sections. 
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"DISCUSSION 


Mr. Evan H. Scuuette.'—We are 
often misled by an undue emphasis on 
“notch sensitivity” when a more proper 
comparison might be the degree by which 
the “un-notched” strength exceeds the 
“notched” strength. If only “‘notch sensi- 
tivities’ are compared in the present 
paper, the conclusion is that the wrought 
metal is inferior to the cast. Actually, 
a guess could be hazarded that the two 
materials are equally sensitive to notches 
(they show equal strength when 
notched), but that the cast material is 
influenced by some kind of stress raiser 
in its virgin state, so that its “un- 
notched” strength does not reach that of 
the wrought metal. 

A similar phenomenon is usually ob- 
served when comparing longitudinal and 
transverse fatigue strengths of extruded 


1 Dow Chemical Co., Midland, Mich. 
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metals. Plain bars will show the longi- 
tudinal direction to give the higher fa- 
tigue strength. When notched, however, 
the two directions are indistinguishable. 
It is hypothesized that such internal 
stress raisers as are present are greatly 
attenuated in the process of extrusion, 
so that their effect in the longitudinal 
direction is virtually eliminated. In the 
transverse direction, however, they con- 
tinue to act as notches. There is pre- 7 q 


sumably no difference in the real sensi- 
tivity to notches in the two directions. 
Mr. L. J. EBert (author) —The sub- 
ject under discussion is one which is 
open to controversy, certainly. The in- 
terpretation put upon the data is perhaps y 
valid. This has been discussed in some | 
detail in our own laboratory but we have ) 
not given the matter sufficient considera- — 
tion to state a positive position. 
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The literature on fatigue contains 
many references to the nebulous size 
and shape factors. Laboratory data 
have demonstrated that both the shape 
and size- of a specimen, particularly 
under nonuniform stress, may signifi- 
cantly affect its fatigue strength. The 
purpose of this paper is to study the 
possible relationships of stress redistri- 
bution during fatigue loading to the 
shape effects, and to examine the influ- 
ence of type of test on fatigue strength. 

An indication that the stress distribu- 
tion may change during fatigue tests 
has been observed in recent years by 
several investigators. In rotating can- 
tilever tests on mild steel (1, 2)? the ratio 
of cyclic stress to cyclic strain (the cyclic 
secant modulus) was observed to change 
under sustained fatigue stress. For some 
materials the cyclic modulus*® decreases 
during the fatigue test (2), whereas for 
others, it was observed to increase (3, 4). 
Duce (5) observed this same behavior in 
a number of different materials under 
torsional fatigue stress. In fact he noted 
that under certain conditions some mate- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1Dept. of Mechanics and Materials, Uni- 
versity of Minnesota, Minneapolis, Minn. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1033. 

3The term “dynamic modulus of elasticity” 
used in previous work ((l, 2, 3, 4) will hence- 
forth be referred to as the ‘‘cyclic secant modu- 
lus.” It is defined, specifically, as the ratio of 
the maximum stress to the maximum strain (not 
necessarily at the same point) of the cyclic 
stress-strain hysteresis loop. 
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rials have a decreasing modulus followed 
by a later increase. Recent axial-stress 
tests at the University of Minnesota (6) 
on mild steel show similar results. 

These observations imply that the 
stress distribution may change signifi- 
cantly under sustained cyclic stress ina 
manner which is characteristic of the 
material and the cross-section shape. 
The influence of cross-section shape on 
the relationship between static bending 
moment and strain has been demon- 
strated (7). However, the study of this 
effect under cyclic stress has not re- 
ceived its due attention. 

This paper is concerned with both 
the analytical and experimental study 
of this problem. First hypothetical stress- 
strain relationships are assumed to simu- 
late the behavior of real materials, and 
on the basis of these assumed properties, 
for which the cyclic secant modulus var- 
ies according to convenient laws, the 
fatigue behavior is calculated. Compar- 
isons are then made between the fatigue 
strengths to be expected from various 
types of simulated bending fatigue tests. 
In each of these simulated test condi- 
tions, various shapes of cross-section are 
considered, and the influence of shape 
is discussed. This paper also includes a 
partial experimental check of some of 
the conclusions resulting from the ana- 
lytical work. 


CycLic STRESS-STRAIN PROPERTIES 


In general, there appear to be two main 
types of material as far as response to 
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cyclic stress is concerned. One type ex- 
hibits a gradually increasing stress am- 
plitude with repeated cycles of constant 
strain amplitude while the other has a 
decreasing stress, at least in the early 
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strain softening in the early stages of 
fatigue. For conciseness, this paper is 
concerned primarily with the latter type. 


Number of Cycles” 


Figure 1 shows two sets of hysteresis 


loops at different stress amplitudes, for 


¥ 


E 


Fic. 1.—Stress-Strain Hysteresis Loops and Locus Curves for Mild Steel after Various Numbers 


of Cycles. 


stages of fatigue life. The first type will 
be referred to in this paper as a “strain- 
hardening” material; the second type 
will be called ‘“‘strain-softening.” 

Most materials apparently belong to 
the strain-hardening type, but a few, of 
which mild steel is a notable example, 
belong to the second type which exhibit 


SAE 1020 steel under axial loading (6). 
Each set has one loop after 10 cycles, 
one after 100 cycles, and one after 1000 
cycles of repeated stress. For the outer 
loop, which is typical, the arrows mark 
the direction of load application. Start- 
ing at the upper point C’, the curve is 
traced through zero stress at D to maxi- 


— 
ON 
> 
4 
/ 
| 
| 
he 
i- 
i 
ig 
Elongation 
D 
is 
p- sa: 4 
y | 
d 
me | 
iS 
| 
| 
hig 
a 
f 
A 
n 
0 


1014 


mum compression at E, thence back to 
zero stress at F, and finally back to max- 
imum tension at C’. Some portions of 
the curves are omitted in order to avoid 
confusion of too many intersections. 
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the indicated number of cycles. In this 
work, these locus curves provide the 
relationship between the maximum val- 
ues of cyclic stress and strain. 

In order to study the effects of the 


Ratio of Stress Amplitude to Proportional Limit Stress 


| = 


Cyclic Secant Modulus Lines 
for N=!1000 and 72.0 


terial. 


The softening effect is evident from 
the widening of the loops with increasing 
number of cycles. The dashed curves 
OAA’, OBB’, and OCC’, which are the 
loci of the maximum points of the hys- 
teresis loops after 10, 100, and 1000 cy- 
cles respectively, will be referred to here- 
after as the “cyclic stress-strain locus 
curves,” or simply “locus curves,” for 


Ratio of Strain Amplitude to Proportional Limit Strain , 


1.0 2.0 


Fic. 2.—Family of Hypothetical Cyclic Stress-Strain Locus Curves for a Strain-Softening Ma- 


changit., cyclic modulus without the 
complication of additional factors nec- 
essarily arising in experimental work, 
hypothetical cyclic stress-strain _rela- 
tionships will now be employed to simu- 
late the behavior of actual materials. 
For simplicity of calculations, cyclic 
stress-strain locus curves consisting of 
two straight-line segments are assumed. 
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The slope of the elastic leg remains con- 
stant under cyclic stress and the propor- 
tional limit remains fixed. The slope of 
the upper (plastic) leg, however, varies 
with V, the number of repeated cycles. 
For a strain-softening material, this 
slope decreases, while in the case of 
strain-hardening materials it increases. 
This variation of slope may be ex- 
pressed mathematically by multiplying 
the elastic modulus, E, by a function 
of V. A suitable function for a strain- 


(a) Constant Strain 
y 


(b) 


F 


Constant Stress 


tension half of the curves is shown, the 
compression portion being assumed 
identical. This assumption was verified 
experimentally for mild steel in axial 
stress tests. Also shown in the figure is 
the cyclic secant modulus line for V = 
1000 and a strain of twice the propor- 
tional limit value. Each of the locus 
curves gives the stress-strain amplitude 
relationship for the pertinent number 
of cycles which is labelled at the upper 
end of the curve. It will be noted that 


(c) Constant Moment 


E 


Solid Lines -- Early Stage; 


Different External Loading Conditions. 


hardening material is: 


F\(N) =1-e (1) 
in which A and No are parameters which 
give the desired initial conditions and 
regulate the rate of approach to the 
elastic condition. For a strain-softening 
material, the function used is: 


F.(N) =1— 


where y, g, and ) are suitable parameters 
chosen so as to approximate the behavior 
of mild steel which was studied experi- 
mentally. 

Figure 2 shows the set of locus curves 
for a strain-softening material obtained 
by use of function F: above. Only the 


=----— Dashed Lines -- Later Stage 
Fic. 3.—Stress and Strain Distributions in Specimen of a Strain-Softening Material for Three — 


the slope of the upper leg gradually de- 
creases with increasing cycles up to 1000 
after which it slowly rises. This is similar 
to the observed behavior of mild steel 
to be described later. 

A similar set of locus curves for a 
strain-hardening material was _ con- 
structed, but to conserve space it is not 
included in this paper. These curves, 
together with all others for strain-hard- 
ening materials are given in reference (8). 


BENDING MOMENT, STRESS, AND 
STRAIN ANALYSIS 
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Note: 
Fic. 4.—Cross-Sections of the Five Specimens Analyzed, 


theory, three additional assumptions 
are made in this analysis: 

1. Any plane cross-section before 
bending remains plane after bending 
occurs, even in the inelastic range. 


2. No reaction occurs between ad- 
jacent filaments of the beam, and 

3. A unique stress results from a given 
strain after a given number of cycles 
(either in axial loading or in bending). 
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The variable material properties dis- 
cussed previously may significantly af- 
fect the non-linearity of bending stress 
and its distribution during fatigue tests. 
Figure 3 gives a qualitative indication 
of the changes that may be expected 
under different conditions for a strain- 
softening material. In Fig. 3(a) a longi- 
tudinal section of a portion of a specimen 
is shown. At a given stage of the test, 
the stress distribution is given by lines 
DCOAB and the strain distribution by 
EOF. If the test conditions are such that 
constant strain amplitude is maintained 
in the outer fibers, the stress distribution 
at a later stage will be D’'COAB’. The 
strain distribution will, of course, remain 
the same. The decreased stress in the 
plastic ranges AB’ and CD’ will ob- 
viously cause a decrease in the bending 
moment. 

A case of constant stress is represented 
in Fig. 3(6). Initially the stress distribu- 
tion is indicated by lines DCOAB and 
the strain by ZOF. After a number of 
cycles resulting in strain softening, the 
dashed lines DC’OA’B represent the 
stress values,* and in order to allow the 
stress to remain constant at D and B, the 
strain has increased to the line E’OF’. In 
this case, the bending moment has in- 
creased as a result of the higher stress 
throughout the specimen even though 
the maximum stress remains constant. 

A constant-moment condition is rep- 
resented in Fig. 3(c). The solid lines 
DCOAB show the distribution of stress 
and line EOF that of strain at one time 
in the test. Later, because of the cyclic 
strain softening, the stress distribution 
is as indicated by the dashed lined 
D‘'C'OA'B’. Since the bending moment 
is constant, the decreased stress in the 
outer portion must be accompanied by 
an increase of the stress in the inner 
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‘ Point A has moved parallel to the y-axis to 
position A’, and point C has likewise moved to 
(’, since the proportional limit of the assumed 
cyclic stress-strain curves remains at the same 
stress level. 
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region. In order that those fibers in the 
elastic range may exert more stress, the 


strain must be increased as shown by 
line E’OF’. 


Moment Equations: 


Figure 4 shows the cross-sections of 
the five specimen types to be studied. 
For the square section (upper left) the 
coordinate system is shown, along with 
a typical strip element, da. Now, for a 
given strain in the outer fibers, €, , the 
bending moment: 


4 M = 2 | S(y)y da 
0 


If the first moment of that part of 
the cross-sectional area whose height is 
y and whose base is along the z axis is 
designated by m, then since m is a func- 


tion of y, 


y da = dm 


Because of its relation to the shape of 
the section and its attendant role in de- 
termining response of a given cross-sec- 


dm. 
tional shape to cyclic loading, TD will 


be referred to as the “shape function” 
and will be designated by: 


(y) dm (5) 


Substituting from Eqs 4 and 5 into 
Eq 3 there results: 


The stress may be expressed in terms 
of y, using the assumed linear strain 
relationship: 


& 
* 
dy 
q 
; as 
as 
vx 
‘ 4 
M =2 [ S(y) oly) dy.......(6) a 
d- 
Em 
es 
i And writing the equations for stress 


from the assumed stress-strain locus Eq 9, the case of the square cross-section 
curves: will be illustrated. The developments 
S=Ee, for OSe¢S6@....(8) for the other sections, omitted here to 
conserve space, are given in reference (8). 
S = Eey + EF(N)(c — 6), For the square section, ¢ = 2cy and 
for &m Eq 9 becomes: 
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Fic. 5.—Moment Strain Curves for Diamond Cross Section, and 1000 Cycle Curves for the Four 
Other Shapes—Strain Softening Material. 


where ¢, is the strain at the proportional as ‘ 
M =4E 3 
limit. By substituting from Eqs 7 and 8 + 


into Eq 6 and designating the ratio 
Em 4 
<2 by p, the following expression for the E + F(N) (: > »)| y dy. . (10) 


€m 


The integral may now be evaluated, 
[Pe since F(N) is constant with respect to 
=2E ~ | o(y)y dy + 2 | the variable of integration. Upon inte- 
gration, Eq 10 gives: 
E € o(y) dy...) ay + 311— F(W) leo (1 — *) 
As an example of the application of + 2F(N)en(1 — p3)}.. (11) 


bending moment is obtained: 
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Ratio of Moment Amplitude to that in First Cycle 


10 
Number of Cycles (Log Scale) 
Fic. 6.—Moment versus N for the Five Specimen Shapes Under Constant-Strain Amplitude. 
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_ Fic. 7.—Stress and Strain Variation for Diamond and I Shapes of Both Strain- Hardening and 
Strain-Softening Materials Under Constant Moment Amplitude. 
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It will be noted that M depends upon 
the strain in the outer fibers, ¢,,, and 
on the ratio of €, to €» , which together 
with E, is the material property. 

Up to this point, no conditions have 
been imposed on the moment expression 
due to the cyclic modulus behavior; thus 
the above expression is valid for either 
a strain-hardening or a strain-softening 
material. 

Moment-Sirain Curves—The moment 
equations for the individual cross-sec- 
tional shapes may now be calculated. 
For a strain-hardening material, substi- 
tution of Eq 1 in the moment expressions 
for each shape yields moment equations 
from which moment-strain curves may 
be plotted. The equations for a strain- 
softening material may be obtained by 
substituting Eq 2 in the same moment 
equations. Figure 5 shows a family of 
moment-strain curves for a diamond 
cross-section, for a strain-softening ma- 
terial. The dashed curves, for the other 
shapes at 1000 cycles, are included for 
comparison. In this figure the ratios of 
the moment amplitudes to that at the 
proportional limit are plotted as ordi- 
nates, while the ratios of strain ampli- 
tudes to the proportional-limit strain 
are the abscissae. 


ANALYSIS OF BEHAVIOR UNDER VARIOUS 
FATIGUE CONDITIONS 


From the cyclic stress-strain locus 
curves of Fig. 2 and similar ones for 
strain-hardening materials, and using 
the moment-strain curves of Fig. 5 and 
similar sets for the other shapes and for 
strain-hardening materials, the varia- 
tion of stress, strain, and bending mo- 
ment may be analyzed under various 
fatigue loading conditions. 

A study of Fig. 2 readily reveals the 
behavior to be expected of stress for 
strain-softening materials under imposed 
constant-strain amplitude. The stress 
will decrease gradually up to 1000 cycles, 


beyond which it will rise slowly. Since 
the stress depends only on the strain for 
a given number of cycles, it will follow 
the same pattern for any cross-sectional 
shape. In the case of a strain-hardening 
material, the stress will gradually in- 
crease with number of cycles. 

The behavior of the bending moment 
under constant-strain amplitude is shown 
in Fig. 6. Each curve represents the 
moment variation for a particular shape 
of section which is indicated by the sym- 
bol. The dashed curves represent the 
limiting case. An idealized shape having 
its entire area at the outer surface would 
undergo a change in moment equal to 
the change in stress. This relative change 
in force would occur in axial-stress tests 
under constant strain. 

Here, for the first time, the effect of 
specimen shape is evident. Since the 
greatest change in stress occurs in the 
outer fibers, one would expect a speci- 
men with the largest percentage of area 
away from the center to be most sensitive 
to the changing modulus. This fact is 
borne out in the figure where the “I” 
section has a much larger change in 
moment than the diamond section at 
the opposite end of the range. 

The variation of strain and stress dur- 
ing constant moment tests is shown in 
Fig. 7. The effect of cross-sectional shape 
is again evident, as the change in either 
stress or strain under constant-moment 
loading is dependent on the specimen 
shape. To avoid confusion, the curves 
for the solid circular, square, and hollow 
circular shapes are omitted. They fall 
between the diamond and “TI” shapes in 
the order shown in Fig. 6. This influence 
of shape on the stress-strain behavior 
will be discussed later. 

The behavior of the strain and bending 
moment under constant-stress amplitude 
may be studied in the same manner as 
for the two preceding cases. To conserve 
space this analysis is omitted here; how- 
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ever, a complete discussion may be found 
in reference (8). It should be noted, how- 
ever, that the shape of the specimen does 
not affect the strain variations in this 
case just as it does not influence the stress 
behavior under constant-strain condi- 
tions. 


EFFECT OF CROSS-SECTIONAL SHAPE 
ON FATIGUE BEHAVIOR 


The sensitivity of the different shapes 
to the changing cyclic secant modulus, 
as noted previously, is felt only in the 
constant-moment test. In either the 
constant strain or stress test, the control 
is placed on the variable at the outer 
surface, and the shape of the section has 
nothing to do with its variation with 
repeated stress cycles. If the moment is 
controlled by external loading condi- 
tions, however, the stress distribution 
is involved, and hence the shape of the 
cross-section is a significant factor. 

It is desirable to obtain a criterion 
for determining the relative amount 
that one shape will be affected by the 
changing modulus compared to another. 
In the following discussion, such a crite- 
rion will be developed. 

The integrand of Eq 6, which is re- 
peated here for convenience, is the prod- 
uct of two functions of y: 


c 
M= 2 S(y)o(y) dy....... (6) 
The function ¢ was designated the ‘“‘shape 
function”’ because it depends upon the 
shape of the section, but, more impor- 
tant, it determines how critically a given 
shape will be affected by the changing 
cyclic secant modulus. 

Figure 8 shows the function S together 
with the @ functions for each of the five 
shapes. The long-dashed line OA to- 
gether with the two lines A.V; and A.V, is 
a representation of the distribution of 
stress across one half of a section after 
two different numbers of cycles, V; and 
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N, , the strain in the outer fibers remain- 
ing constant.® 

Now the moment, for a given stress 
distribution, depends upon the character 
and magnitude of the function @. How- 
ever, for constant-strain tests the change 
in the moment with .V depends only on 
that part of the function beyond the 
proportional limit of the stress curve 
(to the right of point p). The change 
will be greater if the value of ¢ in this 
range is greater. In particular, the per 
cent change will be higher if the ¢ curve 
in this plastic region is relatively higher 
than in the elastic range, and especially 
so if it is highest at the outer surface 
where the stress change is greatest. This 
observation provides a clue to the char- 
acteristic of the @ function that deter- 
mines which shape is most sensitive to 
the changing modulus under constant 
strain. 

The shape which theoretically would 
feel the change most would be one for 
which @ is zero all the way out to the 
surface and which has a finite value at 
the surface. This shape is physically 
impossible, of course, but a shape whose 
¢ curve is quite low from zero out to a 
point near the surface and then makes 
an abrupt rise would approach this ideal- 
ized extreme case. The “I” section does 
just this, as can be seen in the figure. 
The diamond section, on the other hand, 
has the smallest portion of its @ area (the 
area under the ¢ curve) in the plastic 
region, and hence would be least sensi- 
tive to the change. 

A quantity expressing the relative 
magnitude of the function in the outer 
region of the specimen is the distance 


5 The illustration is for a strain-softening ma- 
terial. If the material were a strain-hardening 
type, Nx would be above Nj; , but the analysis 
that follows is valid for either case. 

®‘ This limit condition for moment change 
under constant strain is analogous to the force 
change in an axial-stress test in which the strain 
is held constant. 
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from the center of the specimen to the 
centroid of the area between the @ curve 
and y axis. It should be noted that this 
is not necessarily the shape whose ¢ area 
has a larger moment with respect to the 
neutral axis. The relative moment would 
determine which shape has a larger abso- 
lute change in bending moment. A glance 
at Fig. 8 reveals that the square section 
obviously feels the greatest change in 
bending moment. 

In terms of relative change in bending 
moment with .V, the distance to the 
centroid of the @ area is a useful and dis- 
tinguishing criterion. Likewise, this 
quantity indicates which shape will feel 
the greatest change in stress and strain 
under controlled moment. This state- 
ment may be verified by reference to 
Fig. 9. In this graph the per cent change 
in strain and in stress under constant 
moment is plotted against g, the dis- 
tance to the centroid of the @ area. The 
points were obtained from the appropri- 
ate curve giving stress, strain, or moment 
as a function of V by noting the change 
in the selected variable at 10* cycles for 
each of the section shapes. These values 
were plotted against 7 for the particular 
shape. 

The points for the idealized maximum- 
sensitivity shape are identified by an 
asterisk and located at 7 = 1.0. The 
per cent change in strain under constant 
moment for this shape is equal to the 
per cent change in strain under constant 
stress. The change in stress under con- 
stant moment is, of course, zero for the 
idealized shape. Distances to the centroid 
of the various areas are indicated at the 
top of Fig. 8. 

It may be observed that all of the 
stress curves converge at zero for the 
idealized shape for which @ is 1.0. This 
is the expected behavior, since under 
constant moment there would be no 
change in stress in the idealized-shape 
specimen. No significance can be at- 
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tached to the zero intersection of the 
strain curves, as this condition applies 
to a shape for which ¢ is identically zero 
in the plastic range. As long as this con- 
dition is satisfied, there can be infinitely 
many ¢ functions, in which 9 can have 
any value from 0 to pc, for which there 
would be no change in strain under con- 
stant moment. Actually, @ cannot be 
zero in the plastic range, and conse- 
quently the zero points of the strain 
curves have no practical significance. 

The figure summarizes the shape 
effect, as discussed previously, in a com- 
pact manner. For a strain hardening 
material, the higher the ratio of 7 to c, 
the longer will be the fatigue life in a 
controlled-moment test, because the 
stress increase is less and the strain de- 
crease is greater. Just the opposite rela- 
tionship holds for a strain-softening 
material. The higher the value of g/c, 
the lower will be the fatigue strength, 
since the strain increase is greater and 
the stress decrease less. 

Another valuable application of the 
relationships in Fig. 9 is that of pre- 
dicting for any given shape its fatigue 
sensitivity compared to that of a refer- 
ence shape whose fatigue characteristics 
are known. For any shape of cross-sec- 
tion the @ function may be plotted and 
the centroid of the ¢ area located (graph- 
ically if analytical solution is not prac- 
ticable). The relative position of 9/c 
of the given shape on the curves of Fig. 9 
determines whether the fatigue strength 
will be higher or lower than that of the 
reference shape. No numerical fatigue 
prediction may be made, of course, since 
as yet there is no satisfactory method of 
quantitatively evaluating the effect of 
varying stress on fatigue life. 


EXPERIMENTAL PROGRAM A= 


The foregoing analysis based on hy- 
pothetical material properties was in- 
tended to provide a means of studying 
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the effect of varying stress-strain proper- 
ties on fatigue strength without involving 
additional variables. The validity of this 
analysis was partially confirmed by ex- 
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without stopping the test. It is thus possi- 
ble to impose any desired fatigue loading 
conditions on the specimen. Instruments 
for measuring and autographically re- 
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Fic. 10.—Cyclic Stress-Strain Locus Curves for 1020 Steel Under Axial Stress (Lidstrom and 


Lazan). 


perimental work which will now be pre- 
sented. aft 


Fatigue Testing Machine: 


Tests were conducted in a machine 
developed specifically for this work. The 
specimen is subjected to reversed-flexure 
by means of a controlled deflection arm 
whose amplitude may be varied at will 


cording the bending moment and strain 
in the specimen permitted continuous 
recording of these variables during the 
test. A detailed description of the equip- 
ment is given in reference (8). 


Material: 


The test program was performed on 
normalized SAE 1020 steel described in 
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reference (8). In Fig. 10, cyclic stress- 
strain locus curves of mild steel are 
shown. These curves, obtained in prior 
work from axial-stress tests (6), were 
developed, with the exception of the 
static curve, from data from several 
tests. The strain amplitude at various 
numbers of cycles was recorded, and 
from these data points were plotted at 
the stress level of the test. Each of the 
locus curves shown in Fig. 10 connects 
all of the points for the indicated num- 
ber of cycles. The strain-softening char- 
acteristic is indicated by the lowering 
of the stress-strain curve with increasing 
number of cycles. After 10‘ cycles, slight 
strain hardening begins in this material, 
as indicated by the somewhat higher 
location of the 10° cycle curve. The 
stress at a strain of about 2700 micro- 
inches per in. remains reasonably con- 
stant with cyclic stress history, and thus 
the region of greatest change is in the 
vicinity of the yield point. 


Test Specimens: 


Two shapes of specimen cross-section 
were employed. These shapes were so 
chosen that they provide an appreciable 
difference in response to the varying 
modulus and that nearly identical ma- 
chining processes might be employed. 
The two types of specimens are hollow 
and solid circular in cross-section having 
a longitudinal straight taper. Further 
details of specimens are given in refer- 
ence (8). 


Test Procedures: 


At the start of the test, the desired 
strain or moment was obtained by ad- 
justing the stroke. After starting the 
test, the stroke was readjusted according 
to a precalculated pattern in order to 
produce the prescribed test conditions. 
Because of the rapid changes in cyclic 
secant modulus in the early stages of a 
test, the machine was stopped at the 


= 


On BENDING FATIGUE STR 


ENGTH 1025 
neutral position after the completion of 
each cycle. During each individual cycle, 
however, the machine was rotated by 
the motor at the usual speed of 15 cpm. 
In these early cycles, a moment-strain 
hysteresis loop was recorded for each 
cycle. After about 10 cycles, the ma- 
chine was allowed to run continuously, 
and the data were recorded at increasing 
intervals, the stroke being adjusted as 
necessary while the machine was run- 
ning. 


Moment-Strain Relationships: 


To compare the theoretical moment- 
strain relationship with experimental 
results, computations were made using 
the actual cyclic stress-strain locus curves 
of Fig. 10. Using Eq 3, sets of moment- 
strain values were computed by a nu- 
merical integration process.’ By repeat- 
ing the process for different values of NV, 
a family of moment-strain curves similar 
to those of Fig. 5 were obtained for both 
solid and hollow circular specimens. 
From these curves, the moment-strain- 
stress behavior during given fatigue 
tests can be predicted. These predictions 
are presented below in connection with 
the experimental results. 


RESULTS AND DISCUSSION 


Three series of bending fatigue tests 
were conducted on both solid and hollow 
specimens of 1020 steel. In the first 
series, the strain amplitude in the outer 
fibers was held constant throughout the 
test. The second series consisted of con- 
stant-stress amplitude tests, while the 
moment amplitude was maintained 
constant in the third set of tests. 


7 This procedure produced more accurate re- 
sults than could be obtained by approximating 
the locus curves by two straight-line segments. 
Although these locus curves differ from the 
hypothetical curves in this respect, the results — 
of the hypothetical analysis portray the same 
general trends. 
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Tests Under Constant Strain Amplitude: 


In this series of tests the strain ampli- 
tude was maintained constant through- 
out the test by adjusting the stroke as 
necessary. Although the total deforma- 
tion of the bending arm, grips, and spec- 
imen remains constant under constant 
stroke, that portion occurring in the 
gage length of the specimen increases 
as the modulus decreases. A constant- 
deflection test therefore does not neces- 
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Figure 11 shows the variation of bend- 
ing moment with number of cycles for 
both hollow and solid specimens. In 
this graph, the scatter bands are shown 
in order that the amount of dispersion 
may be observed. The band for solid 
specimens, which includes the curves 
from nine tests, has a maximum width 
of about 4 per cent as compared to a 
7 per cent maximum change in moment 
at the center of the band. 
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_ Fic. 11.—Moment Variation for Solid and Hollow Specimens for 1020 Steel Under Constant 


Strain, Showing Scatter Bands. 


sarily maintain constant strain in the 
specimen, although the change may be 
relatively small if the specimen stiffness 
is much less than that of the loading 
system. 

It is apparent from a study of Fig. 10 
that if the strain amplitude is held con- 
stant, the stress will decrease signifi- 
cantly from its initial value. A direct 
experimental verification of this stress 
behavior is of course impossible with 
techniques available at the present time. 
However, an indication of the stress re- 
distribution may be gained by measuring 
the bending moment. 


For the hollow specimens, the change 
in moment is about 13 to 15 per cent, 
which is just about double that of the 
solid specimens. The agreement between 
calculated values, as indicated by the 
dashed curve, and the experimental values 


appears to be quite good. " 


Since there is no reliable experimental 
method of measuring stress in a metallic 
specimen, the best substitute is to meas- 
ure the strain at the surface, and if the 
stress-strain relationship is known, the 
stress may be calculated. In the constant- 


Constant Stress Amplitude: 
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Fic. 12.—Moment Variations for Hollow and Solid Specimens of 1020 Steel Under Constant 
Stress, Showing Scatter Bands. 
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stress tests, this procedure was em- 
ployed, the cyclic stress-strain locus 
curves of Fig. 10 providing the relation 
of stress to strain. The intersections of 
a horizontal line at the selected stress 
level with the individual curves of Fig. 10 
give the value of strain for the respective 
number of cycles. These sets of values 
of €m and V may be used to construct a 
curve showing the variation of strain 
during a test under constant stress am- 
plitude. The strain amplitude variation 
indicated by such a curve was imposed 
on the specimen during the tests. 


TABLE I.—SUMMARY OF FATIGUE RESULTS. 


ZA 


amplitude maintained in most of the 
constant-strain tests) was imposed on 
the specimen. Because of variability in 
material properties and dimensions of 
the specimens, this procedure did not 
impose the same moment on each speci- 
men. However, because the same initial 
strain was developed in each case, it is 
felt that this common initial condition 
provides a sound basis for comparing 
fatigue strengths under the various test 
conditions. 

In Fig. 13 the behavior of strain and 
stress during the fatigue tests under 


Type of Test 
| 


| Number of 
Tests | Failure, avg. | 


Initial Strain 
Devistion _Amplitude, 
microinch perin. 


Cycles to | 


SPECIMENS 


1540 
1540 
1200 


120 000 
55 000 


31 600 


320 000 | 
| 3 900 


81 500 | 


Ho.iow SpecIMENS 


115 000 
30 000 6 300 1540 
| 20 000 3 400 1200 


An experimental indication of the 
stress distribution and its variation was 
obtained by measuring the bending 
moment at frequent intervals throughout 
each test. Figure 12 is a plot of the mo- 
ment variation with .V. Again, the scat- 
ter bands are shown in order to display 
the dispersion of results due to variability 
in material properties. This factor will 
be significant in the discussion of fatigue 
results later. The fact that the calculated 
curves (dashed) are within the scatter 
bands over the entire life indicates that 
the stress was close to the desired level 
throughout the tests. 


Constant Moment Amplitude: 


In the first cycle of these tests, a strain 
of 1540 microinches per in. (the strain 


constant moment are shown. It is appar- 
ent, even with the amount of scatter 
present, that the strain increase in the 
hollow specimens is significantly higher 
than in the solid ones. In the case of the 
solid specimens, the calculated curve 
(dashed) falls along the upper border of 
the experimental band. In the case of 
the hollow specimens the discrepancy 
appears more serious. Reasons for these 
differences are discussed in some detail 
in reference (8). 

The stress curves show a considerable 
decrease from the initial value, with the 
solid specimens having a slightly greater 
decrease. It should be noted, however, 
that these stress curves are determined 
from calculations under the assumption 
that the cyclic locus curves of Fig. 10 


‘ 
re 
I 
. } 
‘ 
( 
4 
6 
4 
4 
j 3 
a 
te 


On BENDING FATIGUE STRENGTH 


represent the stress-strain relationship 
in each specimen. The dispersion in strain 
values noted above indicates that the 
stress-strain relationship may vary some- 


under constant-strain conditions; the 
constant-moment tests will give inter- 
mediate life, while the shortest life will 
be found under constant-stress tests. A 
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what. Nevertheless, these curves, based 
on the average strain values, represent 


similar comparison of stress curves sub- 
stantiates this statement. The curves 


fa) 
Constant Moment, 
Reversed Flexure, 
@ Nominal Stress 


Constant Strain, 
Reversed Flexure, 
© Nominal Stress 


Rotating Bending -- & 
(Lidstrom, Lazan) 


Stress, psi 


o- 
Rotating Bending -- Specific 
(Lidstrom, Lozan) 


Axiol—- Stress a 
(Lidstrom, Lozon) 
& Axiol Stress, Without Extensometer 
@ Average of 4 Reversed Bending Tests at Constant Stress 
@ Average of i2 Reversed Bending Tests at Constant Strain (Plotted for Stress at 103 Cycles) 
@ Average of 6 Reversed Bending Tests at Constant Moment (Plotted for Stress at 10” Cycles) 


25000 
10° 5 10 5 
Number of Cycles (Log Scale) 


Fic. 14.—Comparison of Fatigue Strength of Solid Specimens of 1020 Steel Under Various 


Conditions. 


the stress trends though the degree of 
change may be questionable. 


Comparisons Between the Three Loading 
Conditions: 


A summary of the variations of strain- 
stress, and moment with N under various 
loading conditions may be obtained 
from Figs. 10 to 13. A comparison of 
the strain curves for solid specimens 
reveals that under constant moment 
the strain has the same initial value as 
maintained in the constant-strain tests, 
but rises about 12 per cent above that 
value during the test. In the constant- 
stress test the initial strain is 22 per cent 
lower, but it rises to a value 45 per cent 
higher than the constant-strain level. 
This comparison of strain behavior indi- 
cates that the longest life will be found 


for hollow specimens indicate the same 
trends, the only difference being i in’ the 
degree of the changes. 7 


Fatigue Results: 


Table I gives a summary of all fatigue 
results on mild steel. The table is divided 
into two principal groups separating 
solid and hollow specimens. For a given 
specimen type, it is quite evident that 
an appreciable difference in fatigue life 
results from the three types of tests, in 
which the initial conditions are identical. 
The constant strain test shows the long- 
est life, while the constant-moment value 
is less. The constant-stress test gives 
the lowest result even at a level in which 
the initial strain is less than for the other 
two cases. The same relative position is 
evident for both types of specimens. 
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The evident difference in fatigue life 
of the solid and hollow specimens in 
the constant strain and stress tests is 
apparently the result of factors other 
than the changing cyclic modulus. A 
study of these factors is beyond the scope 
of this paper. A difference between solid 
and hollow specimens under constant 
moment, however, is expected from the 
analysis of changing modulus. © 


Comparisons with Prior Results: 


In Fig. 14 are shown the S-N curves 
obtained on the same lot of steel as was 
tested in this project (6). The solid curve 
is the result of direct-stress tests, while 
the dashed curve is from rotating-bend- 
ing data. The short-dash curve is from 
rotating-beam data corrected to show 
specific stress values (at 10° cycles). 
The plotted points are from data ob- 
tained in this investigation, their source 
being indicated by the code. 

The direct-stress curve was obtained 
in tests in which strain was measured by 
an extensometer attached to the speci- 
men. Its knife edges marred the surface 
slightly, and all failures occurred at these 
points. Three tests (shown in the figure 
by the solid triangular points) have since 
been run without an extensometer, and 
all three yielded slightly longer life than 
those which established the curve. This 
indicates that the true direct-stress curve 
should perhaps be farther to the right 
than shown by the solid line. 

The average life of four solid specimens 
in bending under constant stress are 
shown by the circular point. The solid 
square point indicates the average life 
of six solid specimens tested at constant- 
moment. These tests were not run at a 
constant stress, but for comparison pur- 
poses their stress at 1000 cycles (after 
which relatively little change occurs) 
was used in plotting the point. 

_ The nominal (MC/J) stress for this 
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set of tests, indicated by the half solid 
square point, falls quite close to the 
nominal rotating-bending curve. The 
solid diamond point is for the av- 
erage of 12 reversed-flexure tests at 
constant strain, plotted for the stress 
value at 10* cycles. At the same life but 
considerably higher is the corresponding 
nominal stress point (hollow diamond). 

Obviously, the nominal-stress values 
for the three tests (rotating bending, 
reversed flexure at constant moment, 
and reversed flexure at constant strain) 
are unreliable. However, the points for 
axial stress (without extensometer) and 
for reversed flexure under constant stress, 
constant moment, and constant strain 
fall in a consistent curve which agrees 
very well with the corrected rotating- 
bending curve. Thus there appears to be 
little difference between the results of 
all of these tests if the actual stress is 
used. 


SUMMARY AND CONCLUSIONS _ a 


By means of hypothetical stress-strain 
locus curves, an analysis was made of 
the effect of changing cyclic properties 
on stress redistribution and its influence 
on the fatigue life to be expected for 


various cross-sectional shapes under 
different loading conditions. Curves 


consisting of two straight-line segments 
were assumed to represent the cyclic 
stress-strain properties of the material. 
The proportional limit of the material 
remains fixed and the slope of the upper 
(plastic) leg of the stress-strain locus 
curve varies with cycles of repeated 
stress. Using these locus curves, ex- 
pressions for the bending moment were 
obtained for each of five shapes of cross- 
section: (a) square, (b) diamond, (c) 
circular, (d) hollow circular, and (e) “I” 
section. From these moment equations, 
two sets of moment-strain curves were 
obtained: one for a _ strain-hardening 
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material, and the other representing a 
strain-softening material. These families 
of curves together with the cyclic locus 
curves form the basis for analyzing the 
behavior of the moment, strain, and 
stress under various conditions during 
fatigue tests. 

Three different types of reversed-flex- 
ure tests were performed on solid and 
hollow cylindrical specimens of mild 
steel, the desired test conditions being 
produced by varying the deflection at 
the end of the bending arm as required 
during the tests. In the first type of test, 
the strain amplitude was held constant. 
In the second type, constant stress am- 
plitude was maintained by varying the 
strain in a predetermined manner. The 
third type of test was performed under 
constant-moment amplitude. In all of 
the tests, the bending moment at the 
center of the specimen and the strain 
in the outer fibers were simultaneously 
recorded at frequent intervals. 

A check on the assumptiors and hy- 
pothesis regarding the effects of a chang- 
ing cyclic secant modulus was accom- 
plished by comparing calculated with 
experimental curves of the bending mo- 
ment and strain. Using a numerical inte- 
gration process, the bending moment for 
a given maximum strain was computed 
from cyclic locus curves previously de- 
termined in direct stress. In this manner, 
a family of moment-strain curves was 
developed for each of the two specimen 
types similar to those obtained in the 
hypothetical analysis. These curves pro- 
vided a means of predicting the moment 
and strain variation throughout the 
test. 

The results of the constant-strain tests 
showed a decreasing bending moment 
in the early stages for both solid and 
hollow specimens. The hollow specimens 
experienced a greater percentage reduc- 
tion in moment, as was predicted by the 
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theory. The experimental curves fol- — 
lowed the calculated ones quite closely | 
for both specimen types, thus indicating | 
the validity of the assumptions and the | 
stress distribution calculated therefrom. 

In the constant-stress tests, the bend- 
ing moment increased for both the hol- | 
low and solid specimen, the solid type 
showing the larger percentage change. 
Again the calculated curves were in 
good agreement with the average of the 
experimental work. 

The results of the constant-moment 
tests revealed trends predicted by the 
theory, the stress decreasing and the 
strain increasing for both types of speci- 
mens. The scatter bands for the experi- 
mental strain curves followed the trends — 
predicted by the calculated curves. The — 
increase in strain for the hollow speci- 
mens was higher than that of the solid — 
ones, and consequently the stress de-— 
crease was less. 

The fatigue life determined by the 
three types of test was quite different, 
as was anticipated from a study of the 
stress behavior. For both types of speci- 
men, the constant-strain tests yielded 
the longest life, the constant-moment 
tests were intermediate, and. the con-— 
stant-stress tests gave lowest strength 
values, even though the initial strain 
level was below that of the constant- 
strain and moment tests. 

The following conclusions may be HES 
drawn from the results of this investiga- es | 
tion: 

1. The agreement between the cal- 
culated variation of strain and bending _ 
moment and the measured values dem- 
onstrates the validity of the assumption 
that individual filaments of the material 
behave the same under bending condi- 
tions as they do under axial loading. __ 

2. The distribution of bending stress" 
during fatigue tests changes with ce 
stress history as a result of the change in 
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the cyclic secant modulus. Furthermore, 
the degree of change depends upon the 
shape of the cross-section. In general, a 
shape having a greater portion of its 
area remote from the neutral axis is 
more sensitive to the change than one 
having the bulk of its area near the axis. 
These observations were confirmed by 
the experimental results on mild steel. 

3. Stress redistribution resulting from 
the changing cycle modulus affects the 
fatigue life. Though the initial strain 
amplitude be the same, the fatigue life 
of a strain-softening material increases 
with testing conditions in the following 
order: 

(a) Constant stress amplitude, 

(6) Constant moment amplitude; and 

(c) Constant strain amplitude. 

For strain-hardening materials, the 
order is reversed. 

4. In the case of mild steel, there ap- 
pears to be no appreciable difference in 
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fatigue strength among any type of re- 
versed flexure test, rotating bending 
test, or even axial-stress test, providing 
the load is adjusted so that the same 
actual stress exists at 1000 cycles. From 
that point on, little change occurs in the 
cyclic modulus until cracks become large 
enough to affect the properties. 
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APPENDIX 

ae DEFINITIONS OF SYMBOLS AND TERMS 


c—distance from the neutral axis to the extreme surface. 
E—modulus of elasticity. he 


E,—tangent modulus—slope of hypothetical stress-strain curve beyond proportional limit. 
J—moment of inertia of a cross section with respect to the neutral axis. 
k—ratio of wall thickness to outer radius of hollow specimens (= 1 — 1). 
: M—maximum bending moment in a cycle at the center of the specimen. - 
M,—maximum bending moment during first cycle. 
N—number of repeated cycles. 
p—€,/é€m—tatio of strain at proportional limit to maximum strain. = 
r—ratio of inner to outer radii of hollow specimens. | 
S—maximum stress in a cycle. 
y—distance from neutral axis (variable). : ee 
: y —distance from neutral axis to the centroid of the area under the curve - 49) 
; én——Maximum strain during a cycle in the outer fibers. 
5 €»—strain corresponding to the proportional limit. 
«—strain amplitude in first cycle. 
¢—shape function—that factor of the moment integral dependent upon shape of specimen 
cross section. 
Cyclic Secant Modulus—the ratio of the maximum stress to the maximum strain of the _ 
cyclic stress-strain hysteresis loop. These maxima need not occur simultaneously. 
Cyclic Stress-Strain Locus Curve—the locus of stress-strain points for which the stress value — = 
is the product of the strain and the corresponding cyclic secant modulus. (If the | 
4 maximum stress and strain occur at the same point, this curve is the locus of 
maximum points of the hysteresis loops.) vere 
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DISCUSSION | 


Mr. G. R. Goun! (presented in written 
form).—The authors have done an ex- 
cellent piece of work in furthering our 
knowledge of the factors that affect the 
fatigue strength of a given material. 

On the basis of their theoretical stud- 
ies, which they have confirmed by well- 
planned laboratory tests, it has been 
demonstrated once again that useful 
fatigue data cannot be obtained from 
the simple rotating beam, reversed flex- 
ural or repeated axial load fatigue tests 
without further consideration of the 
many factors which may operate to 
alter the stress-cycle relationship. 

For many years, factors such as size, 
shape, surface condition, stress concen- 
tration, residual stresses, quality of the 
material, and environment have been 
studied to evaluate their effect on fatigue 
life. More recently, grain size, test tem- 
perature, stress distribution, range of 
stress, ratio of stress range to mean stress 
and spectrum types of loading have been 
shown to markedly affect the results 
obtained in conventional fatigue tests. 
The importance of cycle frequency and 
variations in prior stress history have 
also been demonstrated by recent ex- 
periments. To these must now be added 
the effect caused by variations in stress 
distribution which have been shown by 
the authors to occur during the course 
of the fatigue test. 

The magnitude of the effect caused 
by changing modulus has been theo- 
retically calculated by Messrs. Blather- 
wick and Lazan. The reversed flexure 
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tests which the authors have reported 
for mild steel—and the more limited 
data on aluminum alloy 2024-T4—con- 
firm their assumptions. To their experi- 
mental data, I should like to add the 
results of two series of tests that we have 
made which likewise demonstrate that 
changing cyclic properties do alter the 
stress distribution during fatigue tests, 
The first of these tests were reported in 
1951 by Gohn and Ellis and are shown 
in Figs. 12 and 13 of their paper which 
was presented before this Society.? The 
studies involved determination of the 
change in bending moments for can- 
tilever beam specimens of a high-purity 
lead extruded as pipe and a lead-anti- 
mony-zine alloy cable sheath, both of 
which were tested in the form of flat- 
tened strip. The changes in bending 
moment were measured during repeated 
bending tests at } cpm and at constant 
deflection. Strain measurements made 
with SR-4 gages during the course of 
the cyclic tests indicated no significant 
change in strain during the fatigue tests. 
Instantaneous bending moments, de- 
termined on the Boettler and Werring 
pendulum tester? accompanying Fig. 15 
showed measurable changes with re- 
peated cycling. The magnitude of these 
changes is shown in Figs. 16(a) and 
(6) in which the data are replotted in 
the manner used by the authors. 
Similar changes in instantaneous bend- 
ing moments occurred during reversed 
2G. R. Gohn and W. C. Ellis, “The Fatigue 
Test as Applied to Lead Cable Sheath,’’ Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 51, pp. 
721-740 (1951). 
3U. S. Patent 2258276 of October 7 (1941). 
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bending fatigue tests at a constant de- 
flection of +0.750 in. on three grades of 
extruded aluminum strip when tested 
in two different conditions and at two 
different speeds } and 18.5 cpm. The 
data from these studies are shown in 
Figs. 17(a) and (6). It should be observed 
that the data show that cyclic stressing 
has different effects on the bending mo- 
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have already been established in metal- 
lurgical practice to mean something 
slightly different from the phenomenon 
described by the authors. For example, 
all three of the grades of aluminum which 
we tested are capable of being “strain 
hardened” when cold worked even 
though, as shown by our data, they may 
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Fic. 15.—Bend Tester Used in Cylic Tests to Evaluate Instantaneous Bending Moments. 


ments of the several materials depending 
upon the strain range, the condition of 
the material, and the frequency of cy- 
cling. Other factors not covered by our 
studies may also have an effect. A study 
of the authors’ work and the additional 
data offered in this discussion in the light 
of dislocation theory should be most 
interesting. 

I should like to offer one suggestion 
and that pertains to the description of 
the mechanism as one of “strain harden- 
ing” or “strain softening.” These terms 


subjected to cyclic straining at constant — 
deflection. Obviously to classify these — 
materials as “‘strain softening” is con- — 
fusing. Some other term might be used — 
to better describe this phenomenon. 

A MemsBer.—At what rate were the 
stress-strain curves obtained shown in 
Fig. 1 and Fig. 12? 

Secondly, how did you maintain a 
constant stress during bending fatigue © 
test? I think that was a bending fatigue — 
test, in which you said you had a con- 
stant stress. 
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Mr. BLATHERWICK (author).—The 
bending fatigue tests were reverse flex- 
ure. Both the axial tests, from which the 
cyclic modulus curves were obtained and 
the bending tests, in which the bending 
moment was measured, were run at a 
frequency of about 15 cpm. This fre- 
quency was used at all times when meas- 
urements were taken. Between measure- 
ments, the speed was increased to as 
much as 300 cpm. 

The stress was maintained constant 
in the bending test by following a pat- 
tern of strain calculated from the cyclic 
locus curves. A horizontal line across the 
family of cyclic locus curves (Fig. 10) 
determined the strain value that should 
occur at the indicated number of cycles 
at the selected stress. Then, in the bend- 
ing test, this strain pattern was followed 
by adjusting the stroke during the course 
of the test. 

Admittedly, this procedure is based 
on the assumption that the cyclic locus 
curves hold for each specimen. Some 
disparity was observed in the material 
properties from specimen to specimen, 
as can be seen by the scatter bands in 
the results that were obtained. 

In reply to Mr. Gohn’s discussion, we 
should like to thank him for the interest- 
ing addition to the material that we 
presented. We agree with him whole- 
heartedly in regard to his criticism of 
the terminology “strain softening and 
strain hardening.” We really should call 
it cyclic-strain hardening or cyclic-strain 
softening, or perhaps some better term, 
to distinguish it from the usual meaning 
of strain hardening and strain softening. 
The meaning that is intended in this 
paper is that under cyclic conditions 
the stress corresponding to a given strain 
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decreases with number of cycles for a 
cyclic-strain softening material. If it is a 
cyclic-strain hardening material, the 
stress increases with number of cycles. 

The variation in effects at different 
stress levels indicated in Fig. 16 of the 
discussion by Mr. Gohn is believed to 
be the result of variation in crack forma- 
tion, as well as in strain rate. It has been 
observed by a number of investigators, 
among whom the work of Hunter and 
Fricke* is an example, that cracks start 
to form much earlier at higher stress 
levels and grow more rapidly. This effect 
is more pronounced in some materials 
than in others, and apparently lead and 
aluminum differ considerably in this 
respect. 

We should point out further that the 
curves presented in this paper pertain 
to that portion of the fatigue life before 
cracks develop sufficiently to affect the 
bending moment. We observed cracks 
early in the tests, but these cracks did 
not become large enough to produce a 
measurable change in bending moment 
until about the last 5% of the fatigue 
life. In one test under constant strain 
amplitude, the bending moment was 
observed to drop off to zero as failure 
approached, similar to the curves of 
Figs. 16 and 17 of Mr. Gohn’s discussion. 
In all other tests, we did not attempt to 
follow changes in bending moment during 
these final stages. 

Further work by the authors is under- 
way to investigate differences in cyclic 
modulus effects on fatigue for different 
materials. 


4M. S. Hunter and W. G. Fricke, “‘Metal- 

lographic Aspects of Fatigue Behavior of Alu- 
minum,” Proceedings, Am. Soc. Testing Mats., 
Vol. 54, p. 717 (1954). ; 
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By M. S. Hunter! AND Ws. G. FRICKE, JR.’ 
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observed above the endurance limit. 


r It has been shown that fatigue cracks 
start to form very early in the life of a 
material and that a large portion of the 
fatigue life of a part is consumed in the 
growth of the initial fatigue crack. In- 
creasing interest is being shown, conse- 
quently, in the problem of fatigue crack 
propagation. Little is known of the 
actual mechanism by which fatigue 
cracks propagate. There is, moreover, 
intense interest in the practical problem 
of determining the usefulness remaining 
in a structural part once a fatigue crack 
has formed. So little is actually known 
of fatigue crack propagation that there 
is no agreement in the literature on even 
so elementary a point as how the rate 
of growth of a crack changes as the crack 
becomes larger. Very little is known of 
how this rate of growth is affected by 


* Presented at the Fifty-ninth Annual Meet- 


ing of the Society, June 17-22, 1956. 

1 Assistant Chief, Metallography Division 
and Research Metallurgist respectively, Alcoa 
Research Laboratories, Aluminum Company of 
America, New Kensington, Pa. 
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CRACK PROPAGATION IN ALUMINUM ALLOYS* 


SYNOPSIS 


_ Metallographic observation of fatigue cracks in aluminum alloys from their 
¥ inception to final complete failure of the specimen has revealed the manner in 
@ which fatigue cracks form, propagate, and interact. It has been found that the 

A length of a fatigue crack is related exponentially to the number of stress cycles 

te and that the rate of propagation bears a 
: It has been observed that incipient fatigue cracks will propagate at stresses 

below the endurance limit and at rates which are simple extrapolations of those 


& 


similar relationship to the stress level. 


it was decided to 


For these reasons, 
employ techniques which had _ proved 
capable of detecting fatigue cracks at 
an early stage in order to follow the 
development and progress of individual 
cracks and to study the processes by 
which they extended and reacted with 


one another. This paper describes the 
manner in which fatigue cracks propa- 
gate on a microscopic scale, some of the 
intricacies of crack propagation, and the 
relationships between crack length, num- 
ber of cycles, and stress level. 


MATERIAL AND TESTING METHOD 


Most of the experimental observations 
of fatigue crack propagation were made 
on 6061-T6 aluminum alloy. Sufficient 
observations were made, however, on 
2024-T3, 7075-T6, and X7375-T6 alloys 
to ensure that the principles were gener- 
ally true of the structural aluminum 
alloys. 

The 6061-T6 alloy was obtained as 
commercial 3-in. diameter rod having 
a tensile strength of 44,700 a 
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strength (0.2 per cent offset) of 37,700 
psi, and an elongation of 19.5 per cent 
over a 2-in. gage length. Smooth rotating- 
beam fatigue specimens having a mini- 
mum diameter of 0.300 in. were made 
from this material. 

Before testing, each specimen was 
chemically polished to remove scratches 
and leave a metallographically polished 
surface. Testing was interrupted periodi- 
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camera lucida arrangement using a mag- 
nification of about 50X. It was felt that 
the true measure of the length of a crack 
was the amount of material which it 
had traversed. Consequently, the length 
of large cracks was measured along the 
crack itself. For small cracks, this 
method was cumbersome and lengths 
were measured between crack ends in a 
direction perpendicular to the stress. 


— 


25 000 


Stress, psi 


First Crack 


20000 


Failure 


4 10000 
102 


10> 104% 


105 


108 


Cycles 


Fic. 1.—Relation Between First Crack and Failure Curves for 6061-T6 Aluminum Alloy. 


cally in order to obtain plastic replicas 
of the specimen surface. These replicas 
reproduced the surface details faithfully 
and could be examined under the micro- 
scope at any magnification. 

By comparing the series of replicas 
for any test, it was possible to follow the 
growth and interplay of all the fatigue 
cracks in a specimen. Direct measure- 
ments of crack length could be made 
from the replicas using a graduated 
micrometer eyepiece on the microscope. 
For convenience, however, the length of 
large cracks was determined from a 
tracing made from the replicas by a 


Both methods of measurement gave 
similar results. 


Test RESULTS 
First-Crack Curve: 


Before fatigue cracks can propagate, 
they must be initiated. When the num- 
ber of cycles at which a microscopic size 
crack first appeared in each specimen 
was noted on the S-log N plot, the points 
for all tests were found to lie along a 
curve defining the first inception of 
cracking for the various stress levels 
(Fig. 1). The first-crack curve so plotted 
converges on the conventional failure 
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curve at the low stress levels as it does in 
all structural aluminum alloys (1, 2). 
Scatter of points about the first crack 
curve is about the same as the scatter of 
points about the failure curve, indicating 
that much of the scatter in fatigue test- 
ing is the result of vagaries of crack 
initiation. In general, a specimen which 


Fic. 2.—Unusually Long Plastically-Deformed 


Aluminum Alloy. Plastic replica (500). 


cracked late, failed late, and the speci- 
men which cracked first, failed first. 
Slip which probably precedes cracking 
even in the structural alloys was not 
sufficiently pronounced to be resolvable 
by the optical microscope, except in 
regions of large stress concentration, 
such as at the ends of a large crack, be- 
tween two close cracks, or in the fork of 
a crack. Consequently, “curves of pro- 
gressive change” other than the “‘first- 
crack curve” were not plotted. Metal- 
lographic observation of the progress 
2 The boldfac ‘e numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 1046. 
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of failure consisted, then, of watching 
the formation and propagation of {a- 
tigue cracks. At low stresses, this com- 
prised the watching of only the one 
dominant crack, but at high stresses, it 
necessitated following the progression 
and interplay of a large number of inter- 
related cracks. 


Region at Tip of Fatigue Crack in X7375-T6 


Mechanisms of Crack Propagation: 


Operating in advance of a fatigue 
crack is a stress field that amplifies the 
nominal stress many times and acceler- 
ates the sequence of events in regions 
before the crack. A large crack may be 
responsible for widespread deformation 
at its ends. Independent cracks tend to 
join because of their overlapping stress 
fields. 

Largely because of the large stresses 
at the tip, a crack tends to grow in length 
as cycling continues. This extension may 
be accomplished by a number of modes: 
either by parting of the material at the 
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crack tip, by formation of a branch a 
short distance behind the tip, or by for- 
mation of a new crack that unites with 
the original crack. 

Extension of the crack tip probably 
occurs by a process closely akin to crack 
initiation, the stress concentration at 
the tip accelerating the passage of the 
material through the customary stages 


4.30 4.32 


did not move forward at a uniform rate 
but by a series of bounds. This was 
evidenced by the fact that when a crack 
was observed, the tip of the crack was 
very often just at the point where the 
crack eventually changed direction to 
form a jog. 

When the end of the crack reached a 
region substantially stronger than the 


4.34 4.35 


Fic. 3.—Growth of Fatigue Crack in 6061-T6 Aluminum Alloy Showing Formation of a Crack 
Ahead of the Main Crack as Well as the Branching Which Occurs Near a Crack Tip. Plastic repli- 
cas (X 100). The numbers under photograph refer to number of Cycles in millions. 


of fatigue. This is essentially the mecha- 
nism proposed by Head (3). Occasionally, 
a narrow, plastically-deformed region 
was observed at the end of a crack. This 
was the material that had not yet rup- 
tured. Figure 2 shows such a region of 
unusual length. 

Although the cracks propagated nom- 
inally in a direction perpendicular to the 
stress, each was composed of many jogs 
which lay at almost any angle to the 
stress. The end of the crack apparently 


material through which it had _ been 
passing, it would often skirt the barrier 
by forming a branch crack a short dis- 
tance from the tip. The “‘strong”’ region 
thus by-passed could have been an un- 
favorably oriented grain, or an area of 
unusually high solute concentration, or 
a cluster of constituents which blunted 


the stress field ahead of the crack. Once © 


the branch crack had passed the original 
tip, the latter grew very little, if at all. 
The branching near the end of a crack 
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must be viewed with some caution. A 
crack does not fork because it reaches 
two avenues of equal weakness, nor does 
it grow simultaneously along both 
branches. Conclusive evidence has been 
obtained that the large “branches” 
which sometimes appear in fatigue 
cracks at an advanced stage are the 
result of the joining up of two separate 
cracks. Since this joining is seldom end to 
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tip of the main crack had become stopped 
or slowed. Many times, under these con- 
ditions, a small crack formed on the 
other side of the barrier and, under the 
onslaught of cracks from both sides, 
the barrier was broached. Figure 3 
illustrates cracking ahead of a main 
crack. Although this process was not as 
important as simple branching at test 
stresses near the endurance limit, it 
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7 a Fic. 4.—Interference of Growing Fatigue Cracks. Lower Portions of Crack A Came Abreast of 
Upper Portion of Crack B at 400,000 Cycles at Which Time These Ends Grew at Decreased Rates. 
Free ends continued growing unaffected. Horizontal separation of cracks 4.1 mm 6061-T6 aluminum 


alloy, stress, 25,000 psi. 


end, a portion of one crack remains pro- 
jecting from the composite crack in 
what appears to be a branch or fork. 
There remains one other means by 
which cracks increase in length. Because 
of the stress concentrating effects operat- 
ing at some distance in advance of the 
crack tip, cracks were often formed in 
areas that were originally just strong 
enough to resist the test load. The forma- 
tion of cracks ahead of the main crack 
sometimes occurred even when the main 
crack was still advancing. The process 
was of more interest, however, when the 


a 


assumed equal if not greater importance 
at higher stresses. 

After the tip of the crack had passed 
a certain region, little additional defor- 
mation occurred there. Sometimes, how- 
ever, a small branch crack formed along 
the main crack in regions where some 
stress concentration remained. This 
event was slightly more common at the 
lower stresses, presumably because a 
larger number of cycles was available 
before the specimen failed. Cracks ap- 
pearing along the flank of the main crack 
sometimes rejoined it, especially when 
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the new crack could cut across a loop in 
the original crack. Branches were more 
likely to complete the bridging process at 
higher stresses. On rare occasions, a 
piece of metal that had been surrounded 
on all sides by cracks was undermined 
by their deepening and fell from the 
specimen, leaving a hole in the surface. 

As cracks grew they exerted a pro- 
nounced influence on other cracks in their 
vicinity. A small crack did not continue 
to grow appreciably after a large crack 
had passed close by. Also, the rate of 
growth of two large cracks decreased 
when they came abreast of each other 
traveling in opposite directions. This is 
illustrated in Fig. 4, where the lower 
portion of crack A came opposite the 
upper portion of crack B at 400,000 
cycles. The growth of the near ends of 
these two cracks was immediately 
slowed, while that of the free ends con- 
tinued unchanged. Sometimes two over- 
lapping but unjoined cracks were found 
which together acted as one large crack. 
In some cases, the progress of a crack was 
slowed when a new crack was formed 
ahead of it at such an angle as to relieve 
part of its stress field. 

Just before a specimen failed, much 
deformation commonly occurred at the 
end of a crack, giving it a feathered 
appearance. This was partly the result 
of stress concentrating near the crack 
and partly the result of increased bending 
of the specimen because of the deep 
crack. Just before failure, the crack 
sometimes showed a slightly increased 
rate of growth. The length of the crack 
immediately before failure, however, 
corresponded exactly to that region of the 
fracture surface containing typical fa- 
tigue markings, demonstrating the accu- 
racy with which fracture surface obser- 
vation indicates fatigue history. The 
fatigue portion of the fracture surface was 
divided roughly into two zones: one 
darkened by abrasion product and the 
other having the color of clean aluminum. 
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The latter zone proved to be the metal 
that cracked in about the last 10,000 
cycles before failure. 


Rate of Crack Propagation: => 


Many equations have been proposed 
for the growth of a fatigue crack. Wilson 
and Burke (4), Phillips (5), and discussion 
by Weibull (5), all using large, plate-type 
specimens, suggested that there is a 
straight-line- relationship between the 
crack length and number of cycles. Ben- 
nett (6), on the other hand, found a 
straight iine resulted only when the 
logarithm of the crack length (from 
which a small constant was subtracted) 
was plotted against the number of cycles 
on a linear scale. Head’s theory (3), which 
has some experimental support (7), de- 
duced that the inverse square root of the 
length should be proportional to the 
number of cycles. This plots as a straight 
line on log-log scales. 

Though the data obtained in this in- 
vestigation were such that in certain 
ranges there was little to choose between 
the different methods of plotting, the 
bulk of the data fitted Bennett’s rela- 
tion best. Except at the highest stresses, 
the points fell well along straight lines 
when the logarithm of the crack length 
was plotted against the number of cycles 
on a linear scale. At the high stresses, 
each crack initially began to grow accord- 
ing to Bennett’s relation, but so many 
cracks formed that soon their mutual 
interference began to change their indi- 
vidual rates of progression. It was found, 
however, that the total length of all 
cracks eventually contributing to failure 
at these stresses was approximately a 
linear function of the number of cycles. 

If it is assumed that the Bennett- 
type plot is best (neglecting his small 
subtractive constant) the equation re- 
lating the length of the crack, /, to the 
number of cycles, V, is of the form 


log = aN b........... (1) 
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where a and 8 are constants. This means 
that at any stage in the growth of a 
crack, a constant number of cycles is 
needed for it to increase in length by a 
given multiple. The concept of “dou- 
bling time,” the number of cycles needed 
for the crack to double in length, is 
introduced as an easily visualized quan- 
tity. During each interval of doubling 
time, the crack doubles in length. 


TI 


8 
8 


—- — 


Endurance Lit 


Stress, psi 


10° 10° 
Doubling Time, cycles 

Fic. 5.—Effect of Stress Level on Rate of 
Growth of Fatigue Cracks in 6061-T6 Aluminum 
Alloy. Rate of growth is given in terms of dou- 
bling time, the number of cycles needed for a 
crack to double in length. Points below the en- 
durance limit were obtained from pre-cracked 
specimens. 


In Fig. 5, the rates of propagation 
for specimens at the various stress levels 
are plotted in terms of the doubling 
times. Although there is much scatter, 
it will be seen that the points lie generally 
along a straight line when the stress is 
plotted on a linear scale and the doubling 
time on a logarithmic scale. Bennett 
(6) has reported a direct proportionality 
between the two quantities in the case of 
a steel over a smaller stress range than 
that of Fig. 5. Head’s theory (3) pro- 
poses a complex relation through the 
term S*(S, — S)~*, where S and S, are 
the fatigue stress and yield strength, 
respectively. 

In general, each end of a crack meas- 


ured from the origin had the same doubl- 
ing time as the crack as a whole and each 
portion acted more or less independently. 
If one end of a crack became halted 
temporarily the other end continued 
growing at the same rate. When the 
halted end resumed growing, it again 
assumed its original rate (see, for ex- 
ample, the upper portion of crack B in 


4). 


For some reason, as yet unexplained, 
there was a decided tendency for both 
ends of a crack to stop temporarily when 
the crack reached a critical length of 
about 0.3 mm. After several millions of 
cycles (the time being longer at the 
lower stresses), the crack again continued 
to grow with much the same rate as it 
had before. The interval over which 
crack growth remained checked was 
largely unpredictable so that those 
specimens in which the main crack 
stopped the longest time had the largest 
spread between the first crack and failure 
points. The spread between the First 
Crack and Failure curves depends, 
therefore, on both the rates of crack 
propagation at the various stress levels 
and the intervals over which cracks do 
not grow. 

The critical length for the stopping of 
small cracks coincides almost exactly 
with the finite length with which Ben- 
nett’s cracks in X4130 steel seemed to 
start (6). This suggests that his cracks, 
in fact, started with lengths unresolv- 
able by his technique and that the 
sensitivity of cracks of this dimension 
to stoppage may be a universal property 
of all metals. 


Propagation Below Endurance Limit: 


Some specimens were run at stresses 
above the endurance limit until a crack 
was formed and were then tested at 
stresses below the endurance limit. It 
was found that, in general, the cracks 
would grow at these low stresses at 
rates that were simple extrapolations of 
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the rates above the endurance limit. 
Figure 5, in fact, includes several points 
for rates below the endurance limit. The 
stress level at which the crack had been 
pre-formed had no discernible effect on 
the growth rate, but when more than 
one crack was present only one crack 
grew. In no case did the crack resume 
growing at the new rate as soon as the 
stress was reduced; rather, an appreci- 
able number of cycles was needed at the 
new stress before the crack began to 
enlarge. The length of time required 
varied according to the stress level: the 
lower the new stress, the longer the time. 

There does exist a stress below which 
cracks will not propagate, at least within 
practical time limits. In this connection, 
the behavior of one particular specimen 
is interesting. A large crack 8.5 mm (0.33 
in.) long was formed in this specimen 
at 18,000 psi. The stress was then reduced 
to 6000 psi. At this stress, the ends of the 
crack had not extended after 65 million 
cycles; however, a number of small 
branch cracks formed along the crack 
sides even at this very low stress. When 
the stress was raised to 9000 psi, more 
side branches formed until the crack 
started to grow (though at one end only) 
after 17 million cycles. It appears that 
the over-all stress must be reduced to a 
very low level to prevent any additional 
cracking in a cracked specimen, provided 
cycling is to be continued for a very long 
time. 

When the stress on a cracked specimen 
was reduced to a level at which growth 
did not occur and was subsequently 
raised to the original level, growth re- 
sumed immediately and at the original 
rate. The intermediate cycling at the 
low stress served only as an interruption 
in the test. 


CONCLUSION 


The propagation of fatigue cracks is a 
complex phenomenon, especially at high 
stresses where there are a large number 
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of cracks that mutually influence each 
other. Fatigue cracks, moreover, may 
give rise to entirely new cracks. These 
new cracks make their own contribution 
to the hodgepodge of overlapping stress 
fields. Under these conditions, no simple 
equation can be expected to be com- 
pletely satisfactory in describing the 
growth of fatigue cracks. The exponen- 
tial-type proposed by Bennett seems to 
be the best of those available. Fatigue 
cracks grow faster (in terms of distance 
traveled per cycle) as they grow larger. 

The rate of crack growth is not directly 
proportional to the stress. Cracks at low 
stresses propagate much more slowly 
than those at high stresses. Cracks may 
propagate at stresses even below the 
endurance limit, indicating that the 
endurance limit phenomenon is con- 
trolled primarily by factors associated 
with crack initiation rather than with 
crack growth. Much of the scatter of 
fatigue testing is related to scatter in 
crack initiation, although apparently a 
random element is also involved in 
whether a propagating crack becomes 
temporarily immobilized. 

The factors involved in the immo- 
bilization of a crack are not completely 
understood. This is especially true in the 
case of cracks 0.3 mm long which seem 
unusually prone to immobilization. 
Another point that is not fully explained 
is why cracks do not continue growing 
immediately when the test stress is re- 
duced. If these factors were completely 
understood, it might be possible to de- 
sign alloys or structures having a low 
susceptibility to fatigue crack propaga- 


tion. 


The authors express their appreciation 
to F. Keller under whose direction this 
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authors are to be congratulated on their 
very detailed and interesting set of 
observations. Could they give a refer- 
ence to, or describe their chemical 
polishing and replica techniques in more 
detail? 

Perhaps the authors’ conclusion that 
branches are always the result of join- 
ing up of cracks depends on the location 
of the crack and the type of stress field. 
Work to be reported on torsion in which 
the cracks were observed by sectioning? 
showed extensive branching but no 
evidence of cracks in advance of the 
main crack joining up with it. 

Mr. Joun A. BENNETT.*—I havea few 
questions and comments regarding the 
interesting results shown in this paper. 

The effect shown in Fig. 2 is rather 
unusual, as the plastically deformed 
region appears to be limited to the plane 
of the crack. I wonder if the authors 
could give the direction of the crack 
relative to the specimen axis; it seems 
to me that this type of deformation 
could occur only if the crack were nearly 
parallel to a plane of maximum shear 
stress. 

The branching and discontinuous 
propagation of the fatigue cracks can 
be more easily understood when one 
considers the stress field around a crack 


1 Massachusetts Institute of Technology, 
Cambridge, Mass. 

2?Frank A. McClintock, “The Growth of 
latigue Cracks under Plastic Torsion,” Inter- 
national Conference on Fatigue, Institution of 
Mechanical Engineers, London, Sept. 1956. 

3 Chief, Mechanical Metallurgy, National Bu- 
reau of Standards, Washington, D. C. 


under a tensile load. Post,‘ for example, 
showed that the maximum normal 
stresses at a given distance from the 
root of a crack do not occur directly 
ahead of the crack but at angles of 
about 65 deg to this direction. The line 
of action of these maximum tensile 
stresses is nearly perpendicular to the 
crack. Therefore, except as this stress 
pattern is modified by crystal orientation 
and plastic deformation, there are always 
two equally probable directions in which 
the next portion of the crack can occur. 

The observation that the crack growth 
stopped temporarily at a length of 0.3 
mm is surprising. I would like to ask the 
authors if this length corresponded to 
the first change in direction of the crack 
and also if both ends of the crack resumed 
growing about the same time. In this 
connection I should point out that in 
the work on steel to which the authors 
referred, I found cracks of a finite initial 
length only at relatively low stresses. 
When the stress was more than about 
10 per cent above the fatigue limit, the 
cracks were more numerous, and those 
as small as 0.1 mm could be identified 
by the technique used. 

A MemBer.—Perhaps we should 
emphasize the effect of specimen geom- 
etry and change in stress for the practi- 
cal engineers on the rate of crack growth. 
While we do not have a great deal of 
data, we have found that for cracks under 
10 mm the crack growth appeared to be 


*Daniel Post, ‘Aircraft Glazing Materials: 
Photoelastic Stress Analysis for an Edge Crack 
in a Tensile Field,”” Naval Research Laboratory 
Memorandum Report No. 175, June 1953. 
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almost linear against the number of 
cycles. Once the crack length becomes 
appreciable, it grows at an increasing 
rate. The crack cessation at 0.3 mm is 
surprising because it comes roughly at 
the size we have noted with some non- 
progressing cracks in specimens with 
holes, where they stop growing some- 
where between the range of about 0.3 
mm and 0.16 mm from the hole. Of 
course, the crack probably starts slightly 
down in the hole, and we are only ob- 
serving the surface crack. 

I would like to ask if the authors have 
observed any non-progressing cracks in 
their unnotched specimens. We have 
noted in one case a couple of very small 
ones in a polished unnotched 1015 steel 
specimen, but I suspect these are due to 
peculiar metallurgical phenomena. 

Mr. R. C. A. THurston?® (by letter) — 
The authors are to be commended for 
their continuing research into the more 
fundamental aspects of fatigue in alumi- 
num alloys and in particular for their 
intensive study of crack propagation as 
reported in the present paper. Having 
been associated with a somewhat similar 
project, the writer is aware of the count- 
less weary hours that must be spent in 
accurate measurement and recording in 
an investigation of this nature. 

Two aspects of their experimental 
results were of particular interest, the 
first being the tendency for cracks to 
stop propagating at a critical length of 
about 0.3 mm, and the second being the 
relationship between the stress and the 
logarithm of the crack doubling time. 
With regard to the former, the authors 
state that the crack continued to grow 
after several million cycles. In view of 

the S-V curves in Fig. 1, this fact would 
restrict the observations to the low 


5 Head, Engineering Physics Section, De- 
partment of Mines and Technical Surveys, 
Physical Metallurgy Div., Ottawa, Ont., Can- 
ada, 


ore 
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stress region (below 20,000 psi), where 
the endurances are of a sufficiently high 
order. Would it be correct then to say 
that no “halting” cracks were observed 
at the higher stresses? Furthermore, 
have the authors any _ information 
concerning the grain size of the material? 

As regards the second point, the 
authors found that cracks formed above 
the endurance limit propagated at lower 
stresses at rates that were simple 
extrapolations of the rates above the 
limit. Frost® and Phillips,’ on the other 
hand, found no evidence of continuous 
slow crack growth at stresses below the 
endurance limit, and in fact no apparent 
growth up to within a few thousand 
cycles of complete failure. 

Their materials were two steels and a 
72,000-psi aluminum alloy (L65), water 
quenched and aged. In addition they 
reported that if the nominal stress 
applied to a precracked specimen was 
reassessed on the basis of the reduced 
cross-section and the unsymmetrical 
loading conditions, the values obtained 
plotted relatively smoothly on a new 
S-N curve. The endurance limit of the 
precracked material as determined from 
this curve, was about 20 per cent of the 
ultimate tensile strength in each case. 
Applying this result to the authors’ 
principal material gives an estimated 
endurance limit for the cracked speci- 
mens of + 8900 psi. One of their speci- 
mens with a crack about 0.33 in. long 
was tested below the normal endurance 
limit at a stress of 6000 psi and showed 
no sign of crack extension after 65 X 10° 
cycles. If the stress is reassessed along 


E. Frost, “Crack Formation and Stress 
Concentration Effects in Direct Stress Fatigue,” 
Engineer, Vol. 200, pp. 464-467, 501-503 (1955). 

7 Reference (5) of paper. See also: E. Kilbride 
and C. E. Phillips, ‘‘Researches on Fatigue of 
Metals at Mechanical Engineering Research 
Laboratory,” Transactions Inst. of Eng. and 
Shipbuilders in Scotland, Vol. 99, pp. 173-192 


(1955-1956). 
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the lines mentioned above, a reasonable 
approximation would be 8300 psi and 
the behavior of the specimen is thus in 
line with what might be predicted from 
the work of Frost and Phillips. Subse- 
quently the stress was raised to a nominal 
value of 9000 psi reassessed at 12,500 
psi and the crack began propagating, 
presumably to failure as would be ex- 
pected. 

It would be interesting to know if the 
authors have any additional results 
which might help to prove or disprove 
the foregoing hypothesis. 

Messrs. M. S. HUNTER AND W. G. 
FrIcKE, JR. (authors’ closure) —Chemi- 
cal polishing of the specimens used in 
this investigation was performed using 
the Alcoa R5 bright dip process. This is 
a patented process involving a mixed 
acid reagent, and licensed by the Alumi- 
num Company of America. 

Faxfilm, a former product of the Brush 
Development Co, was used as the replica 
material. A plastic tape, when moistened 
by the solvent provided, assumes the 
contour of the specimen surface. The 
replication is extremely good and suitable 
for the production of electron microscope 
replicas if desired. 

It should be reemphasized that this 
investigation treated only of the spread 
of fatigue cracks as seen at the surface 
of the specimens. Nothing in the paper 
should be construed as indicating mech- 
anisms of growth beneath the surface. 
It is therefore not surprising that 
McClintock’s sectioning experiments dis- 
closed no evidence of cracks forming in 
advance of a deepening crack. 

In response to Mr. Bennett’s question 
concerning the direction of the stress 
relative to the crack shown in Fig. 2 of 
the paper, it will be noted that there are 
a series of parallel diagonal lines in the 
photograph. These are minor circum- 
ferential scratches. The angle in the sur- 
face plane between the direction of the 
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crack and the nominal direction of stress 
is 40 deg. A faint line in this figure which 
lies at an angle of 27 deg to the crack 
(67 deg to the stress) has the appearance 
of a plastically deformed region on the 
verge of becoming a branch crack. Such 
extreme cases of plastic deformation 
were found only in a few specimens of 
X7375 aluminum alloy. 

The existence of hesitating or non- 
propagating cracks is an_ interesting 
phenomenon.. Perhaps several types 
should be differentiated. One is the type 
described by Frost,® Phillips,’ or one of 
the present discussers where a crack 
originates in a stress raiser such as a 
notch or hole and stops growing when 
its tip passes out of the “field” of the 
stress raiser. This type is not described 
in the present paper. A second case of 
interrupted growth occurs when the 
stress on a propagating crack is suddenly 
reduced. It has been thus far assumed 
that the failure of the preexisting cracks 
in Phillips’ specimens to grow until 
shortly before failure was closely analo- 
gous to our observation of the long 
periods of time elapsing before the cracks 
in precracked specimens resumed grow- 
ing at the rate typical of the new stress. 

The third case of interrupted propaga- 
tion is probably the most interesting of 
all. This is the case where small cracks 
halt temporarily in their growth upon 
reaching a rather critical size range. 
Little can be advanced as yet to account 
for the phenomenon. Because the crack 
has changed direction several times 
before it reaches immobilization size, 
Mr. Bennett’s suggestion is inapplicable. 
Likewise, Mr. Thurston’s suggestion of 
a correspondence between grain size and 
critical length seems unlikely because the 
immobilized crack extends across roughly 
five grains. (In the material used, the 
average grain dimension was 0.091 mm 
for all directions but 0.067 mm in the 
direction perpendicular to the stress.) 
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One possible explanation which we have 
as yet been unable to investigate is that 
the initial, subcritical cracks are aided 
in their formation by the vibrations 
occasioned by minor inescapable mis- 
alignments of the specimen in the test- 
ing machine. Once cracks have grown 
to critical size, the inherent surges are 
smoothed out by the presence of the 
cracks themselves so that continued 
growth must depend on the normal 
fatigue process. 

The length of time during which the 
cracks become immobilized varies from 
10° cycles at 20,000 psi to 10’ cycles at 
stressses slightly above the endurance 
limit. At higher stresses, the hesitation 
times are so short that they become 
difficult to measure and, moreover, they 
consume only a minor portion of the 
fatigue life. This again is in line with 
Mr. Bennett’s observation that cracks 
with finite initial length are found only 
at low stresses. Once the immobilized 
crack resumes growing, it starts propa- 
gating from both ends almost simultane- 
ously. 

The question as to how the stress 
distribution within a specimen changes 
as fatigue cracks are initiated and grow 
is difficult to answer. One does not 
know, for example, if a crack will sup- 
port a compressive stress across it or, 
even, if the ruptured material loses all 


DISCUSSION ON FATIGUE CRACK PROPAGATION IN ALUMINUM : T 


of its ability to support a tensile load. 
The situation is complicated, moreover, 
by differences in testing loads. At low 
test stresses, one dominant crack is 
formed which, as it grows, causes the 
neutral bending plane to shift away from 
the original specimen axis and probably 
to oscillate as the specimen rotates. At 
high stresses, on the other hand, cracks 
quickly form at many points around the 
circumference so that the neutral plane 
is little disturbed and only the effective 
cross-sectional area changes. 

In light of these complications, it is 
rather surprising that crack geometry 
did not affect our test results more than 
it did. It was, in fact, found that 
cracks did not change their initial rate 
of propagation, which was ordained when 
their size could hardly have affected the 
loading distribution, until they grew to 
such size as to interact with their neigh- 
bors. The only effect noted was that in 
specimens containing only one dominant 
crack a sudden acceleration of growth 
was sometimes noted when the crack 
reached huge proportions, say occupying 
half of the circumference. 

At the present time, we have no 
additional information concerning Mr. 
Thurston’s calculations as to the location 
of the endurance limit for the precracked 
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THE NOTCHED FATIGUE PROPERTIES OF SOME TITANIUM ALLOYS* 


By A. W. DemMLer, Jr.,! M. J. Sinnott,’ anp L. THOMASSEN? 


SYNOPSIS 


A study has been made of the notched rotating-beam fatigue life charac- 
teristics of three commercial titanivm alloys: Ti-75A, RC-130B, and RC-A- 
110AT, and two experimental alloys: 6 per cent aluminum (an all-alpha 
alloy) and 30 per cent molybdenum (an all-beta alloy). The influence of vari- 
ous notch shapes and of different means of preparing these notches has 
been evaluated. Machined notches decrease the fatigue properties less than 
would be predicted by Kz, the theoretical stress concentration factor. Rolling 
the notch after machining appears to remove the strength reduction effect 
of the notches. Ground notches produce reductions in strength equal to or 
greater than those which would be predicted by Kr. 


The present investigation extends the 
work previously reported on the fatigue 
properties of titanium alloys in the un- 
notched condition to the properties of 
these same alloys in the notched condi- 
tion (1).2 Various types of notches of 
different severity were tested with the 
additional parameter of the method of 
notch preparation also being investi- 
gated. A replicate testing procedure was 
followed in this work in order to obtain 
a more reliable estimate of the fatigue 
life characteristics. 


Test MATERIALS AND TEST SPECIMEN 
PREPARATION 


Table I lists the analyses of the various 
alloys used in this investigation. With 
the exception of the heats labeled all- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

‘Research Engineer, Physical Metallurgy 
Division, Aleoa Research Labs., Aluminum 
Company of America, New Kensington, Pa. 

* Professor of Metallurgical Engineering, 
Univ. of Michigan, Ann Arbor, Mich. 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1060. 


alpha and all-beta the materials used 
were commercial heats of titanium alloys. 

The test specimens were made from 3 or 
3 in. round stock supplied in the hot- 
rolled or swaged and annealed condition. 
All materials at some time prior to test- 
ing were given an additional anneal at 
1450 F in argon to remove any residual 
stresses that may have been present in 
the as-received stock. Tests made previ- 
ously showed that there were no signifi- 
cant variations between or within bars 
of a given heat, so variations from this 
source may be neglected (1). 

Table II lists the mechanical proper- 
ties of the various alloys that were 
tested. Microstructural examination 
showed no significant differences between 
different heats of the same alloy. 


Test Specimen Preparation: 


All the fatigue testing was carried out 
on rotating beam R. R. Moore type ma- 
chines. The different types of test speci- 
mens that were used are shown in Figs. — 
1 to 7. The specimen as shown in Fig. 1 
was prepared by machining the test 
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specimens to within 0.005 in. of the final 
dimensions, annealing for } hr in argon 
at 1450 F, then hand finishing with 
metallographic papers through No. 000 
grit to the final dimensions. This surface 
finish was taken as the unnotched sur- 
face and the notched fatigue life values 


TABLE I.—CH 


DEMMLER, SINNOTT, AND THOMASSEN 


EMICAL ANALYSES OF ALLOYS, PER CENT BY WEIGHT. 


= 


In some specimens, Figs. 5 and 6, the 
diameter of the main cylindrical section 
of the specimen was reduced to decrease 
the fretting corrosion at the mouth of 
the female taper as well as to prevent 
certain spurious results in the form of 
cracking near this point. 


Material Heat Number pa 
M-270.......| 0.04 to 0.10 
0.07 
RC-130B........ | B-3413....... 0.1 0.08 
0.1 0.04 
RC-A-110AT....| R-30314...... 


All-Alpha........| ..... 0.06 (0.035, ... 
All-Beta _ Saree 0.016 0.069 Molybdenum 29.88 
6188........| 0.011 (0.065 Molybdenum 30.17 


Carbon |Nitro- 


0.1 0.05 


| 
Tron Hydrogen Manganese 
| | num 
‘0.20 0.01 | 0.02 to 0.05 (Oxygen 
| = 0.20)... 
| 3.9 3.9 
4.4 


TABLE II.—MECHANICAL PROPERTIES OF ALLOYS.* 


Material Heat Number 
RC-130B. .. 

RC-130B%............ 


Proportional 


Tensile Elongation in| Reduction of 


Limit, psi? | Strength, psi in., per per cent 
47 900 84 300 | 27.3 42.0 
119 000 160000 | 18.0 47.0 
138 000 148 000 |= 18.7 46.0 
124 000 138 000 | 16.0 40.0 
81 900 131 500 10.1 33.5 
112 000 128 750 7.8 33.2 
110 000 120 000° 2.0¢ 1.0¢° 
158 0004 186 0004 | 2.84 | 1.04 


* Duplicate tests. Test specimen diameter, 0.438 in. 


> SR-4 strain gages used. 
_ © Fracture in gage marks. Single test. 


4 Water quenched from 1550 F, tempered 2 hr at 700 F (fracture in the gage marks). 


were compared to this as a standard. 
The specimens shown in Figs. 2 to 6 are 
V-, square-, and radius-notch specimens. 
The notch shapes are the same in this 
group of specimens, but the minimum 
diameter of the test specimen was 


varied. This was found to be necessary 
in order to be able to apply sufficient 
stress to the specimens in order to pro- 
duce fracture at the stress levels used. 


The notched portions of the machined 
V-, square-, or radius-notch specimens 
labeled VM, SM, or OM, were machined 
to within 0.010 in. of their final size, 
annealed in argon at 1450 F for hr, 
then finish machined with a pre-con- 
toured tool. The notches prepared by 
diamond grinding (DG) had been, prior 
to annealing, machined to 0.007 in. 
greater than the final diameter. These 
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specimens were forwarded to a commer- 
cial diamond grinding shop for finishing. 
Light feeds were used, and an excellent 
finish and dimensions were obtained in 
this process. The diamond grinding was 
thought to be necessary since early 
attempts at grinding using the conven- 
tional aloxite or silicon carbide wheels 
were unsuccessful. Later a technique was 
developed for grinding with an aloxite 
type A80V2BT wheel. For this grinding, 


Taper 2 FT 


DRILL 5 
Tap y- 20 


RELIEVE 0.001" 


Fic. 1.—Unnotched Fatigue Test Specimen. 


0.300" 


©.010"ROOT RADIUS 


Fic. 2.—60 deg V-Notch Fatigue Test Specimen. _ 
0.400° 


0.300% 


| 16 


0.010" ROOT RADIUS 


Fic. 3.—Square-Notch Fatigue Test Specimen. 


a 6-in. diameter wheel rotating at 5200 
rpm counter-clockwise was fed to the 
work in steps of 0.001 in. The work ro- 
tated clockwise at a speed of 1100 rpm. 
Afton No. 8 oil of the Tidewater Oil Co. 
was used as a coolant. This grinding 
operation (CG) produced a good surface 
and root radius on the notches with very 
slight wheel wear. 

Most of the notch specimens were 
checked against a prepared template 
with a micro-projector in order to insure 
that the root radii of the notches were 
maintained. In no case did the root 
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radius appear to be in error by as much 
as 0.001 in. 

Since the previous work had shown 
that shot-peening the surfaces of the 
unnotched specimens improved the 
fatigue properties, it was believed that a 
surface rolling of the V-notched speci- 
mens would improve the notch fatigue 
strength of these same alloys. For this 
purpose, annealed machined notch speci- 
mens, 0.005 in. oversize in the notch, 


Fic. 4.—Radius-Notch Fatigue Test Specimen. 


mae" -0.010" ROOT RADIUS 
= = i 


0.250" 


he 60” 


Fic. 5.—Reduced Diameter V-Notch Fatigue 


Test Specimen. 


0.010" ROOT RADIUS 


Fic. 6.—Reduced Diameter Square-Notch 
Fatigue Test Specimen. 


were rolled by adapting a pipe cutting 
tool in such a manner that the cutting 
tool would roll the notch to the finished 
size and shape. Notches prepared in this 
fashion are reported as rolled notches 
(VR). 

Since the surface rolling improved the 
fatigue life characteristics of the alloys, 
a still more severe rolling operation was 


used to produce a V-notch on the RC- © 
130B alloy. The specimens, shown in > 
Fig. 7, were machined as cylinders with — 


no premachining of the notch. The notch 
was then rolled directly to size using the 
contoured pipe-cutting tool. In both this 
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0.250") 0.010" ROOT RADIUS 
- 0.150" 


Fic. 7.—Heavy- V- Test 


Specimen. 
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Ky = 2.4, 
T 


TABLE III.—SUM 


operation and in the lighter rolling opera- 
tions, no difficulty was encountered in 
producing these notches and in main- 
taining the root radius. Surfaces were 
good with some slight surface checking 
occurring, particularly in the alloys. 


MARY OF FATIGUE TESTS. 


Material 


Test Surface® 


Speed of 


Number of 
Testing, rpm 


Stress Levels 


Number of 


Specimens Specimen Type 


Ti-75A 
M-270 


1 800 24 4 No.1. 
10 000 36 6 No. 1 
6 000 15 5 No. 2 
6 000 15 5 No. 3 
6 000 18 7 No. 4 
6 000 12 5 No. 5 
6 000 12 4 No. 2 


RC-130B 


B-3413 HF 6 000 18 4 No. 1 
vM 6 000 15 5 No. 2 
SM 6 000 14 5 No. 3 
OM 6 000 14 5 No. 4 
Q and T, VM 6 000 15 5 No. 2 
Q and T, SM 6 000 13 5 No. 3 
Q and T, OM 6 000 5 3 No. 4 
B-5331 HF 6 000 12 6 No. 1 
Q and T, HF 6 000 9 3 No. 1 
VR 6 000 15 6 No. 5 
VHR 6 000 13 6 No. 7 
VDG 6 000 14 6 No. 2 
VCG 6 000 14 5 No. 5 
SCG : 5 No. 6 


RC-A-LIOAT 
R-30314 HF 6 000 13 5 No. 1 
VM 6 000 15 7 No. 2 
SM 6 000 14 4 No. 3 
VR 6 000 14 6 No. 5 
VDG 6 000 14 5 No. 2 
SCG 6 000 13 4 No. 6 
Alpha HF 6 000 16 6 No. 1 
‘ VM 6 000 15 5 No. 5 
SM 6 000 15 5 No. 6 
VR 6 000 13 6 No. 5 
VCG 6 000 15 5 No. 5 


Beta 


6188 and 6189 


HF 
VM 
SM 
VR 


6 000 11 6 No. 1 
6 000 12 6 No. 5 
6 000 11 4 No. 6 


Hand finished. 
Machined V. 
Machined square. 


Machined radius. — 


Rolled V. 
Heavily rolled V. 


Q and T Juenched and tempered. 


( 
Diamond ground V. 


VDG = 

SDG = Diamond ground square. 
VCG = Commercially ground V. 
SCG = Commercially ground square. 


j 
i | 
= 
| HF 

j SM 

OM 

VR 
VDG 
|. 

> 
| 
VM 
OM 
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On NOTCHED FATIGUE OF TITANIUM ALLOYS 


The notch types investigated on each 
alloy, the number of stress levels investi- 
gated, and the numbers of specimens 
used to determine the S-N curve for each 
type of notch are listed in Table III. 


Notch Characteristics: 


There are three common ways of de- 
scribing the notch fatigue characteristics 
of a material (2). The first is by the use 
of the theoretical stress-concentration 
factor, Kr. This describes for an ideal, 
homogeneous, isotropic, and elastic ma- 
terial the ratio of the maximum local 
stress to the nominal stress. The values 


Cycles to Failure 


Fic. 8.—Fatigue Data, Ti-75A, Heat M-270, 
Diamond Ground V-Notch (VDG). 


are obtained from theory and photoelas- 
tic studies. Another method of de- 
scribing the effect of a notch on the 
fatigue preoperties is to use what is 
termed the fatigue reduction factor, K;. 
This is numerically equal to the ratio of 
the fatigue strength of an unnotched 
specimen at N cycles of stress to the 
fatigue strength of a notched specimen 
at V cycles of stress. It will be noted 
that Ky can vary with fatigue life while 
Kr is a constant depending only on the 
shape of the specimen. It has been gen- 
erally noted that K; < Kr. A third 
method of describing notch sensitivity is 
the use of a g index. g is defined as equal 
to (Ky — 1)/(Kr — 1). With this cri- 
terion, a notch not resulting in any 
strength reduction will make g = 0. 


1055 


Similarly, if K; 2 Kr, then g 2 1.0. 
The Ky values for the various specimens 
are shown in the sketches of the speci- 
mens and have been taken from the 


literature (3, 4). 
Fatigue Testing: 


Identical tests made on each of five 
R. R. Moore fatigue machines showed 
that there was no significant difference 
between the performance of the various 
units. The majority of the specimens 
were run at a speed of 6000 rpm. Previ- 
ous work had shown that the effect of 
speed of testing in the range from 1800 


Cycles to Failure 


Fic. 9.—Fatigue Data, RC-130B, Heat Bb- 
5331, Square Notch, Commercially Ground 
(CG). 


to 10,000 rpm had only a slight effect on 
the fatigue life characteristics. 


EXPERIMENTAL RESULTS 


In general, three replicate tests were 
made at each of five stress levels for each 
notch type studied in a particular alloy. 
As in the previous paper, an attempt was 
made to space these stress levels in such 
a manner as to obtain fatigue life values 
between 10‘ and 10’ cycles. In some of 
the experimental heats only duplicate 
tests were made because of the lack of 
sufficient stock. Table III lists the num- 
ber of test specimens and stress levels 
investigated for each notch and alloy 
type. 

Figures 8 and 9 are typical stress- 
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Cycles to Failure 
Fic. 10.—Summary Graphs of Fatigue Data, 


Ti-75A,HeatM-270. 
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100000 


Cycles to Failure 


Fic. 11.—Summary Graphs of Fatigue Data, 
RC-130B Alloy, Heat B-3413. 
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Fic. 13.—Summary Graphs of Fatigue Data, 
RC-A-110AT Alloy. 
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cycles of stress data obtained in the 
testing program. The data at the higher 
stress levels appear to be more closely 
grouped about the mean than at lower 
levels. In determining the mean values 
of a group, a log-normal distribution of 
cycles to failure was assumed in view of 
the other findings on the statistical 


| 


Cycles to Failure 


Fic. 14.—Summary Graphs of Fatigue Data 
for All-Alpha Alloy. 


nature of fatigue (5). The standard devia- 
tion from the mean is that of the universe 
and is computed by methods outlined in 
standard texts on statistics (6). 

Figures 10 to 15 summarize the data 
of this research and show curves of best 
fit through the mean values as deter- 
mined from the data presented in curves 
similar to those shown in Figs. 8 and 9. 
As such, these curves represent the best 
approximation to the S-N curve which 
would result from testing a universe of 
specimens rather than a sample of 


thirty or less which has been tested. 
While the curves represent the mean 
fatigue life, the curve as it approaches 
10’ cycles of stress is an estimate of the 
endurance limit of the alloy. This latter 
value is extrapolated slightly in a number 
of cases, although it has frequently been 
determined by three run-outs. With 
tests of the type outlined, the value of 


120000 


100000 


NK 

10° 


Cycles to Failure 
Fic. 15.—Summary Graphs of Fatigue Data, 
All-Beta Alloy. 


the endurance limit could not be satis- 
factorily determined statistically. It is 
expected that any small errors made in 
the extrapolation of the strengths at 107 
cycles have been made on the low or 
safe side for the material studied. This 
procedure has been continued in order to 
maintain the continuity with the previ- 
ous paper (1). 


DISCUSSION 


Figure 10 shows the S-N curves for the | 
unnotched and notched specimens of 
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Ti-75A. The absence of any strength re- 
duction effect caused by surface rolling 
the machined V-notch is quite noticeable. 
The machined radius notch specimens 
have properties quite similar to the un- 
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TABLE IV. 


AND NOTCH SENSITIVITY INDICES. 


The summary curves of Fig. 11 


-FATIGUE STRENGTH REDUCTION FACTORS 


130B. Some of this stock 
treated at 1550 F, water quenched, then 
tempered at 700 F for 1 hr prior to 


was heat 


are 
for machined notch specimens of RC- 


RC-A-110AT........ 


3.2 2. 
2 3. 
1.05 
4 1.10 
6.86 
8 1.70 
| 
2.8 1.53 1.66 
2.5 2.81 4.56 
1.4 1.21 1.42 
(Qand T)......... 1.4 | 1.23 


0 0. 0. 
Sees 3 2. 3. 
5 2. 3. 
.0 1.86 2.25 
| 2.62 4.10 
pn .0 2. 3. 
0 0. 0. 
5 1 2. 


cS ors 


K; q 
Alloy Notch Type Kr 
105 cycles ; 107 cycles | 105 cycles 
(VM...........00.. | 3.2 | 1.95 | 2.41 | 0.43 
VR............... 3.0 | 0.79 | 0.81 | —0.10 
rr VDG 3.2 | 1.91 2.62 0.41 
2.8 1.88 2.36 0.49 
1.4 1.05 0.96 0.12 
eee | 3.2 2.14 2.38 0.52 


0. 
—0. 
0. 
0. 
0. 
—0. 


10? cycles 


64 
09 
74 
76 


71 


10 


given stress level. 


notched specimens. The machined V- 
and square-notch specimens had quite 
similar fatigue lives when compared 
with the diamond-ground notches of the 
same type, although the actual data for 
the diamond-ground specimens showed 
less variation about the mean value at a 


machining. The purpose of this treat- 
ment was to change the structure from a 
75-25 per cent alpha-beta structure to a 
50-50 per cent alpha-beta structure. 
From the data it will be noted that this 
treatment did not change to any marked 
degree the fatigue life characteristics as 
compared to the annealed material, al- 


f 
|_| 
= 
4 | 0.64 
6 | 0.25 
0.07 
0 | 2.93 
ai RC 1308 | 0.39 
0.37 
2.37 
| 
0.48 | 0.79 
—0.13 | -—0.11 
0.69 1.12 
0.31 0.43 
0.81 | 1.79 
0.43 | 0.62 
—0.14 | —0.15 
| 0.47 0.73 
iy 0.68 1.48 
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On NotcHeD FATIGUE 

though such a treatment markedly im- 

proves the tensile properties. 

igure 12 shows the S-.\V data for the 
rolled and ground notch specimens of 
RC-130B. It will be noted that the rolling 
is more effective at the higher stress 
levels of the fatigue life curves and that 
a light surface rolling is as effective as 
the very heavy rolling operation. This 
would seem to indicate that the surface 
stresses are more important in removing 
or minimizing strength reduction than 
the subsurface stresses. The ground notch 
specimens all show a marked notch 
sensitivity. 

The data of Fig. 13 for the RC-A 
110AT alloy, Fig. 14 for the all-alpha 
alloy, and Fig. 15 for the all-beta alloy 
show the same trends as those developed 
in the Ti-75A and RC-130B alloys. 

The values of Ky as taken from the 
literature and K; and g as computed from 
the experimental data of Figs. 10 to 15 
are listed in Table IV. 

The values of Ky, as might be ex- 
pected, are a function of V, the number 
of cycles of stress. In every case the 
value of Ky is greater, the greater is the 
value of .V. In only a few cases, gen- 
erally the ground notches and the ma- 
chined notches on the all-beta alloy, do 
the values of Ky exceed Kr. 

While not all notch types were investi- 
gated on each alloy, the data are suff- 
cient to permit certain general state- 
ments. The surface rolling and heavy 
rolling of the notches on the various 
alloys appears to remove practically all 
strength reduction. It is only in the RC- 
130B that some trace of strength reduc- 
tion remains and this is very slight. The 
rolling operations have evidently cold 
worked the root area of the notch to such 
a degree that in practically every case 
the notched specimens have superior 
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fatigue properties to the unnotched 
specimens. The machined notches 
showed values of A; that approached Ky 
at the longer cycles to failure periods. 
Here again, the properties are a reflec- 
tion of the state of the metal in the root 
of the notch since machining produces 
residual compressive stresses which 
would tend to strengthen the root areas. 
Grinding, on the other hand, usually 
produces residual tensile stresses al- 
though the sense and magnitude of these 
stresses has been found to be a variable, 
depending almost entirely upon the 
grinding methods used. If tensile stresses 
are present then one generally would ex- 
pect Ky; values to be greater than Kr. 
Such seems to be the case in the alloys 
tested since, with the exception of the 
Ti-75A alloy, the Ay values are greater 
than the K, values. In general, diamond 
grinding appears to be less severe than 
the aloxite grinding. 


CONCLUSIONS 


Machined notches decrease the fatigue 
life properties of titanium alloys but not 
to the extent predicted by K7, the theo- 
retical stress concentration factor. 

A rolled notch appears to remove any 
strength reduction effect from the alloys 
tested. A light rolling operation is as 
effective as a heavy rolling operation. 

Ground notches produce reductions in 
fatigue strength which are greater than 
those predicted by Kr probably because 
of residual stresses or surface discon- 


tinuities. 


The authors acknowledge the support 
of the major portion of this investigation 
by the Materials Laboratory of Wright 
Air Development Center under Contract 
AF 33 (616)-26. 
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Mr. G. M. Srncvair.'—As mentioned 
in the paper, work of a somewhat similar 
nature was carried out at the University 
of Illinois as a part of a study on the 
effect of surface finish on fatigue strength 
of titanium alloys.? The measuring tech- 
niques and conclusions differed somewhat 
from those reported in the present paper 
and may, therefore, be of interest. Since 
the primary interest resided in fatigue 
limit rather than finite fatigue life, the 
staircase statistical method in testing 
was employed, defining as a “run out,” 
specimens which survived twenty million 
cycles or more. 

Briefly, through the use of microhard- 
ness measuring techniques, it was found 
that the various finishing methods stud- 
ied such as surface cold rolling, me- 
chanically polishing with emery, grind- 
ing, etc. introduced varying degrees and 
varying depths of cold work in the sur- 
face layers of the metal. Within the 
microhardness -range of 300 to 500 
Knoop*® the fatigue limit of groups of 
smooth bar specimens having different 
surface finishes was found to be almost 
linearly related to the hardness of the 
surface layers produced by the finishing 
process while the influence of surface 

1 Associate Professor of Theoretical and Ap- 
-_ Mechanics, University of Illinois, Urbana, 

2 G. M. Sinclair, H. T. Corten, and T. J. 
Dolan, ‘‘Effect of Surface Finish on the Fatigue 
Strength of RC 130B and Ti 140A Titanium 
Alloys,” Paper No. 55-A-197, Am. Soc. Mechani- 
cal Engrs., Nov. 1955. 


3See Tukon Tester, Metals Handbook, Am. 
Soc. for Metals, p. 96 (1948). 
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roughness and residual stress appeared to 
be relatively small. 

In determining the effect of a notch 
on the fatigue behavior of these ma- 
terials, it appeared that comparisons 
between notched bar and smooth bar 
results would, of necessity, have to be 
made for specimens having the same 
type of surface preparation (that is, 
ground smooth bar versus ground notch 
bar, etc.). When the fatigue strength 
reduction factors Ky were calculated on 
this basis for the various types of 
notches, the values were found to be 
equal to or slightly less than the theo- 
retical stress concentration factors Kr 
determined from Neuber’s relation. 

Mr. A. W. DEMMLER, JR. (author).— 
Had the requisite time and machines 
been available, it would have been desir- 
able to run to a somewhat larger number 
of cycles than 10’. It would also have 
been interesting, had there been sufficient 
specimens, to have used a staircase 
analysis for determination of the fatigue 
limit. However, while the object of the 
University of Illinois investigation was 
the determination of the fatigue limit, 
that of the University of Michigan study 
was the finite life region of the curve. 

The hand-finished, unnotched speci- 
mens were chosen as a base line for cal- 
culations of notch effects due to the 
difficulty of obtaining comparable 
notched and unnotched surfaces for 
certain of the preparations. For example, 
it would have been extremely difficult to 
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obtain an unnotched, circumferentially greatly increased number of tests would 
rolled specimen for comparison purposes. have been required, it is hoped that the 
While it might have been desirable to form in which the data of this paper have 
have this type of data, even though a _ been presented will prove to be of use. 
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ALLOY IN DIRECT TENSILE FATIGUE AT 


TEMPERATURES* 
By CHARLES A. HOFFMAN! 


ELEVATED 


SYNOPSIS 


An investigation was conducted to evaluate the tensile fatigue behavior of 
wrought AMS 5765A (S-816) alloy. Temperatures of 1200, 1500, and 1600 F 
were investigated. At each temperature, three mean stress levels were investi- 
gated to give lives of approximately 10, 100, and 1000 hr at zero cyclic stress. 
At each condition of temperature and mean stress, direct tension cyclic stresses 
were superimposed upon the mean stress up to a maximum of approximately 
98 per cent of the mean stress. 

Because the stress conditions in these tests are similar to those in gas turbine 
blades in service, a study of the appearance of the failure area of specimens 
(fracture surfaces, ductility, etc.) under the various test conditions was con- 
ducted as an aid in the interpretation of service failures. In addition, micro- 
graphic studies were made to provide some insight into the relation of the 


fracture path to crystallographic features of this alloy. 


The stresses in a turbo-jet turbine 
blade include centrifugal stress and super- 
imposed vibratory and thermal stresses. 
The lives of turbine blades may be con- 
siderably less than might be expected on 
the basis of stress-rupture alone because 
of the presence of the vibratory stress. 

In the analysis of service failures, the 
appearance of the fracture is usually 
used to indicate the cause of fracture. 
Vibratory stress is expected to cause 
the fracture to exhibit an appearance 
characteristic of fatigue and thereby 
suggest that fatigue has been a factor 
in causing blade failure. The appear- 
ance of a blade failure per se, however, 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Lewis Flight Propulsion Laboratory, Na- 
tional Advisory Committee for Aeronautics, 
Cleveland, Ohio. 


is not necessarily conclusive evidence 
of the effect of vibratory stress on ob- 
served blade life. As an example, the 
data of Ferguson (1)? indicated that 
for the condition of mean stress and 
temperature investigated (22,000 psi 
and 1500 F respectively—these con- 
ditions approximate those existing at 
the failure zone of blades in a cur- 
rent turbo-jet engine), superimposed 
vibratory stress (to +15,000 psi) caused 
lowered life, and given amounts caused 
either fatigue-type failure in the case 
of some alloys or caused stress-rupture 
appearing failures in the case of other 
alloys. For a given alloy, failure ap- 
pearance was generally a function 
of amount of vibratory stress. Hence, 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1079. 
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failure appearance and time to failure 
under vibratory stress are probably func- 
tions of alloy and of stress and temper- 
ature. 

An investigation was conducted at the 
NACA Lewis laboratory to evaluate the 
elevated temperature fatigue behavior of 
a widely used wrought blade alloy, AMS 
5765A (S-816), in tensile fatigue (vibra- 
tory tensile stress superimposed on a 


Fic. 1.—Wrought S-816 Structure After 
Heat Treatment, Prior to Testing. Electro- 
lytically etched with 5 per cent solution of 
H,SO, in 90 to 95 per cent boric acid (X 250). 


mean tensile stress). Because blade 
failure appearance per se might not 
indicate the effect of vibratory stress on 
engine blade failure time, macroscopic 
observations were made of the failures 
in relation to mean stress, temperature, 
vibratory stress, and time to failure to 
aid in the interpretation of service fail- 
ures. In addition, metallographic studies 
were made to provide some insight into 
the relation of fracture path to crystallo- 
graphic features of the alloy at elevated 
temperature. The effects of cyclic vibra- 
tory stress upon reduction in area and 
hardness at failure were investigated. 
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MATERIAL AND SPECIMEN 


The material used was wrought S-816 
of the following composition, in per cent: 


The material was solution treated for 1 
hr at 2150 F and water quenched, then 
aged for 16 hr at 1400 F and air cooled. 
The hardness after heat treatment was 
25 to 26 Rockwell C (63 to 63.5 Rock- 
well A). The structure after heat treat- 
ment is illustrated in Fig. 1. The grain 
size was in the range of ASTM No. 4-5. 
The surface finish on the specimen, Fig. 
2, test section was 5 to 10 microinches, 
both longitudinally and circumferen- 
tially. The final polishing was in the 
longitudinal direction. 


APPARATUS AND PROCEDURE _ 
Fatigue Machines: 


Commercial fatigue machines (Fig. 
3) were used. The load was applied to the 
specimen in direct tension by a load 
lever arm pivoted at one end in such a 
manner that essentially only vertical 
motion was transmitted to the specimen. 
The load lever arm was attached at its 
other end to an adjustable cam. A hy- 
draulic piston and the adjustable cam 
were used to adjust the maximum and 
minimum stresses in the specimen. The 
maximum and minimum stresses were 
determined by the deflection of the 
calibrated load lever arm. A deflection 
bar, which is shown in the storage posi- 


| 
‘ungste! — 
‘obalt .. 42.02 
: b. x5 Coppe 0.09 
: 


tion in Fig. 3, was placed on the load 
lever arm to measure deflections. 
Changes in the maximum and minimum 
deflections of the load lever arm during 
operation caused contacts, positioned 
above and below the lever arm, to be 
struck, which in turn actuated an elec- 
trohydraulic system to restore the de- 
sired loads. The duration of test for the 
specimens was indicated by electric 


0.250+£0.002 Diam 
Fic. 2.—Fatigue Specimen. | 


time meters, which were automatically 
shut off upon failure of the specimens. 


Temperature C 


The specimens were heated by re- 
sistance electric furnaces. Two couples 
were attached, one near either extremity 
of the specimen test sections. The upper 
(control) couple was maintained within 
+5 F of the desired temperature; the 
lower couple was used for checks of tem- 
perature uniformity. 


Evaluation Procedure: 


Three temperatures—1200, 1500, and 
1600 F—were used in this study. Stress- 
rupture data were first obtained, and 
from these data, mean stresses were 
selected to yield failure times at each 
temperature of approximately 10, 100, 
and 1000 hr with zero cyclic stress. 
Cyclic tensile stresses up to a maximum 
of approximately 98 per cent of the mean 
stresses were superimposed upon these 
mean stresses, usually in increments of 
+2500 psi. The cyclic stresses were ap- 


FLEXURE 


— 


plied at 2000 cpm. The criterion of 
specimen failure was complete fracture. 

The specimens were brought to tem- 
perature in 1 to 1} hr and were allowed 
to soak for about 2 hr prior to initiation 
of test. About } hr was required to ad- 
just the load on the specimens. Checks 
were made to insure that the load settings 


HYDRAULIC PISTON 


PIVOTS——T__ 


Fic. 3.—Direct Tensile Stress Fatigue 
Machine. 


and temperatures were properly main- 
tained. 


Metallographic Studies: 


The fractured specimens were exam- 
ined macroscopically at magnifications 
up to 20X and were classified according 
to type of failure as follows: 

1. Stress-rupture. 

2. Fatigue. 

3. Stress-rupture plus fatigue. 
Specimens that failed with zero vibra- 
tory stress were, by definition, of the 
stress-rupture type. Specimens run in 
combined stress and having failures re- 
sembling those obtained in static stress- 
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rupture tests at corresponding mean 
stresses and temperatures were classified 
as stress-rupture failures. The macrochar- 
acteristics of stress-rupture failure speci- 
mens are considered subsequently. Speci- 
mens were classified as fatigue failures 
when a large smooth facet, approxi- 
mately 90 deg to the applied load, ap- 
peared in the fracture; adjacent to the 
facet was a zone resembling the fracture 
surface obtained in a tension test. 
Specimens having a fatigue facet and an 
adjacent area resembling that obtained 
in a stress-rupture test were identified 
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(1) Intergranular fracture, defined as 
one occurring along the boundary be- 
tween grains. 

(2) Transgranular-shear fracture, de- 
fined as one which occurred along 
crystallographic planes of approximate 
maximum shear stress, that is, about 45 
deg to the applied load. 

(3) Transgranular-cleavage fracture, 
defined as a fracture that occurred along 
crystallographic planes of approximate 
maximum normal stress, that is, about 
90 deg to the applied load. The direc- 
tion of these planes of fracture varied 


Experimental Stress- Rupture 


Relations 


= 42.17 X109% !0-29 


I5OOF 31.63X109” 8-3! 
IGOOF Or = 29.72x10°4 7-92 


6, = Time to Failure, hr 
o =Stress, psi 


ir 


10 


100 
Time to Failure, hr 


Fic. 4.—Stress versus Time to Failure. 


as stress-rupture plus fatigue. In some 
cases it was difficult to determine clearly 
whether the failure adjacent to the 
fatigue facet was of the stress-rupture or 
abrupt tensile type; classification into 
the third category might be subject to 
individual interpretation. 

Microspecimens were mounted to show 
a longitudinal section through the stress- 
rupture, fatigue, and abrupt tensile 
failure zones where each was present. 
The microspecimens were electrolytically 
etched with a 5 per cent solution of 
H.SO, in 90 to 95 per cent boric acid. 
The fractured specimens were examined 
microscopically and classified according 
to fracture path as follows: —_ 


somewhat with grains because of dif- 
fering crystal orientations. 

(4) Transgranular-noncrystallographic 
fracture, defined as a fracture which 
proceeded along a path that was com- 
paratively independent of crystallo- 
graphic orientations. This path was 
essentially at 90 deg to the applied load. 

The diameters of the failed specimens 
were determined at the failure zone. 
These data were used to compute the 
per cent reduction in area at failure. 
The hardness measurements were taken 
in a transverse cross-section approxi- 
mately § in. below the fracture surfaces 
and on the same half of the specimens 
from which the microspecimens were 
taken. — — 
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Fic. 5.—Superimposed Relative Cyclic versus Life at Constant Mean Tensile Stress. 
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RESULTS AND DISCUSSION 
Fatigue Evaluation: 


The stress-rupture data are plotted in 
Fig. 4 and are comparable to data re- 
ported in the literature for S-816 alloy. 
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mean stress, at each of the temperatures. 
The stress ratio was defined as the ratio 
of the amplitude of cyclic to mean stress 
(see Fig. 5(a)). Study of Figs. 5 to 7 
indicates the following: 

1. In all cases of mean stress and 
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Fic. 6.—Comparison of Effect of Temperature, on Basis of Constant Mean Stress and Absolute 


Cyclic Stress. 
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Fic. 7.—Comparison of Effect of Temperature, on Basis of Constant Mean Stress and Relative 


Cyclic Stress. 


Lines were fitted to the data at each 
temperature by the method of least 
mean squares. Log-log and semi-log 
relations between stress and time to 
failure were considered, but the former 
was used because it resulted in less 
scatter. 

The results of the fatigue evaluation 
are summarized in Figs. 5 to 7 in which 
cyclic stress, on both a relative (that is, 
stress ratio) and an absolute basis, is 
related to time to failure at constant 


temperature investigated, increasing 
cyclic stress caused reductions in life 
(Fig. 5). Under some conditions, how- 
ever, the reductions in life, if any, were 
slight at the lower magnitudes of cyclic 
stress. 

2. Superimposed cyclic stresses of 
given magnitudes (that is, low to inter- 
mediate) of stress ratio, Fig. 5, and of 
absolute stress, Fig. 6, generally resulted 
in greater relative reductions in life at 
the lower mean stresses (longer lives) 


| 

100 1000 

| 

4 


than at the higher mean stresses (shorter 
lives); this was so at 1200 and 1500 F and 
at the two lower mean stresses at 1600 F. 
The experimental scatter at the highest 
mean stress (21,400 psi) at 1600 F 
(Fig. 5) was so extensive that the effect 
at the highest mean stress is not clear; it 


Fic. 8.—Example of Microstructure of Speci- 
mens Failed at 1200 F; 65,000 + 0 psi; 70.0 
hr. Electrolytically etched with 5 per cent solu- 
tion of HeSO, in 90 to 95 per cent boric acid. 
S-816 (X 250). 


{[Note.—In captions of Figs. 8 to 20 the values 


tory stresses.] 


is possible to represent a reversal in 
general trend at this particular condition. 

3. Based upon equal times to failure 
at zero vibratory stress, stress ratios of 
given magnitudes caused greater reduc- 
tions in life at 1200 F than at 1500 and 
1600 F (Fig. 7). The data of Fig. 7 were 
obtained by adjusting the data of Fig. 5 
to give the same nominal times to failure 
(that is, 10, 100, and 1000 hr) at zero 
vibratory stress at each of the three 
temperatures. When cyclic stress is 
considered on an absolute basis rather 
than on a relative basis, the same trend 
is observed but is less pronounced (Fig. 
6). This figure was obtained in a simi- 
lar manner as Fig. 7. 
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General Metallographic Evaluation: 


The structure after operation at 1200 
F is illustrated in Fig. 8. Figure 9 illus- 
trates the structure generally associated 
with specimens having failed at zero 
vibratory stress at 1500 and 1600 F; 
elongation of grains will be noted. The 


Fic. 9.—Example of Microstructure of Speci- 
mens Failed at Zero Vibratory Stress at 1500 and 
1600 F; 17,000 + 0 psi, 1600 F; 101.9 hr. Electro- 
lytically etched with 5 per cent solution of H:SO, 
in 90 to 95 per cent boric acid. S-816 (X 250). 


given after the + sign are superimposed vibra- 


structure illustrated in Fig. 10 is gen- 
erally associated with specimens failing 
in combined stress at 1500 and 1600 F. 
Slip planes and twins were observed in 
the 1200 F specimens, and slip planes and 
possibly twins in the 1500 and 1600 F 
specimens. The grain boundaries of the 
1500 and 1600 F specimens were gen- 
erally less distinguishable than those of — 
the 1200 F specimens, indicating perhaps 
some agglomeration of grain boundary 
constituent at the two higher tempera- 
tures. Slipping and twinning occurred on 
more than one set of crystallographic — 
planes at all conditions. 


There is indication that intergranular 


corrosion can penetrate considerable dis- 
tances into AMS 5765A alloy, partic- 
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Fic. 10.—Example of Microstructure of 


Specimens Failed in Combined Stress at 1500 
and 1600 F; 17,600 + 2500 psi, 1600 F; 64.5 
hr. Electrolytically etched with 5 per cent 
to 95 per cent boric 


solution of H»SO, in 90 
acid. S-816 (X 250). 


of Failures: 


The summary of the macroscopic 
study is incorporated in Fig. 5 where 
each specimen is classified according to 
type of failure. At 1200 F the stress- 
rupture failures appeared brittle (Fig, 
12), and at 1500 and 1600 F they ap- 
peared ductile (Fig. 13). Figure 5 indi- 
cates that as the magnitude of super- 
imposed cyclic stress is increased, a 
transition from stress-rupture to stress- 
rupture-plus-fatigue failure occurred at 
all three temperatures. A stress-rupture- 
plus-fatigue failure is illustrated in 
Fig. 14. The stress-rupture-plus-fatigue 
failures were brittle at 1200 F and com- 
paratively ductile at 1500 and 1600 F. 
Further increases in cyclic stress level 
then generally resulted in fatigue failure. 
This type of failure is shown in Fig. 15. 


Metallurgical Evaluation 


Fic. 11.—An Example of Intergranular Corrosion at 1500 and 1600 F, Along Edge of Specimen; 
12,800 + 12,500 psi, 1600 F; 139.4 hr. Unetched. S-816 (X 250). 


ularly at 1500 and 1600 F, as illustrated 
in Fig. 11. Presumably this corrosion 
could be detrimental to both stress-rup- 
ture and fatigue strength. . 


These failures were brittle at all tem- 
peratures. 

Microscopically, the specimens having 

_ stress-rupture-appearing failures at 1200 
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EDGE CRACKS~ 
0 
)- 
i- 
r- 
a Fic. 12..—-Example of Stress-Rupture Failure at 1200 F; 84,000 + 0 psi; 15.8 hr. S-816 (X 3.5). 
at F exhibited transgranular shear and 
e- cleavage as shown in Fig. 16. The edges 
in of these specimens exhibited transgranu- 
1e lar and cracks (Fig. 17). STRESS RUPTURE 
n- The specimens having stress-rupture- 
F, appearing failures at 1500 and 1600 F 
el generally exhibited transgranular-shear 
e. fracture (Fig. 18) and intergranular 
5. fracture near the edges (Fig. 19). 
The stress-rupture fracture areas in 

the stress-rupture plus fatigue failures 

generally appeared microscopically s:mi- 

lar to those occurring in the respective 

stress-rupture-appearing failures at 1200, 

1500, and 1600 F. 

The fatigue areas fractured trans- 

granularly at all three temperatures. 

The fracture paths were essentially 

normal to the applied stress and were, 

in general, essentially straight lines and 

did not vary appreciably in direction 

from grain to grain; this lack of orienta- 

tion effect from grain to grain gave the 

appearance of noncrystallinity (Fig. 20). 

In contrast, as noted, the stress-rupture 

fractures had been either intergranular 

or, if transgranular, they followed dis- 

tinetly d iffering paths through the grains, Fic. 13.—Example of Stress-Rupture Failure 
n; indicating shear or cleavage. The sur- at 1500 and 1600 F; 19,000 + 0 psi, 1500 F; 

° 

face cracking which occurred at all 15.4 hr. S-816 (x 3.5). 

“a three temperatures as well as the pre- 


viously noted corrosion could possibly 
have nucleated fatigue fracture. 
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Relations Between Mean Stress, Cyclic 
Stress, Temperature, Time to Failure, 
and Failure Appearance: 


A study of Fig. 5 indicates that for all 
temperatures studied, both fatigue fail- 
ure and stress-rupture plus fatigue-fail- 


stress-rupture data and simultaneously 
exhibit fatigue-type failures, vibratory 
stress would probably be a factor in 
causing the lowered life. A study of Fig. 
5 also indicates that at all temperatures 
investigated, stress - rupture - appearing 


Fic. 14.—Example of Stress-Rupture Plus Fatigue Failure at All Temperatures; 19,000 + 5000 


psi, 1500 F; 415.5 hr. S-816 (X 2.5). 


Fic. 15.—Example of Fatigue Failure at All Tomgenaienens | 19,000 + 2500 psi, 1500 F; 


S-816 (X 3.5). 


ure generally were accompanied by 
reductions in time to failure because of 
superimposed cyclic stresses. Conse- 
quently, if service blades of this alloy, 
with the same heat treatment, give 
lives less than expected on the basis of 


724.4 hr. 


failures accompanied lowered life wander 
some conditions of stress. Therefore, 
blades of this alloy could yield lowered 
lives because of vibratory stress and 
yet appear to have failed by stress- 
rupture alone. 
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FRACTURE SURFACE 


Fic. 16.—Example of Shear and Cleavage Fracture in Stress-Rupture Appearing Failure at 1200 
F; 83,000 + 5000 psi; 9.1 hr. Electrolytically etched with 5 per cent solution of H:SO, in 90 to 
95 per cent boric acid. S-816 (X 250). 


TRANS- 
GRANULAR» 


Fic. 17.—Illustration of Intergranular and Transgranular Cracking Along Edges of Specimens 
Having Stress-Rupture Appearing Failures at 1200 F; 83,000 + 15,000 psi.; 3.1 hr. Electrolytically 
etched with 5 per cent solution of H,SO, in 90 to 95 per cent boric acid. S-816 (X 250). 
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Fic. 18.—Example of Transgranular Shear Fracture in Stress-Rupture Appearing Failures at 
1500 and 1600 F; 32,000 + 2500 psi, 1500 F; 11.5 hr. Electrolytically etched with 5 per cent so- 
lution of H,SO, in 90 to 95 per cent boric acid. S-816 (X 250). aa 


Fic. 19.—Illustration of Intergranular Cracking Along Edges of Specimens Having Stress- 
Rupture Senses Failures at 1500 and 1600 F; 21,000 + 0 psi, 1600 F; 11.4 hr. Electrolytically 
etched with 5 per cent solution of H2SO, in 90 to 95 per cent boric acid. S-816 (X 250). 
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Stress Ratio 


Fic. 21.—Comparison of Theoretical Times to Failure by Stress-Rupture During Dynamic 
Stressing and Observed Times to Failure. 
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Time to Failure, hr 
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Comparisons of Observed Times to Failure 
by Siress-Rupture Under Cyclic Stress 
Conditions, and Calculated Times to 

Failure: 


Vibratory stress caused reduced time 
to failure and was associated with stress- 
rupture-appearing failure at some con- 
ditions, as previously noted. Therefore, 
it became of interest to calculate the 
time to stress-rupture failure under 
cyclic stress conditions for comparison 
with observed times. The assumptions 
made were that the amounts of stress- 
rupture damage at the various stress 
levels during a stress cycle were directly 
proportional to the times at these stresses 


TABLE I.—HARDNESS AT FAILURE. 


allurgical phenomena; however, this 
assumption provides an interesting first 
approach to this problem. 

An equation relating time-to-fracture 
by stress-rupture to mean stress and 
stress ratio (based upon a constant load 
stress-rupture curve) is derived in the 
Appendix. By the insertion of constants 
from the stress-rupture curves obtained 
at each temperature (Fig. 4), the time to 
failure with increased vibratory stress 
for each mean stress and temperature 
level has been determined. The hypo- 
thetical curves are plotted in Fig. 21 
along with the actual data obtained in 
this investigation. 


Rockwell Hardness, A Scale, Ry 
Magnitude 1200 F 1500 F | 1600 F 
of Cyclic 
Stress, 
psi Mean Cyclic Stress, om, psi : 
83 000 69 000 50 000 32 000 25 000 19 000 21 400 | 17 600 12 800 
es ies 71.0 71.5 71.5 68.5 68.5 66.0 65.5 | 66.0 65.0 
2 500..... 72.0 | 72.0 | 71.0 | 68.0 | 67.0 | 65.5 | 64.5 | 64.5 | 63.0 
5 000..... 72.5 71.5 70.0 68.0 69.0 65.0 66.0 66.0 63.0 
7 72.0 71.5 69.0 68.5 68.0 66.0 65.0 64.0 
10 000..... 72.5 71.0 69.0 67.0 68.0 65.0 64.5 65.5 68.5 
12 500..... _ 70.5 68.5 68.5 66.5 « 65.5 64.0 64.0 
15 000..... 70.0 70.0 69.0 68.5 64.5 70.0 62.0 64.0 ee 


@ Specimen misplaced after testing. 


and were additive. An assumption of 
cumulative damage was applied by 
Miner (2) to the case of fatigue at room 
temperature. Using standard fatigue 
data obtained from specimens, each 
run at a given vibratory stress condi- 
tion, he predicted failure times for Al- 
clad 2024-T (Alclad 24S-T) aluminum 
sheet specimens, each run at varying 
vibratory stress conditions. Quite good 
agreement was reported on the av- 
erage. The present assumption of cum- 
ulative stress-rupture damage does 
not consider the possible effects of 
strain and temperature-dependent met- 


Although close agreement between 
the hypothetical curves and experi- 
mental data might not be expected 
under high vibratory stress which 
clearly introduced fatigue characteris- 
tics into the failure, the hypothetical 
curves have been extended to these 
values to allow comparisons to be made 
up to the maximum stress ratios studied 
herein. 

The hypothetical curves do predict 
the observed decrease in life with in- 
creased stress ratio; the agreement with 
the data is not good, however. At the 
low temperature (1200 F) vibratory 
stress (fatigue) is more damaging, and 
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at high temperatures (1500 and 1600 
F) less damaging than predicted by the 
cumulative damage theory. 

Reduction of Area at Failure.—The 
percentage reduction in area at failure 
for the various conditions studied are 
presented in Fig. 22. Study of this 
figure reveals that the reduction of 
area, at failure, decreased with in- 
creased cyclic stress. For example, at 
1600 F the reductions in area at zero 
vibratory stress were of the order of 25 
to 40 per cent but less than 5 per cent 
with stress ratios of about 0.8. Elonga- 
tion would be expected to have similar 
trends. 

Hardness at Failure-—The hardnesses 
at failure are presented in Table I. 
There is no highly pronounced trend 
between the hardness at failure and 
cyclic stress, though there is slight indi- 
cation of lower hardness at failure at 
the higher vibratory stresses. 


SumMMARY OF RESULTS 


The results of an inveztigation of the 
relations between superimposed cyclic 
stress, mean stress, temperature, time 
to failure, and failure characteristics 
of wrought S-816 alloy are as follows: 

1. Increasing cyclic stress reduced 
time to failure (life) at all conditions of 
mean stress and temperature investi- 
gated. Under some conditions, however, 
the reductions, if any, were slight at the 
lower cyclic stress magnitudes. _ 


HoFFMAN oN Direct TENSILE FATIGUE AT ELEVATED TEMPERATURES 1079 


2. Superimposed cyclic stresses of a 
given magnitude (low to intermediate) 
generally resulted in relatively greater 
reductions in life at the lower mean 
stresses (longer lives) than at the higher 
mean stresses (shorter lives). 

3. Cyclic stresses of given magnitudes 
caused greater reductions in life at 1200 
F than at 1500 and 1600 F. 

4. With increased cyclic vibratory 
stress about a mean stress, the appear- 
ance of the failure was indicated as 
undergoing a transition from that of 
stress-rupture to a combination of 
stress-rupture and fatigue. Further in- 
creases in vibratory stress level resulted 
in the occurrence of fatigue failure. 

5. The appearance of fatigue-type 
failures was generally accompanied by 
reductions in life because of cyclic vibra- 
tory stress. 

6. Under some conditions, stress- 
rupture-appearing failures occurred even 
though the specimen life had been 
lowered by cyclic stress. 

7. Stress-rupture fracture occurred 
by transgranular cleavage and shear 
at 1200 F and occurred by intergranular 
failure and transgranular shear at 1500 
and 1600 F. Fatigue fracture was trans- 
granular at all three temperatures and 
did not appear to follow crystallographic 
planes. 

8. The percentage reduction in area 
at failure (fracture ductility) decreased 
with increased vibratory stress “ all 
conditions investigated. 
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APPENDIX 


DETERMINATION OF TIME TO FAILURE BY STRESS-RUPTURE ~- 
DURING DYNAMIC LOADING 


The development of a hypothetical rela- 
tion between magnitude of cyclic stress, 
mean stress, and time to failure by stress- 
rupture at a given temperature is as follows: 
The fraction of stress-rupture life consumed 
at each stress level (that is, stress-rupture 
damage) during a dynamic stress cycle was 
assumed to be equal to the ratio of the time 
at that stress level to the total stress-rupture 
life at that stress level. Further, the fractions 
of stress-rupture life consumed at the differ- 
ent stress levels were assumed to be additive, 
so that the total fraction of stress-rupture 
life consumed during one cycle of stresses is: 


i=l 
where: 


6, = time to fail by stress-rupture at a 
given stress level, hr, 

Aé@ = duration of time at given stress level, 
hr, and 

nm = number of time intervals in a single 
cycle. 

Since the stress varies continuously during 

a stress cycle, the total fraction of stress- 

rupture damage per cycle of stresses may be 

expressed as: 


do 
ee 


where: 
w = frequency of cyclic stress, radians per 
hr. 
If it is assumed that the static stress- 
rupture relation applies and is defined by: 


6, = CS3(That is, log 6, = log C + B log S) 


where: 

C, B = constants for given temperature and 
obtained from stress-rupture rela- 
tion for desired temperature, and 


S = stress, psi. 
and that: 1 


S = Sm(1 + A sin 6) 


where: 


Sm = average cycle stress, and 
A =ratio of amplitude of cyclic to mean 


stress. asi, 
then: 
de 
100 = — 
+ A sin)” 
where: 


R = average rate of stress-rupture damage 
under cyclic stress conditions, per cent 
per hr. 

Finally, the assumption was made that 
stress-rupture failure occurred when cumu- 
lative stress-rupture damage became equal 
to unity. That is, failure time was equal to 
the reciprocal of the average damage rate, 
thus: 


OR 
where: 
6. = time to failure by stress-rupture under 


cyclic stress conditions, hr. 
The final relation becomes: 


6, 


S3(1 + A sin 6)? 


Graphical integration of the above equation 
for given conditions, using the appropriate 
stress-rupture relation from Fig. 4 gives the 
corresponding values of time to failure. Or 
the left denominator can be inverted, the 
binomial expanded, and the resulting series 
integrated. The value of time to failure may 
be determined in this way, the accuracy of 
the answer depending upon the degree of 
expansion of the series. 
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Statistical methods have been used 
successfully in recent years in analyzing 
the nature of fatigue in metals (1-3, 
5-11, 19, 20). Many procedures and tech- 
nicues have been proposed by a number 
of investigators in treating the many 
aspects of the fatigue problem. Because 
the literature on the statistical aspects 
of fatigue is voluminous and scattered 
throughout many technical publications, 
it is desirable to summarize concisely the 
various techniques which have been 
proposed and used up to now. 

Such a summary which deals primarily 
with the engineering rather than the 
theoretical aspect of the problem of fa- 
tigue, is presented in this paper in which 
the fatigue problem is subdivided into 
four different sections including: (a) 
variability in fatigue life at a fixed stress 
level; (6) determination of endurance limit 
among nominally identical specimens; 
(c) empirical fitting of S-N’ curves, and 
(d) fundamental theories of fatigue fail- 
ure. Although each of these sections is 
discussed separately, they are not en- 
tirely independent. Also discussed is an 
“up-and-down” statistical method which 
has not as yet been used extensively for 
measuring the endurance limit. Initial 

* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

Merck and Company, Inc., Rahway, N. J., 
formerly with United States Steel Corp., Funda- 
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* The boldface numbers in parentheses refer 
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see p. 1090. 
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results on a manganese-molybdenum 
steel using this method are given. 


VARIABILITY IN FATIGUE LIFE AT FIXED 
STRESS LEVEL 


It has long been recognized that the 
variability in fatigue life from specimen 
to specimen tested at the same stress is 
too large to be accounted for by the 
ordinary types of experimental error 
occurring from specimen preparation 
and testing. With even the most elabo- 
rate precautions to insure uniformity, 
there remains a very large variability 
which can be attributed only to inherent 
differences among specimens. This varia- 
bility is so large that the average of sev- 
eral specimens is usually inadequate to 
describe the results properly. Instead, 
it is necessary to consider also the fre- 
quency distribution of fatigue life at a 
given stress. 


Comparison Between Logarithmic Normal 
and Extreme-Value Distribution: 


The most thorough investigation of 
the distribution of fatigue life was by 
Mueller-Stock as described by Freuden- 
thal (1), in which 235 steel specimens 
were tested at a single stress level. The 
resulting distribution (Fig. 1(a)) was 
decidedly askew to the right when plot- 
ted against V, the number of cycles to 
failure. However, if plotted in terms of 
log V, (Fig. 1 (6)) the distribution be- 
comes more symmetrical and approxi- 


mates the normal distribution. 
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Other investigators (1, 2), on the basis 
of fewer observations on a variety of 
materials, have reported good agreement 
with the normal distribution when plot- 
ted on a Jogarithmic scale. This distribu- 
tion is generally referred to as the 
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estimated that thousands of tests at the 
same stress would be required to show a 
detectable difference between these two 
distributions experimentally. While there 
are theoretical reasons for preferring the 
extreme-value distribution, since it js 
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Fic. 1.—Frequency Distribution of Fatigue Life Computed from 235 Tests at Constant Stress 
(After Freudenthal). 


based on a plausible theory of the nature 
of fatigue failure, the logarithmic normal 
distribution is somewhat easier to handle 


logarithmic normal, or lognormal, dis- 
tribution. 
A different distribution, the extreme- 


value distribution, has been proposed by 


Gumbel and Freudenthal (3, 19) and has® 


been shown by them to fit the data of 
Ravilly at least as well as the logarithmic 
normal distribution. One form of the 
extreme-value distribution is very similar 
in appearance to the logarithmic normal 
except in the vicinity of the tails. It is 


and represents a satisfactory approxima- 
tion unless interest is centered in the 
regions of very low probability of failure. 
It is, therefore, convenient and proper 
to use logarithmic probability paper for 
the presentation of results at a fixed 
stress level, because on this paper the 
expected proportion, P, of specimens 
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failing plots as a linear function of NV, 
the number of cycles. A value of P is 
obtained in the following manner for 
each specimen which fails. If m is the 
number of specimens tested and the &th 


failure occurs at cycles, 


TABLE I.—FATIGUE LIFE OF INGOT 
IRON WIRE SPECIMENS TESTED IN RE- 
VERSED TORSION AT 31 = KG PER SQ 
MM BY RAVILLY AS GIVEN BY FREUD- 
ENTHAL (1). 


log Vk 


x 


076 
090 
- 990 
.094 
. 108 
-116 
.116 
.124 
. 128 
. 128 
.131 
.137 
140 
140 
.147 
150 
- 165 


8 
9 
3 
2.4 
2.8 
3.1 
3.1 
3.3 
3.4 
4 
3.5 
3.7 
3.8 
3.8 


gives the proportion, P; , of failures to 
be plotted at , cycles. Dividing by 
n+ 1, rather than by 2, gives a better 
estimate of the proportion of specimens 
that will fail prior to N; cycles. That 
this is reasonable may be seen by con- 
sidering a test of an odd number of spec- 
imens. If the observed lives are ar- 
ranged in order of magnitude, the middle 
value should provide an estimate of the 
median life and should therefore be 
plotted with P, = 0.5, which is the value 
that will be obtained from Eq 1 for the 
middle specimen in a set containing an 
odd number of specimens. © 
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Comparison with Experimental Results: 


As a numerical example, the data in 
Table I, from Ravilly (21) for ingot iron 
wire tested in torsion, are used. The cal- 
culated values of P are plotted in Fig. 2 
against the corresponding values of 
log N. Plotting log NV on probability 
paper is equivalent to plotting .V on 
logarithmic probability paper, but per- 
mits greater freedom in choice of scale. 
The straight line drawn through the 
points was obtained by calculating the 
mean and the standard deviation of the 


Vos 


| 10 50 90 99 
Percent Failed (P X 100) 
Fic. 2.—Fatigue Life in Ingot Iron Wire 
Specimens Tested in Reverse Torsion at + 31 
kg per sq mm by Ravilly (21). 


log V values. Since the normal distribu- 
tion is symmetrical, and for a symmet- 
rical distribution the mean and the me- 
dian coincide, the mean of the log V 
values gives the point where the line 
intersects the 50 per cent failure line. 
Also for a normal distribution, 84 per 
cent of the failures occur prior to the 
mean plus 1¢, so that the slope of the 
line through the observed points can be 
determined. It is also possible to reverse 
the procedure and draw the line by eye 
and then use the fitted line to estimate 
the mean life and standard deviation. 
Ordinarily, it would be preferable to 
calculate the values, because the element 
of subjectivity in fitting the line is unde- 
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sirable. There is a commonly occurring 
situation in fatigue testing, however, in 
which the graphical method has an ad- 
vantage. When testing at a stress level 
near the endurance limit it is frequently 
impractical to continue testing until all 
the specimens have failed. The test is 
then stopped without obtaining the life 
values for several of the specimens. Ap- 
plication of Eq 1 permits plotting the 
points for those specimens which failed 
in exactly the same manner as if the test 
had been continued until all specimens 
failed. The only effect is to remove those 
points at the upper right end of the curve 
which correspond to the unfractured 
specimens. Drawing a line through the 
known points will still permit estimating 
the mean and standard deviation of the 
entire population, even though ordinary 
methods of calculation fail. Actually, 
analytic methods are also available for 
this situation, but they are no longer 
simple (4). 


Methods for Truncated or Censored Data: 


The method of dealing with the sur- 
viving specimens when testing at a con- 
stant stress is a cause of some disagree- 
ment in the literature. Several authors 
have analyzed such data by merely ig- 
noring the surviving specimens and cal- 
culating the average and standard devia- 
tion of the fractured specimens (5, 6, 7, 
8, 9). Two justifications for the procedure 
are given. First, it is stated that there is 
no way of including the surviving speci- 
mens. Actually the method described 
above can be used. Second, one can con- 
sider that the surviving specimens belong 
to a different population from the frac- 
tured ones, and interest is then centered 
first on the proportion of surviving spec- 
imens, which are presumed to have 
infinite life, and next on the average and 
standard deviation of the fractured spec- 
imens, which are presumed to be a sam- 
ple from the population of specimens 


with finite life. If this viewpoint is ac- 
cepted, then ignoring the surviving spec- 
imens when estimating the mean and 
standard deviation of the population of 
specimens with finite life is proper. It 
seems more satisfactory, however, to 
consider all specimens as belonging to 
the same population, and that some of 
the specimens survive only because it is 
impractical to wait for the fracture of 
the very long-lived specimens. This point 
of view implies using all the specimens 
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Fic. 3.—Fatigue Life Distributions of Tests 
at Constant Stress Assuming (a) that All Sur- 
viving Samples Belong to a Population with 
Infinite Life and (6) that All Samples Belong 
to the Same Population. 


in the calculation in the manner de- 
scribed previously. The censored fre- 
quency distribution technique has been 
employed recently (23) in testing alumi- 
num alloys, which do not show a faiigue 
limit. 

The question of which method is ap- 
propriate could be settled on experi- 
mental grounds by testing a fairly large 
number of specimens at a fixed stress 
level chosen so that about half the speci- 
mens survive 10’ cycles. If the test is 
run for a number of cycles beyond 10’, 
say to 10’+* cycles, then the point of 
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view that specimens which survive 10° 
cycles belong to a different population 
with infinite life implies a finite life dis- 
tribution of the type shown in Fig. 3(a). 
There, the number of specimens failing 
in the interval 7 to 7 + 6 is substantially 
less than the number failing in the inter- 
val 7 — 6 to 7. On the other hand, the 
view that all specimens are from the same 
population implies a life distribution 
like that of Fig. 3 (6), in which the num- 
ber of failures in the interval 7 +6 is 
roughly equal to the number of failures 
in the interval 7 — 6 to 7. 


DETERMINATION OF ENDURANCE LIMIT 


An important aspect of fatigue testing 
is the determination of the endurance 
limit in materials that exhibit this phe- 
nomenon. A generally accepted point of 
view is that each specimen has: its own 
endurance limit, a stress level above 
which it will fail after a finite number of 
cycles and below which it will survive 
for a very large number of cycles. Be- 
cause the extremely long-lived specimens 
cannot be tested for indefinitely long 
periods of time to reach fracture, it is 
necessary to redefine the endurance limit 
in terms of some specified number of 
cycles. The critical value of stress is then 
usually referred to as the fatigue strength 
for the specified number of cycles. 

Unfortunately, it is impossible to de- 
termine the endurance limit for a single 
specimen. If a specimen is tested at a 
fixed stress, the only information ob- 
tained is whether the test stress is above 
or below the endurance limit for that 
specimen. A method described by Stu- 
len (10) could be used in principle to 
determine the endurance limit of a single 
specimen, but for several practical rea- 
sons cannot be applied. Nevertheless, 
this method is worth considering, in 
order to define more clearly the concept 
of the endurance limit. A specimen is 
tested at a low stress level. If it survives 
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a predetermined number of cycles, the 
test is repeated on the same specimen at 
a slightly higher stress level. This is con- 
tinued until failure occurs. The highest 
stress at which the specimen survives is 
then taken as the estimated endurance 
limit. This would be a tedious procedure 
and it cannot always be assumed that 
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Fic. 4(a).—The Proportion of Specimens 
with Fatigue Lives Less than N and (b)—The 
Results in (a) Plotted on Normal Probability 
Paper. 


the specimen is unaffected by testing 
below its endurance limit. 


Determination of Median 
Limit by Probit Analysis: 


Endurance 


In reality the endurance limit of a 
particular specimen is not of much in- 
terest from the viewpoint of engineering 
design, since experimental results indi- 
cate a considerable variation in the en- 
durance limit of individual, nominally 
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identical specimens. Interest, from this 
point of view, is therefore centered on the 
standard deviation or confidence limits 
that can be imposed on the median 
endurance limit., The latter is usually 
defined (8) as the stress where 50 per cent 
of the samples fail within a predeter- 
mined number of cycles. 

In determining experimentally (8) the 
median endurance limit, a_predeter- 
mined number of specimens are tested 
at various given stress levels, which pre- 
sumably bracket the endurance limit. 
Results of this type show the existence 
of approximately a normal distribution 
of fatigue life (5, 7-9). In plotting the 
portion of the specimen with fatigue lives 
less than a fatigue life \V against the 
stress, as done schematically in Fig. 
4(a), a sigmoid curve is found experi- 
mentally (8). For an essentially normal 
distribution of the fatigue life, the results 
of Fig. 4(a), as shown in Fig. 4(d), plot 
as a straight line on probability paper. 
As defined previously, the median fatigue 
limit is then obtained from Fig. 4(6), by 
determining the stress corresponding to 
a portion of failed specimens of 0.5. The 
standard deviation is then determined 
from the slope of the straight line in 
Fig. 4(b) following a probit transforma- 
tion (22). 

It should be pointed out that in dis- 
cussing the probit analysis of the median 
endurance limit, the terminology em- 
ployed will cause confusion if it implies 
an experimentally determined distribu- 
tion of fatigue limits. Although such a 
distribution of fatigue limits may exist, 
it has not been determined as yet. 


Determination of Median Endurance 
Limit by the “U p-and-Down” Method: 


A somewhat different approach to the 
estimation of the median endurance limit 
is the “up-and-down” method (5, 11, 12, 
13). Whereas in probit analysis the num- 
ber of specimens tested at each stress 


level must be determined in advance, in 
the “up-and-down” method the stress 
used to test each specimen is based on 
the results of the preceding test. It is 
thus possible to concentrate the observa- 
tions more closely about the median 
endurance limit. The stress at which the 
first specimen is tested is chosen as close 
to the expected median endurance limit 
as is possible from prior knowledge or by 
testing a sample using the method de- 
scribed by Stulen (10) but omitting this 
test from the analysis described below. 
An increment of stress, called the step 
size, is also chosen in advance. If the 
first specimen survives the test for a 
fixed .V, the stress is increased by one 
step for the second specimen. If the first 
specimen fails, the stress is decreased by 
one step for the second specimen. Each 
succeeding specimen is tested at a stress 
level either one step higher or lower than 
the preceding specimen, as determined 
by the above rule. Each specimen thus 
provides a stress value at which to test 
the next specimen. The average of these 
stress values is an estimate of the median 
endurance limit. This procedure can be 
considered to give an estimate of the 
median endurance limit which is as 
precise as one obtained by probit analy- 
sis, but requiring 30 to 40 per cent fewer 
specimens (12). 


Results on a Manganese-Molybdenum 
Steel Using the ‘“Up-and-Down” 
Method: 


A slight disadvantage of the up-and- 
down method is that only one specimen 
can be tested at a time, since the results 
of the preceding test are necessary to 
determine the stress level for the next 
specimen. It is possible, however, to run 
separate up-and-down sequences on 
several machines. The machine averages 
can then be compared, and combined to 
give one grand average. This method was 
used to estimate the endurance limit of 
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a manganese-molybdenum steel con- 
taining 0.49 per cent carbon, 1.53 per 
cent manganese and 0.35 per cent mo- 
lybdenum. 

The rotating-beam fatigue specimens 
tested were machined from blanks 37% 
in. long and 3 in. in diameter. The ma- 
chined specimens were heat treated 
before final grinding and polishing. Ex- 
cept for a few modifications the ma- 
chining, grinding, and polishing tech- 
niques in preparing the fatigue specimens 
are the same as those described pre- 
viously (17). The finished specimens had 
a 1} in. long, 10-in. radius reduced section 
(.200 in. in minimum diameter. The test 
specimens were heat treated by austeni- 
tizing at 1550 F for 1} hr, quenched in 
oil and tempered for 20 hr at 1230 F. 
This treatment resulted in a spheroidized 
structure with a Vickers hardness of 
223 (19 Rockwell C) and a tensile 
strength of 103,000 psi. 

Twenty specimens. were tested on four 
R. R. Moore type rotating-beam fatigue 
machines. Five specimens were assigned 
to each machine and a step size of 1000 
psi was chosen. A step size equal to the 
standard deviation of the distribution of 
fatigue limits is the optimum choice, but 
because this number is not known in 
advance, it is necessary to guess at an 
appropriate step size. Fortunately, the 
procedure is not very sensitive to mod- 
erate departures from the optimum 
choice, and a value anywhere from one 
half the standard deviation, o, to 2 ¢ 
is satisfactory. 

In selecting the initial stress level for 
the up-and-down method it is generally 
not possible to select with any certainty 
a stress within one or two step sizes of 
the median endurance limit. Thus, unless 
precautions are taken, there may be a 
long run of either fractured or surviving 
specimens before the neighborhood of 
the median value is reached. This is es- 
pecially true if the step size happens to 


be small. It has been suggested (13) that 
such initial runs be omitted from the 
data and computations made on basis 
of fewest events. In this investigation 
the initial stress level was determined by 
the Stulen procedure which is found to 
give a satisfactory estimate of the level 
of the median endurance limit for the 
material tested. The chance of having a 


TABLE II.—RESULTS OF FATIGUE 
TESTS ON SPECIMENS OF MANGANESE- 
MOLYBDENUM STEEL. 


Machine Result? 


Stress (1000 psi) | 


59 } 
58 | 
59 
60 
61 


| 


61 
60 
61 
60 
61 


59 
60 
61 
60 
59 


OS 


@ F denotes failure in less than 10’ cycles, and 
S denotes survival beyond 10’ cycles. 


long run of either fractured or surviving 
specimens is therefore minimized. 

The test results obtained by using the 
up-and-down method are given in Table 
IL. In this table, F denotes failure in less 
than 10’ cycles and S denotes survival 
to at least 10’ cycles. 


Estimate of Median Endurance Limit: 


The analysis of the results in Table II 
follows the procedure described by Dixon 
and Mood (12). A shortened version of 
their paper also appears in a book by 
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Dixon and Massey (14). The analysis is 
based on either the survivals or the fail- 
ures, whichever has the smaller total. 
Although for the data in Table II, there 
are ten of each, the failures are used to 
represent “‘success” events in the Dixon 
and Mood analysis. The total number of 
failures is denoted by V, and mo, m , and 
m2 represent the number of failures at 
each level of stress, with mp (=59) the 
number of failures at the lowest level at 
which failures occur. We have then 


=3+2+5= 10 = N...(2) 


The quantities A and B are calculated 
from 


Il 
> 

| 


A 
B= >, im; = 22......... (3) 


The estimated median endurance limit, 
m, is then given by 


N 2 


where y’ is the stress level corresponding 
to the lowest level at which failures occur, 
and d is the step size. The plus sign is 
used when the analysis is based on sur- 
viving specimens, the minus sign when 
it is based on failures. Thus the value of 
m is obtained as follows: 


m = 59,000 + 1000(1.2 — 0.5) 
= 59,700 psi... (5) 


The standard deviation, ¢, of the en- 
durance limits of individual specimens 
is estimated by s, where 


NB — A? 
s = 1.620d —>7T + 0.029 


= 1278 psi . (6) 


In order to obtain confidence intervals 
on the estimated median fatigue limit, 
the standard deviation s,, of the esti- 
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mated endurance limit is required. This 
is calculated from 


oh 
G, 


(7) 


which corresponds to the usual formula 
for the standard deviation of a mean of 
a sample of \ observations, except for 
the additional factor G. This factor de- 
pends on the ratio d/o, and is charted by 
both Dixon and Mood (12), and Dixon 
and Massey (14). Because d/o isunknown, 
the chart is entered using the estimated 
value, d/s. 
tq. | 
For our results = 


_ (0.96) (1278) 


Sm 
10 


An @ per cent confidence interval is given 
by 


m+ tla, N — 1)sy,........(9) 


where / (a, V — 1) is thea per cent point 
of Student’s “‘?’”’ distribution with .V — 1 
degrees of freedom. For the results in 
Table II, the median endurance limit 
with a 95 per cent confidence interval is 


m = 59,700 + (2.26) (388) 
- = 59,700 + 877 psi. . (10) 


EMPIRICAL FittTinc oF S-\ CuRVES 


Several empirical functions have been 
proposed which fit observed fatigue data 
quite well (15 ,16, 19). It has been pointed 
out by several investigators (3, 16) that 
it is misleading to speak of the S-V curve 
as if there were only one such curve. 
Actually, there is an S- curve defined 
for each probability of failure, the curve 
for 0.5 probability being the one that in 
engineering practice is generally referred 
to as the S-V curve. The S-N curve for 
a probabilfty greater than 0.5 should be 
shifted to higher imposed stresses, whereas 
for a probability less than 0.5 it should be 
shifted to lower stresses. If it were possi- 
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ble to establish the existence of a dis- 
tribution of fatigue limits for different 
fatigue lives, the interrelationship be- 
tween the fatigue life, stress, and proba- 
bility of failure could be readily shown. 

Of the empirical relations between 
stress and fatigue life, Weibull has pro- 
posed two which cover fatigue life from 
V=1 to N= ~. These relationships 
are: 


where 

S) = endurance limit, and 

A, B,and m = parameters to be es- 
timated from the data, and 


E k(log N)™ |. . (12) 
“Xp og J 


where TS = tensile strength, and k and 
m are other parameters to be estimated 
from the data. 

A third function proposed by Weibull 
is designed to fit only the lower portion 
of the curve in the region of the endur- 
ance limit and is given as 

N = A(S — S.)™ 

By appropriate transformation it is 
possible to represent these functions by 
straight lines. In each case there is a 
different line (or a different set of pa- 
rameters) for each specified probability 
of failure. The computations necessary 
to determine the constants become ex- 
tremely difficult unless a number of spec- 
imens are run at each of several stresses. 
There must be at least as many stresses 
used as there are parameters to be esti- 
mated in the chosen function. To obtain 
reasonable estimates of the S-V curves 
for high and low probabilities of failure 
requires more specimens at each stress 
level than estimating only the median 
(P = 0.50) curve. It would appear that 
the endurance limit obtained by this 
method will be less precise for the same 
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number of specimens than an estimate 
obtained using the probit or staircase 
methods, which tend to concentrate the 
observations in the region where more 
information about the endurance limit 
is obtained per observation. However, 
the S-V curves give some information 
about behavior at higher stresses, which 
is not obtained by the probit or staircase 
methods. 


FUNDAMENTAL THEORIES OF FATIGUE 


Several theories of fatigue fracture 
based on statistical distribution functions 
have been proposed. These consider that 
the stressed material is composed of a 
large number of small elements of vol- 
ume. Due to the inhomogeneity of the 
material, each element has a different 
strength. This is due to the presence of 
crystal imperfections, inclusions, and 
various other submicroscopic flaws, all 
of which may vary in size, shape, and 
orientation. As a result, the strengths of 
the elemental volumes have a frequency 
distribution and the elements of volume 
in the critically stressed region of a fa- 
tigue specimen can be considered as a 
sample from a very large population of 
volume elements in the base material. If 
all the elements in the sample are under 
equal stress, the fatigue life of the speci- 
men will depend on the strength of the 
weakest element. The strength of the 
weakest element will vary due to sam- 
pling effects and thus give rise to the 
characteristic variability in observed 
fatigue life. The same reasoning applies 
when the stress is not uniform through- 
out the specimen, but the situation is 
then more complex. It is interesting to 
note that this point of view explains the 
observation that large specimens tend 
to be weaker than small specimens. This 
follows from the fact that the weakest 
element in a large sample of elements is 
likely to be weaker than the weakest ele- 
ment in a small sample. The smallest or 
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the largest value in a sample is called an 
extreme value, and the behavior of such 
values is dealt with by what is called the 
theory of extreme values (3). The ex- 
treme value distribution discussed pre- 
viously as the distribution of fatigue life 
at a fixed stress, follows directly from 
this theory. 
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he fundamental! theories of fatigue 


behavior which involve probability and 
statistics should be distinguished from 
the methods discussed above for describ- 
ing and analyzing observed data. A brief 
review and references to the various 
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A STUDY OF STATISTICAL TREATMENTS OF FATIGUE DATA* 


veo 


M. N. Torrey! anp G. R. Goxn! 


SYNOPSIS 


This paper summarizes the results of reversed-bending fatigue tests on two 
lots of commercial Grade A (5 per cent tin) phosphor bronze strip and pre- 
sents the observed values (48 values for each deflection level) so that others 
may use them for further statistical analysis. The distributions of cycle life 
are fitted by logarithmic-normal, extreme value and log-log-normal distribu- 
tions, showing that the type of distribution depends on the deflection (stress) 
value. The use of response curves is suggested. 


While the phenomenon of fatigue has 
been recognized for well over a century, 
the mechanism of fatigue failure has been 
studied intensively in this country only 
since 1919. At that time the National 
Research Foundation, in cooperation 
with the Engineering Foundation and 
the University of Illinois, undertook a 
cooperative study of fatigue. These 
studies were summarized in a manual on 
fatigue by H. F. Moore (1)? in 1927. Since 
that time our knowledge of the behavior 
of materials and mechanical designs sub- 
jected to repeated applications of stress 
or strain has increased markedly, but 
our understanding of the mechanism of 
fatigue failure is not yet complete. 

New research tools such as the elec- 
tron microscope have further increased 
our knowledge of the phenomenon while 
developments in solid state physics and 
in statistics have contributed much 
towards a more rational explanation of 

* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

‘Member of Technical Staff, Bell Tele- 
phone Laboratories, Inc., New York, N. Y. 

?The boldface numbers in_ parentheses 


refer to the list of references appended to this 
paper, see p. 1116. 


the causes of fatigue. Statistical meth- 
ods, in particular, have been increasingly 
applied to the analysis of fatigue data 
in recent years. In 1951 and 1952, 
ASTM Committee E-9 on Fatigue 
sponsored two symposia (2, 3) on the 
statistical aspects of fatigue. Since that 
time a number of individually sponsored 
papers have appeared in the literature. 
Two of these papers, one by Schuette 
(4), the other by Gohn, Guerard, and 
Freynik (5) are of particular interest in 
that they discuss the statistical limita- 
tions of the usual type of fatigue test in 
which four or five specimens are tested 
at each of several different stress levels. 
A few others such as Sinclair and Dolan 
(6), Corten and Sinclair (7), and Ransom 
and Mehl (8), have made statistical 
studies on a larger number of specimens 
tested at the same stress level. So sig- 
nificant are these studies that Committee 
E-9 is now preparing a manual on the 
statistical treatment of fatigue data. 
However, the real need at present ap- 
pears to be for sufficient data at a series 
of stress levels to permit application of 
various statistical treatments for their 
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evaluation. In the present paper, the 
authors have made a preliminary analy- 
sis of observations on more than 1000 
specimens tested in groups of 48 at 9 to 12 
different deflection (stress) levels and 
have presented the original test data 
so that others interested in the statis- 
tical aspects of fatigue may work with 
these data. 


MATERIALS INVESTIGATED 


The materials used in these studies 
consisted of two lots of commercial 
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Stress, psi (+) 


0 0.2 0.4 06 08 
Deflection, in. 


Fic. 1.—Relationship Between Deflection and 
Stress. 


grade A (5 per cent tin) phosphor bronze 
strip rolled (after an 0.035-mm ready- 
to-finish grain size anneal) from an ingot 
containing 0.05 per cent phosphorus and 
5 per cent tin. Fifty feet of each material 
was furnished in flat lengths approxi- 
mately 6 ft long, 8 in. wide, and 0.040 in. 
thick. One lot met the requirements for 
hard temper strip as specified in the 
ASTM Standard Specification for Phos- 
phor Bronze Plate, Sheet, Strip and 
Rolled Bar (B 103 — 55);3 the other met 
the requirements for spring-temper strip. 
These two materials had physical proper- 
ties substantially the same as those 
shown in Fig. 13 of the paper, “The 
Mechanical Properties of Wrought Phos- 


31955 Book of ASTM Standards, Part 2, p. 
160 
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phor Bronze Alloys,” by Gohn, Guerard, 
and Freynik (5) for the hard and spring 
tempers, 5 per cent tin bronze, that is, 
material cold roiled 37.4 and 60.5 per 
cent, respectively. 
TEsT SPECIMENS 

In preparing the fatigue test speci- 
mens, the outer 3 in. of each 6-ft length 
of phosphor bronze strip was discarded. 
The remainder of the strip was cut into 
11 lengths of approximately 6} in. From 
each of these lengths, fourteen 3 by 63 in. 
blanks were sheared parallel to the direc- 
tion of rolling. After these blanks were 
well mixed, groups of 12 to 15 were drawn 
from the blanks, clamped together and 
machined by cross-milling with a spiral- 
fluted, contour cutter to produce fatigue 
test specimens which conformed to the 
dimensions shown in Fig. 10(c) of the 
Manual on Fatigue Testing (9). The 
maximum variation of the width of these 
specimens in the trapezoidal area of 
uniform stress did not exceed 0.0005 in. 
from the nominal dimensions shown; 
this is less than +0.26 per cent of the 
smallest critical dimension. 


FATIGUE TESTS 


The fatigue tests were all made on the 
same 24-specimen sheet metal fatigue 
machine designed by Gohn and Mor- 
ton (10). Two runs of 24 specimens each 
were made for both tempers. Since a 
study of the distribution of cycle life at 
a given deflection level was the main 
purpose of this experiment, all four 
runs were made before changing the 
deflection of the fatigue testing machine. 
This deflection was measured to the 
nearest +0.0001 in., and deviations be- 
tween the deflection of the front arm 
(specimens 1 to 12) and the back arm 
(specimens 13 to 24) did not exceed 
0.0015 in. Cycle life was recorded for 
each position to the nearest 1000 cycles; 
complete failure being taken as the end 
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point. All tests were made at a tempera- 
ture of 80 to 85 F and a speed of ap- 
proximately 2000 cpm. 

To permit conversion from deflection 
levels to stress levels, which have a 
more general application in fatigue 
studies, a special experiment was run to 
establish the relationship between de- 
flection and stress for these materials. 
This relationship, which is shown in 
Fig. 1, was established by measuring the 
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Several preliminary tests were run on 
other machines before data showing no 
significant position effect were obtained. 
Tests for randomness for all levels with- 
out runouts indicate that the data pre- 
sented here are free from significant 
position effect. Figure 2 shows the data 
for three deflection levels. The arrange- 
ment of the observed values in the order 
of their positions on the fatigue machine 
is, from a statistical standpoint, con- 


Deflection, in. 
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Position 


Fic. 2.—Number of Cycles-to-Failure by Runs and Position of Specimens on the Machine, Hard 


Temper, Grade A Phosphor Bronze Strip. 


bending moment required to produce the 
given deflection at six different levels 
using ten separate test specimens whose 
average thickness was equal to the 
average of the lot. 


THE DATA 


Table I presents the observed values 
of cycle life-to-failure, up to 10°, at 
zero mean stress for the hard temper 
strip. The data are given by positions 
for twelve deflection levels and for each 
run separately. The date of the begin- 
ning of each test is noted. 


sidered to provide a random arrange- 
ment of their magnitudes. 

Table II presents comparable data for 
spring temper strip for nine deflection 
levels. 

Tables III and IV present the same 
data rearranged so that the values are 
listed in the order of magnitude of cycle 
life, combining runs 1 and 2. The run 2 
values are marked with asterisks. This 
arrangement facilitates the use of a 
‘“‘run test” (11, 12) to determine whether 
the data for runs 1 and 2 can be con- 
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TABLE I.—FATIGUE DATA FROM BENDING TESTS ON HARD TEMPER GRADE 
GRAIN SIZE, 0.05 PER 


Cycle Life to Failure at Zero 


Test Deflection +0,540 In. +0.500 In, +0,460 In, +0.420 In, +0.380 In, 


Date 10/22/52 12/4/52 12/8/52 12/12/52 1/15/53 
Position 
118 
129 
141 
135 
148 
105 


- 10/23/52 12/5/52 12/9/52 12/15/52 


Position } 


| 

4 — : 

— 8 131 208 327 563 

a g 120 208 340 475 948 

10 119 226 393 681 

11 148 192 357 531 

128 200 348 503 724 

134 240 397 906 

14 134 209 396 610 

15 117 228 400 505 

16 124 196 337 

17 125 216 305 599 «665 

1 107 239 330 715 696 

19 108 166 377 585 

20 126 225 326 456 689 

21 122 185 367 «58 

22 103 205 314 90 

| 23 114 237 283 489 679 

2h 89 200 410 487 938 

Date /16/53 

167 328 495 822 

2 1 259 356 708 

3 124 219 462 299 

‘5 113 206 371 522 

125 259 341 529 849 

7 122 192 396 625 1,092 

8 122 185 hig 506 1,067 

| 9 118 178 326 811 

10 117 189 290 715 

a 11 128 226 399 509 903 

12 106 212 356 1,032 

13 102 194 2450 381 667 

14 121 206 397 433 

15 127 172 293 409 892 
16 124 201 439 489 B33 

17 136 178 455 499 KG 

1 144 226 516 776 

19 104 166 313 401 

20 122 191 27k 645 873 

21 126 142 299 377 681 

22 121 170 319 598 

4° 23 100 192 279 436 63 

2h 137 205 312 465 1 
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A (6 PER CENT TIN) PHOSPHOR BRONZE STRIP 0.035 MM READY-TO-FINISH _ 
CENT PHOSPHORUS. 


Mean Stress (thousands) < 


+0.340 In. 40.300 In. 40.280 In. +0.270 In. +0.260 In. +0.250 In. +0.240 In, 


Run 1 
2/10/53 9/3/53 «6/23/54 


3/9/53 7/28/53 3/2/54 10/8 /53 
100,000— 


o4 
3,456 
20,634 15,757 


| 
1,045 13,5 100,000+ 100,000 100,000— 
1,202 5,810 5,911 9315 5,305 79,870  100,000~ 
1,205 29547 10,020 69,212 19.734 100,000 100,000+ 
1,300 5,563 4,578 15393 2476 (100,000 100,000— 
1,549 2,717 3,378 6,151 31,431 100,000 100 ,000— 
1,302 25,049 41,983 100,000+ 100,000~- 100,000— 
1,568 3,295 2  100,000~ 83,576 100,000+ 100,000~ 
1,333 55,525 2174 100,000 100,000— 100,000— 71,996 
1,143 3,034 2,371 17,254 100,000+ 100,000— 29 » p28 
1,439 2,954 10,378  100,000+ 100,000+ 100,000 90,498 
1,3 14,255 84315 4,431 77,665  100,000+ 100,000~— 
1,136 »250 10,487 100,000+ 100,000— 100,000~ 
1,140 2,466 $8,326 »TO0l 100,000+ 78,836 47,358 
988 3,504 14,293 14,369 5,975 38,896  100,000~ 
1,592 13,542 10,796 61,921 100,000+ 100,000- 100,000— Pe: 
1,163 2,999 5,487 15,842 100,000+ 100,000~- 100,000~ 
1,380 17,796 9,766 100,000+ 100,000+ 68,630 100,000+ 
1,214 ¢ 9,519 86,388  100,000~ 
1,425 3,302 69 68,346 100,000+ 100,000+ 100,000~ 
1,235 2,660 6,22 63,043 10,750  100,000+ 100,000~ 
899 17,912 2,466 91,965 100,000~+ 100,000 100,000— 
1,863 4,105 7,072 55,012 100,000+ 100,000+ 100,000~ 
947 3,382 3,981 93,851 100,000+ 46,270 100,000~ 
1,019 3,361 3,553 100,000+ 100,000 100,000~ 100,000~ 
Run 2 : 
2/16/53 5/13/54 8/1/54 
1 72,362  100,000~ 
89 2,594 76,399 100,000 
1,428 1, 434 100,000 100,000+ 17,599 100,000-- 
1,507 18,040 3,787 90,026 60,338  100,000+ 100;000~ 
1,303 50,716 5,965  100,000+ 100,000~ 100,000+ 100,000~ 
1,663 2,404 3,776 82,568 100,000+ 100,000+ 100,000~+ 
1,611 4,677 «6,505  100,000+ 33,794  100,000+ 100,000~ - 
2,042 76,074 10,133 83,079 100,000+ 100,000+ 100,000~ 
1,369 62,892 4,027 100,000—~, 87,905 100,000+ 100,000— 
1,423 12,678 77,548” 100,000 100,000 66,340 
1,189 1, 100,000+ 100,000 23,978 53,301 
17299 17796 74,758 100,000 425470 100,000~ 
1,491 17,950 2,441 37,969 100,000+ 100,000+ 100,000~ 
1,285 73,501 100,000— 87 4545 100,000 8,204  100,000~ 
1,385 3,014 7,877 69,74 100,000~ 100,000 100,000— 
1,460 50,432 9,356 37,957 100,000+ 100,000. 100,000~ 
1,822 11,212 $41,832  100,000+ 100,000+ 100,000+ 100,000— 
1,505 7,105 6,839 100,000 100,000+ 100,000+ 100,000~ gare 
1,260 11,924 21,839 6,695 100,000~ 99,002  100,000~ 
1,421 36,921 6,806 39,235 100,000— 95,608 100,000 ‘Nis 
14395 2,522 6 100,000 100,000* 100,000~- 100,000~ 
1, 100,000-+ 100,000 100,000 100,000~ 
1,67 15,580 71,886 100,000 100,C00~ 
1,641 56,502 100,000 100,000— 100,000— 
= 4 
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TABLE II.—FATIGUE DATA FROM BENDING TESTS ON SPRING TEMPER GRADE 
GRAIN SIZE, 0.05 PER 


Cycle Life to Failure at Zero 


Test Deflection +0,540 In. +0,500 In. +0.460 In, +0.420 In, 


10/24/52 12/3/52 12/10/52 12/16/52 


| 


~ 10/24/52 
Position } 


_ 172 201 
3 155 263 
4 
5 287 
6 =. 156 253 
7 214 311 
an 8 194 332 435 599 
9 390 661 
10 371 - TT4 
11 164 284 662 
12 180 264 651 
13 188 238 526 
14 171 271 ~~ 
15 192 226 sl! 539 
16 186 248, > 638 
17 201 | 262 hoe 889 
18 185 259 628 
19 . 152 22h 506 684 
21 140 281 607 
24 164 279 568 
15¢ 27 430 477 
2 164 345 
163 245 646 
5 166 281 -4oo 
6 161 252 8 
186 309 592 + 
oe | 9 155 273 421 6 
10 188 292 446 
13 156 282 - 665 
14 150 258 458 672 
aie 15 161 252 395 639 
164 296 465 493 
1 195 254 436 655 
aes 19 181 230 405 527 
ee 20 164 277 416 590 
ee 21 - 152 251 412 621 
22 176 278 387 858 
g 
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A (5 PER CENT TIN) PHOSPHOR BRONZE STRIP 0.035 MM READY-TO-FINISH 
Mean Stress (thousands) 


+0.380 In, £0,360 In, 0.340 In. +0.300 In. +0.260 In. 


Run 1 


4/16/ 53 


100,000-+ 
100,000— 
100,000—+ 
100,000-+ 
100,000-+ 
100,000— 
100,000—- 
100,000—+ 
T4 593 
100,000 


5/20 /53 


53,602 
100,000 
59,190 

00 


11/13/53 


100,000— 
100,000— 
100,000-+ 
100, 000—~ 
100,000— 
100,000 
100,000— 
100, 000—- 
100,000 
100,000 
100,000— 
100,000 
100 ,000— 
100,000— 
100 ,000— 
100 ,000— 
100,000— 
100,000— 
100,000— 
100,000— 
100 ,000-+ 
100 ,000— 
100 ,000— 
100 ,000— 


12/17/53 


100,000— 
100,000 
100,000— 
100,000 
100,000 
100,000» 
100 ,000— 
100,000— 
100,000-+ 
100,000 
100,000— 
100,000— 
100,000— 
100,000— 
100,000— 
100,000— 
100,000— 
100,000 
100,000— 
100,000— 
100,000— 
100,000 
100 ,000~ 
100 ,000— 


Bi9 ane 
"867 179 227031 
| 1,322 42,628 1002000 
1399 22,771 100,000 
2,337 2,706 
1,562 9,503 100; 000-+ 
1,107 1,902 88,369 
1,030 2,085 27150 
«2,502 
1°30. 2,296 
"837 2° 53 2,913 100,000 
1,021 1,385 100,000— 
"96 49,038 100, 000+ 
308 909 1,946 100,000 
1,217 17970 1,653 122228 
1,200 1°778 13,3 
886 17920 142 9 100,000—~ 
1,185 10,291 1,337 100,000— 
3 1,048 6,472 20,462 100 ,000—+ 
1,216 3 "417 4,678 TT ,519 
839i 1,855 100, 000— 
1,310 ivy 4? 306 75,075 100,000 
1,149 1,748 1,557 100,000 
887 17797 10,730 100,000— 
7,993 100,000 (| 
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TABLE III.—FATIGUE DATA FROM BENDING TESTS ON HARD TEMPER GRADE 
| GRAIN SIZE, 0.05 PER 


Cycle Life to Failure at Zero 


{ Test Deflection~ +0,540 In. +0.500 In. +0.460 In. #0.420 In. +0.380 In. 
Rank | 


* Second Run 
— No Failure 


“he ey 
£0 
584 
| a0 
142* 38 oe, | 624 
1 100* 166* 283 — 
2 102* 167 290* 4Og* 662 “4 
3 103 167* 293* 
5 171 297 436* 679 
7 1 30 
178* 12* — 688 
} 10 109* 184 314 458 6 
r 12 114 185* 32 703 
- 1 1 
ins 12 192* 330 741 
1 119 192* 337 774 
200 121 200 348 490 807 
122 200 350* 811* 
2 0 
a, 12 2 7 
28 125 208 383 516* - 849* 
39 125* 208 393 522" 
30 126 209 396 B69" 
35 219* 400 906 
36 129 226 410 938 
a 7 a 40 135 228 438 599 981 
4 240 455* 1,092* 
ah 144* 240* 462* 715 
: ! 


On STATISTICAL TREATMENT OF FATIGUE DATA 1099 


A (5 PER CENT TIN) PHOSPHOR BRONZE STRIP 0.035 MM READY-TO-FINISH | 
CENT PHOSPHORUS. Y-TO-FINISH 


Mean Stress (thousands) 


4 


+0.340 In. #0.300 In. +0.280 In. +0.270 In. +0.260 In. +0.250 In. +0.240 In. 


5,305 8,20h* 


100, 


6,151 
6 ,695* 
14,369 


100,000 
100, 000-* 
100, 000+ 

100,000-# 
100, 000+ 

100, 000-# 
100,000~ 

100, 000- 
100, 000+* 
100, 000-# 
100,000" 
100,000-* 
100,000-# 


i « 


17,59 


100,000 
100,000 
100,000" 
100,000~ 
100,000-# 
100,000~ 
100, 000-+ 
100,000 
100, 000-# 
100,000 


100,000— 
100,000-# 
100,000-+ 
100,000-# 
100,000 
100, 000-# 
100,000— 
100,000-# 
100,000—+ 
100, 000-# 
100, 000~ 
100,000-" 
100,000+ 
100, 000-# 
100,000 
100,000-# 
100,000-~ 
100,000" 
100, 000+ 
100,000" 
100,000 
100,000." 
100,000~ 
100, 000-# 
100,000 
100, 000-* 
100,000 
100, 000-# 
100,000~ 
100, 
100, 000~* 
100, 000—* 


| 
898" 1,688* 1,713 47,358 
899 5.975 53,301" 
1,800* 2,441 9,519 23,978" 66,340" 
2, 2,466 10,750 38,806 71,998 
1,019 2,464" 3,378 15,393 31,431 46,270 90,498 
1,136 2,466 3,553 18,380 33,794* 68,630 99,552 
1,140 2,534* 3,721* 15,842 42, 470% 72,362 100,000 
1,143 2,660 3,776" 17,254 4h 476 78,399" 100,000-# 
1,163 2,717 3,787* 37,957* 49,734 78,8 100,000+ 
1,189" 2,954 37,969" 57,727* 79,870 100,000 
1,202 2,994 3,981 37,983* 60, 338* 86 , 388 100,000-+- 
1,205 2,999 4,027 39,235* 71,886* 95,608" 100,000 
1,21 3,014* 4,174 41,983 47665 99,002 100,000+ 
1,235 3,034 4,202 48,315 3,576 100,000+ 100,000+ 
1,260* 3,295 4,578 55,012 87,905* 100,000 100,000~ 
1,285* 3,361 5,487 55,331 100,000 100,000+ 100,000-+ 
1,287* 3,382 5,911 56,502* 100,000 100,000 
1,299 3,382 5; 942 56,871" 100,000+ 100,000+ 
1,300 3, 456* 5,965* 61,921 100,000-* 100,000- 
1,302 3,504 6,180" 63,043 100,000+ 100,000~ 
1,303* 3,547 6,228 68, 346 100,000-* 100,000-# 
1,333 4,123 6, 3058 69,212 100,000+ 100,000— 
1,368 6, 806* 69,744* 100,000 100,000" 
1,369" 6,839" 73,357  100,000+ 100,000+ 
1,380 5,810 6,869 77,548" 100,000" 100,000 
1,385* 6,401 7,072 82,568" 100,000+ 100,000+ Te. 
1,395* 7,104* 7,076* 82,079 100,000 100,000+ 
1,421* 7,105* 7,877* 83,701. 100,000 100,000+ 
1,423* 7,250 8, 326 87,545*. 100,000 100,000 q 
1,425 11,212* 8,375 90,026  100,000+ 100,000+ 
1,428 11,9288 9,218 91,965 100,000 100,000-# 
1,439 12,678* 9, 356* 93, 100,000+ 100,000~+ 
1,460" 13,542 9,434* 97,948 100,000-# 100,000 
1,491" ‘14,255 9,766 100,000~ 100,000+ 100,000~ 
1,505* 17,796 10,020 100,000" 100,000 100,000 
1,507" 17,912 10,133* 100,000-+  100,000~ 
1,547* 17, 9508 10, 378 100,000-# 100,000-# 
1,589 18, 040* 10,487 100,000+ 100,000 
1,56 20,634" 10,796 00, 000-# 
1,592 25,049 13,558 00, 
1,611* 32,502 14,293 00, 000-# 
1,641* 36 15,757* 00,000— 
1,663* 50,432" 21,830* 00, 000-# 
1,678*  50,716* 41,830# 00, 
1,822 55,525 56,998* 00, 000-# 
1,845 62,892"  71,283* .00,000-* 
1,863 73,501* +, 758* .00,000-* 
2,0h2*  76,074* .00, 000-* 
|| 
> 
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TABLE IV.—F/ y FROM BENDING TESTS ON SPRING TEMPER GRADE 
GRAIN SIZE, 0.05 PER 


Cycle Life to Failure at Zero 


Test Deflection— + 0.540 + 0,500 In, + 0,460 In. + 0.429 In. 
Rank | 


| 
5 i. is, 


as 


am » = 


> 


O68 


*Second Run 
Fatlure 


1 139 201 45* 
2 ‘ 180 22h 368 
150" 226 383 | 
230" 387* 527" 
5 152* 232 395* 5300 
9 155* 402 567" 
10 156 248 403 266 
15 156* 252* 504" 
i= | 14 161* 253 410 596 
15 161* 253 412* 599 
16 162 607 
= 163* 257% 413 
19 164* 259 45* 628 
20 164 262 638 
= 21 164* 263 «6 be 
39* 
23 166* 269 
I oh 171 271 «hee { 
- 25 171 271 
26 172 273* 
27 172 655" 
= 33 281 68h 
281* 440 685" 
te 39 189" 292* 757 
45 195° 332 528 807 
> 
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A (5 PER CENT TIN) PHOSPHOR BRONZE 
CENT PHOSPHORUS. 


Mean Stress (thousands) 


1,034 
1,050 


STRIP 0.035 MM READY-TO-FINISH 


100, 000— 
100, 000_# 
100, 000... 
100, 000_# 
100, 000_, 
100, 000_# 
100,000... 
100, 000_* 
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x 
R 
0 
+ 0.380 In. + 0.360 In. + 0.340 In. + 0,300 In. + 0.260 In. 
15 6 1,308* 13,368* 
1,419* 53 ,602* NORE 
819 1,440 59,190" 
827 1,557* 72,359" 
834 1,141 1,605 72,52 
837* 1,148 1,653" 74,593 
1,172 1,723 25198 
1,179 1,837* 3,463* 100,000, 
855 1,855* 88,369 100, 000_# 
863 1,304 1,902 100,000~ 100,000, 
867 1,322 1,946* 100,000" 100,000 
868 1,378 1,989* 100,000- 100,000. 
886* 1,399 2,286* 100,000-* 100,000% 
887* 1,422" 2,450" 100,000~ 100,000, 
889 1,426 2,450" 100,000-*  100,000-# 
899" 1,562 2,461* 100,000+ 100,000. 
902 1,577 2,526* 100,000-# 100,000" 
920 1,597 2,706 100,000—- 100,000. 
928 1,606 2,913* 100,000-# 100,000 
1,643 4,070" 100,000+ 100,000. 
969" 1,745 4,350 100,000-# 100,000.* 
987* 1,748* 4 ,678* 100, 000— 100, 000_, 
990* 1,778* 3+209 100,000-# 100,000." 
1,009* 1,797* 5,676" 100,000+ 100,000, 
1,011 9,503 100,000-# 100,000% 
1,021* 1,909* 10,606 100,000+ 100,000, 
1,023 1,920" 10,730" 100,000-# 100,000* 
1,038 1,961 12,950 100,000+ 100,000, 
1,041 1,970* 14,228 100,000-# 100,000 
1,046 2,025* 16,201 100,000+ 100,000, 
1,048" 2,037 17,983 100,000- 100,000.8 
1,061 2,337 19,705 100,000 100,000, 
1,087 2,547 20,462* 100, 000-# 100, 000_* 
1,090" 2,620" 20,479* 100,000+  100,000_, 
1,149# 2,736" 21,756 100,000-# 100,000-# 
1,162 -2,753* 22,771 100,000+ 100,000, 
1,185* 23,565 100,000-* 100,000-# 
1,192 3,417* 324790 100,000-# 100,000% 
1,200" 32867 33,061 100,000 100,000. 
17216" 3068 35,999 100,000-# —100,000-# 
1,227* 6,472* 42,62 100,000. 100,000, | 
1,241 7,432* 12,919 100,000-# 100,000_# 
1,244 79938 49, 038* 100,000-. 100,000_, 
1,310* 8, 400* 60,159 100,000-# 100,000_# 
1,311* 608# 72,855 100,000 100,000. 
1,464* 10,291" 75,075" 100,000 100,000 
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sidered to be from the same universe or 
not. 

To avoid confusion between the ex- 
perimental runs and the “runs” having 
asterisks, it seems desirable to refer to 
number of “groups” rather than the 
number of “runs.” To carry out the test, 
the number of groups of numbers with 
asterisks and numbers with no asterisks 
are counted. For example, for deflection 


TABLE V.—NUMBER OF GROUPS. 


Hard Temper Spring Temper 
Deflection, in. — 
Critical} Ob- {Critical} Ob- 
Value* | served | Value® | served 
17 29 17 25 
17 23 17 19 
17 30 17 23 
17 22 17 28 
0 17 18 17 24 
17 19 17 25 
17 19 2 6 
1l 15 
4 6 
3 5 


* This is the lower 2.5 per cent level and is 
used as follows: When there are 17 or more 
groups in the 48 observed values the two runs 
can be considered as two samples from the same 
universe. The critical number is smaller where 
there are runouts, as indicated. 

> Significantly fewer than expected. 


level +0.540 in. in Table III, there are 
29 groups for the 48 observed values. 
For two samples of 24, the expected 
number of groups is 25; for a significance 
level of 2.5 per cent, the critical value, 
Uo, iS 17 (13). If there are fewer than 
17 groups in the 48 observed values for a 
deflection level, the hypothesis that the 
two samples are independent random 
samples from the same universe would be 
rejected with a risk of being wrong equal 
to 2.5 per cent. If there are 17 or more 
groups, the two samples would be treated 
as if they were from the same universe. 
This test is not as powerful as other 
tests which assume a particular dis- 


tribution of the universe values, for 
example a normal distribution, but it 
has the advantage that it is valid for any 
universe having a continuous distribu- 
tion provided the samples are drawn at 
random independently (11). 

Table V gives the number of groups in 
the data of Tables III and IV. Whereas 
the critical value is 17 for two samples of 
24, the critical values for the low de- 
flection levels are smaller; there are 
fewer observed values since the run-outs 
are not counted. Therefore, the critical 
value corresponding to each deflection 
level and each temper is given. 

Only one value of number of groups is 
significantly low—that for +0.360 in., 
spring temper. All other values indicate 
that the two runs may be treated as one 
sample. However, further analysis 
showed that the data for three other 
deflection levels, +0.380 in. and +0.280 
in. for hard temper and +0.340 in. for 
spring temper, though they meet the 
“run test,” are in difficulty, as mentioned 
later.‘ 


OBSERVED FREQUENCY DISTRIBUTIONS 


The main purpose of this experiment 
was to study the distributions of cycle 
life values at several deflection (stress) 
levels. Figures 3 to 6 present the ob- 
served distributions in the form of fre- 
quency histograms (14). These charts 
do not include data for the deflection 
levels for which there are run-outs, ex- 
cept for +0.280 in., hard temper, for 
which there was only one run-out. The 
data for the lower deflection levels are 
shown in the cumulative distributions 
of Figs. 11 and 12. 

Figures 3 and 4 show the frequency 
distributions for runs 1 and 2 separately. 
The distributions for spring temper 
tested at +0.360 in. deflection, which 
were shown to be different by the “run 
test,” appear different when plotted. 


4See pp. 1105 and 1109. 
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Deflection, 


+0.280 
One runout in Run 2 


Y 


© 
£ 
0 
° 
2 
3 
2 


Y 
— 


4 


(Za 


0.10 0.12 0.14 
Number of Cycles to Failure 


Run No.| B Run No.2 


_Fic. 3.—Frequency Histograms of Cycle 
Life, Runs 1 and 2 Separate, Hard Temper, 
Grade A Phosphor Bronze Strip. 
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Number of Specimens 


Deflection, in. 


Y 


0. 


G 
VALI 


1 i 
0.175 o225x10 § 
Number of Cyles to Foilure 


Run Z run 


_ Fic. 4.—Frequency Histograms of Cycle 
Life, Runs 1 and 2 Separate, Spring Temper, 
Grade A Phosphor Bronze Strip. 
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Fic. 5.—Frequency Histograms of Cycle 
Life, Runs 1 and 2 Combined, Hard Temper, 


Grade A Phosphor Bronze Strip. 
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Fic. 6.—Frequency Histograms of Cycle 
Life, Runs 1 and 2 Combined, Spring Temper, 
Grade A Phosphor Bronze Strip. Jy 
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Also, the distributions for hard temper 
tested at 0.380 in. deflection look quite 
different ; the number of observed groups, 
18, is close to the critical value and thus 
the distributions are close to being called 
significantly different. Most of the pairs 
of distributions look like two random 
samples from one population. 

As mentioned earlier, the four runs of 
24 specimens (two runs for each of two 
tempers) were finished in each case be- 
fore the deflection of the fatigue machine 
was changed. The fact that even two 


Deflection, in. 


+0.420 


1 i 
5.8 5.9 


3 
a 
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E 
3 
z 


! 
49 5.0 §.1 5.2 5.3 
Log(Number of Cycles to Failure) 
Fic. 7.—Frequency Histograms of Log 


Cycle Life, Hard Temper, Grade A Phosphor 
Bronze Strip. 


successive runs appear to be different 
raises a question of how much varia- 
bility is introduced by the test when 
specimens are tested one at a time as is 
usual on many types of fatigue testing 
machines. 

Figures 5 and 6 show the frequency 
distributions of cycle life obtained by 
combining the total data of the two runs 
to give a better picture of the various 
distribution shapes. Figures 7 to 14 show 
the combined data for the several de- 
flection levels; the observed differences 
between runs will be taken into con- 
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sideration in the interpretation of the 
results. 


THEORETICAL DISTRIBUTIONS 


Forty-eight observed values are not © 
enough to determine conclusively what 
theoretical distribution best fits the 
data. However, the frequency histo- 
grams in Figs. 5 and 6 indicate that the 
universe distributions may be skewed, 
especially for the small deflection values, 
and that the skewness, if any, is posi- 
tive. Thus it is natural to try fitting the 


data with a log-normal distribution. 


Figure 7 shows frequency histograms 


for three deflection levels (hard temper) ; 


the abscissa values are the logarithms of = 
cycle life. The histograms for the de- 
flection levels +0.540 in. and +0.420 
in. appear to be approximately symmetri- | 
cal, but the histogram for +0.300 in. is — 
still decidedly skewed. Would the _ 
“extreme value” distribution be better? 
There are two “ultimate” extreme | 
value distributions, the distribution of — 
minima, which corresponds to the © 
“weakest link” theory (15), and the 
distribution of maxima. The distribution _ 
of minima is skewed to the left (negative 
skewness) while the distribution of | 


maxima is skewed to the right (positive _ 
skewness). Thus the extreme value dis- 
tribution for maxima would be appro- _ 
priate for data which are skewed to the 
right as are these data. 

Figure 8 shows the cumulative fre- 
quency distributions (14) for four de- — 
flection levels (hard temper) plotted on 
log-normal probability paper. The 
scissa scale is the normal probability 
scale and the ordinate scale is logarith- 
mic. The values of Table III were used 
in plotting the observed data. 

The plotting position on the abscissa 
scale is m/49, where m = rank as given 


in Table III. The use of as the 


m 
n+1 
plotting position, as well as the use of 
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Fic. 8.—Comparison of the Cumulative Distributions with Log-Normal and Extreme Value 
Distributions, Hard Temper, Grade A Phosphor Bronze Strip. 
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the normal probability scale as the ab- 
scissa instead of the ordinate (contrary 
to usual custom), is recommended in 
a publication of the National Bureau 
of Standards (16). For this type of data, 
the values are observed in order of 
failure, and thus the rank may be con- 
sidered to be the “‘fixed”’ variable. 

The solid straight lines through the 
plotted points represent the theoretical 
log-normal distribution fitted’ to the 
data by the use of the average and stand- 
ard deviation values. The dashed curves 
are the extreme value distributions for 
maxima fitted® to the data by the method 
of order statistics (17). It has been pointed 
out (17) that this new method of fitting 
the extreme value distribution to ob- 
served data is more efficient than the 


15- Deflection, in. 


i 


w 
‘ 


0.75 0.80 0.85 0.90 
Log Log (Number of Cycles to Foilure) 


Number of Specimens 


i 
0.95 


Fic. 9.—Frequency Histogram of Log-Log 
Cycle Life, Hard Temper, Grade A Phosphor 
Bronze Strip. 


methods proposed by Gumbel (16). The 
dashed curves would, of course, be 
straight lines on extreme value prob- 
ability paper. 

Except for the +0.300-in. deflection 
level (Fig. 8), the log-normal straight 
lines and the extreme value curves 
differ only at the ends, corresponding to 
the tails of the distribution. It would 
take perhaps hundreds of observations 
at each stress level to show statistically 
which distribution is better. Even then 
it might not be possible since some of the 
observed values in the tails seem to come 
from another distribution—for example, 


5 The equations of these fitted curves ap- 
pear in the appendix. 
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the “early” failures for deflection level 
+0.340 in. 

Figure 8 shows quite dramatically the 
sudden change in distribution from the 
deflection level +0.340 in. to the level 
+0.300 in. The data for the low de- 
flection levels have distributions quite 
different from those for the higher de- 
flection levels for which the failures oc- 
cur in a relatively short period of time. 
Neither the log-normal nor the extreme 
value distribution fits the data for the 
+0.300 in. deflection.® 

A frequency histogram of the ob- 
served data for the deflection level 
+0.300 in. (hard temper) is shown in 
Fig. 9. The abscissa values are the 
logarithms of the logarithms of cycle 
life. Whereas this histogram is still not 
symmetrical, it looks more compact than 
the corresponding histogram in Fig. 7. 

The cumulative distribution of these 
same data is shown in Fig. 10. The ab- 
scissa scale is the normal probability 
scale as in Fig. 8, but the ordinate scale, 
though labeled as cycles, is log-logarith- 
mic (the logarithms of the logarithms of 
cycle life). The solid straight line repre- 
sents the theoretical log-log-normal dis- 
tribution fitted to the observed data. The 
dashed curve is the log-extreme-value 
distribution (the extreme value distribu- 
tion fitted to the logarithms of the ob- 
served values). The dashed curve and 
straight line differ appreciably only in 
the left tail, where the log-extreme-value 
distribution appears to be better. The 
chi-square test for “goodness of fit” 
(18) gives no definite indication that one 
distribution is better than the other. 

The conclusions from this study of 
fitting log-normal and extreme value 
distributions to these observed data are: 

1. The log-normal distributions may 


6The computations of the extreme value 
curve has been thoroughly checked; the cause 
of the change in shape has not been determined. 
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be used for the finite life end’ of the 
deflection-cycle life curve, that is, the 
higher deflection levels: +0.340 in. 
and above for hard temper and +0.380 
in. and above for spring temper. 

2. The log-log-normal distribution 
may be used for the infinite life end of 
the deflection-cycle life curve, that is, 
the lower deflection levels. The extreme 
value distribution does not appear to fit 
better. 

Figures 11 and 12 show the cumula- 
tive distributions for most of the de- 
flection levels* with a break in each 
ordinate scale to take care of the two 
different scales for the two ranges of 
deflection levels. 
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values of number of cycles to failure is 
unknown. Most of the low values were 
in run 2 as shown in Fig. 4. 


DEFLECTION-CYCLE LIFE CURVES 


The plotted points on the deflection- 
cycle life curves’ of Fig. 13 (which can 
be converted to the conventional stress- 
cycle life, S-N, curves by use of the 
relationship for converting deflection 
to stress given in Fig. 1) are the cycle 
life values corresponding to the inter- 
sections of the fitted lines with the lines 
for percentage of failures equal to 5, 50, 
and 95 in Figs. 11 and 12. A definite 
break in the 5 per cent and 95 per cent 


Number of 


Cycles to Failure 
3 


The solid straight curves appears between the deflection 
T T T T T T ' 
+0.300 
4 
Defiection,in. 
0.5 5 50 95 995 
99.5 95 50 0.5 


Percentage of Survivors 


al 


Fic. 10.—Comparison of a Cumulative Distribution with Log-Log-Normal and Log-Extreme- 
Value Curves, Hard Temper, Grade A Phosphor Bronze Strip. 


lines represent the log-normal or log- 
log-normal distributions, depending upon 
the range of deflection levels, which 
were computed from the data. For pur- 
poses of this preliminary investigation, 
the dashed lines were drawn parallel to 
the fitted log-log-normal lines, that is, 
parallel to the lines for +0.300 in. de- 
flection, hard temper, and +0.360 in. 
deflection, spring temper. They ll 
appear to fit the data except for the 
+0.340 in. deflection level for spring 
temper; the reason for the excess of low 


7The terms “finite life end” and “infinite 
life end’’ are used rather loosely to describe 
the parts of the deflection-cycle life curves 
before and after the “knee”. (See Fig. 13). 

§ The curves for +0.260 in. and +0.280 in. 
deflections were omitted in Fig. 11 hecause they 
cross adjacent curves. 


levels of +0.340 in. and +0.300 in. for 
hard temper, as well as between +0.380 
in. and +0.360 in. for spring temper, 
because of the abrupt change in spread 
of the cycle life values. Beginning with 
the +0.300 in. deflection level for hard 
temper and the +0.360 in. deflection 
level for spring temper, the curves are 
broken because the points for the smaller 
deflection levels are based on the 
dashed lines of Figs. 11 and 12 which 
were not actually computed (as noted 
previously). 

The 50 per cent curve corresponds to 
the median value of cycle life for each 

*The deflection scale should be the abscissa 
and the number of cycles the ordinate, from a 
statistical standpoint, but the method used is 


the conventional one for plotting this type of 
curve. 
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Fic. 13.—Deflection-Cycle Life Curves, Hard Temper and Spring Temper, Grade A Phosphor 
Bronze Strip. 
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Fic. 14.—Comparison of the 50 Per Cent Curve (Fig. 13) and Medians of Samples of 5, Grade A 4 . 
hor Phosphor Bronze Strip. 
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deflection level. The 95 per cent and the 
5 per cent curves correspond to the mean 
+1.650 values, where o is the standard 
deviation of individuals. These curves 
were computed in terms of the trans- 
formed values, logarithms for the finite 
life end and logarithms of logarithms for 
the infinite life end, and then converted 
to values of cycles-to-failure. 

The curves shown in Fig. 13 are based 
on 48 observed values at each of the sev- 
eral deflection levels. Seldom, however, 
are 48 specimens tested; sometimes only 
one specimen is available for test, more 
frequently 4 or 5 specimens are tested at 
each deflection (stress) level. Hence a 
comparison of the results of tests made 
on 48 specimens with those made on only 
5 specimens (the number normally used 
at the Bell Telephone Laboratories) has 
seemed desirable. Figure 14 shows a 
comparison between the 50 per cent 
curve, based upon 48 values, and the 
medians of samples of 5 (small circles). 
The minima and the maxima of the 
samples of 5 are included on the same 
chart (as the ends of the dashed lines). 
These samples are the first 5 values of 
run 1, corresponding to positions 1 to 5 
as given in Tables I and II. Since the 
arrangement of the observed values by 
positions can be treated as a random 
arrangement of their magnitudes,'® this 
may be considered to be a random sample 
of 5 from the larger sample. 

At the finite life end of the curves, the 
50 per cent curve fits the medians of 5 
specimens fairly well for hard temper and 
phenomenally well for spring temper. 
This is not the case for the infinite life 
end of the curve; many more specimens 
are needed for estimating median life 
with the same precision—that is, the 
same width of confidence limits—in that 
region due to the large increase in varia- 
bility. When the purpose of the test is 
to estimate median life at several de- 
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10 See p. 1093. 


flection (stress) levels, it probably would 
be better to test more specimens in the 
region of infinite life than in the region of 
finite life, instead of testing the same 
number of specimens at each deflection 
(stress) level. This is of particular im- 
portance when only a few specimens are 
available for test. The transition region 
warrants further study; for example, 
several specimens tested at the +0.320-in, 
deflection level for hard temper would 
provide additional information about the 
shapes of the curves as well as about the 
distributions. 

An advantage of testing a larger num- 
ber of specimens in regions of greater 
interest is the improvement in the pre- 
diction that can be made about the per- 
centage of universe values below the 
sample minimum. For samples of 5 it may 
be said that in 90 per cent of the samples 
the percentage below the observed 
minimum will not exceed 37 per cent 
(19). For samples of 20, the percentage 
would not exceed 11 per cent in 90 per 
cent of the samples; for samples of 48 
the percentage would not exceed 4.7 per 
cent in 90 per cent of the samples. These 
statements are based on nonparametric 
statistics and assume no particular dis- 
tribution of cycle life values. Even though 
a theoretical distribution has been fitted 
to values of cycle life, it is safer to make 
statements about the tails of the dis- 
tribution in terms of nonparametric 
statistics, since the theoretical distribu- 
tions are only known, experimentally, to 
fit in the middle, and since not all 
theoretical distributions which appear to 
fit in the middle give the same results 
in the tails, as shown in Figs. 11 and 12. 
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RESPONSE CURVES 


From the intersections of the fitted 
lines and a constant value of cycle life, 
such as 10°, 10’, or 10°, the expected per- 
centage of failures for a given deflec- 
tion level may be read from Figs. 11 and 
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12. The defléction levels used are not 
really close enough together to plot 
“response” or “probit” curves (20) for 
the percentage of specimens having 
cycle life values less than a particular 
value. If the experiment had been de- 
signed for that type of analysis, the 
deflection levels used would have been 
grouped so that several fitted lines would 
intersect the lines corresponding to the 
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whereas the percentage of failures may 
have any value from 0 to 100 and is the 
dependent variable. The lines connecting 
the observed points are dashed because 
there are too few points for determining 
the lines accurately. 

Since lines like those in Fig. 15, which 
estimate the means of binomial distribu- 
tions, do not change drastically from one 
range of deflection levels to another, it is 


/ 


10° Cycles 


Percentage of Failures before o Particular Cycle Life 
° 


0.20 0.25 


0,30 0.35 0.40 
Deflection,in. (+) 


Fic. 15.—Response Curves Showing the Relation Between Percentage of Failures, Deflection and 
Cycle Life, Hard Temper, Grade A Phosphor Bronze Strip. 


particular values of cycle life for which 
curves are wanted. 

An example of this type of chart is 
shown in Fig. 15. The values of per- 
centage of failures before 10°, 10’, and 
10° cycles were plotted on the normal 
probability scale because it tends to 
straighten response curves of this sort 
into straight lines. For this chart, the 
deflection values (not the percentages) 
are used for the abscissa scale because 
they are the “fixed” values. The values 
of deflection were chosen in discrete steps 
and are the independent variable, 


possible that this type of analysis might 
replace analyses requiring the fitting of 
cycle life distributions. The response 
curves are already being used (21) for 
locating the endurance limit, the de- 
flection level (stress) corresponding to 
50 per cent failures before 10° (or some 
other number) of cycles. They may be 
used for other percentage points and 
other values of number of cycles if the 
experiment is designed so as to give 
several values for each curve. In that 
case, the response curves would be fitted 
to the observed values of , the per- 
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centage of failures, directly without 
fitting the distributions of cycle life 


values. 
CONCLUSIONS 


ae the basis of these studies the 


authors conclude that: 

1. For the theoretical distributions 
investigated, the type of distribution of 
cycle life values at the infinite life end 
of the deflection-cycle life or S-N curve 
is different from the type of distribution 
at the finite life end. 

2. In designing an experiment for the 
purpose of making a deflection-cycle life 
or an S-N diagram for materials like 
those tested, the number of specimens 
per deflection level tested at the infinite 


additional ones) are given in this appendix. 
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APPENDIX I 
The equations of the fitted lines and curves shown in Figs. 8, 11 and 12 (as well as a few 


life end of the curve should be consid- 
erably larger than the number tested at 
the finite life end. 

3. Since the change in the type of 
distribution for small versus large de- 
flection levels does not seem to have an 
appreciable effect on response curves, 
their use for several values of cycle life, 
such as 10°, 10’, and 10°, should be in- 


vestigated further. 
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EQUATION FOR Loc-NorMAL LINES 


' Estimated Number of Cycles = antilog (log N + tpoiog w) 


where: 


log N = average of the logarithms (to the base 10) of the observed N values, — 


Slog N = Standard deviation of the logarithms of the observed N values, and - 
_ tp = Normal deviate corresponding to the cumulative percentage of failures 
divided by 100. For example: 
5 —1.645 
50 
80 +0.842 = 
FACTORS FOR SEVERAL DEFLECTION VALUES. 
4 Hard Temper Spring Temper 
Deflection, in. 
log Clog N log N Clog N 
5.083 0.050 5.235 0.043 
5.302 0.054 5.433 0.053 
5.696 0.063 5.812 0.064 
6.133 0. 


lo 
“fp 
- 
+ 
+ 
. 
k 
<— 
| 
| 
run 1 0.52 
a run 2 6.625 0.501 
0.300 (2 runs combined) . 6.885 0.489 
i 
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EQUATION FOR Loc-LoG-NoRMAL LINES 


Estimated Number of Cycles = antilog [antilog (log log N + tpotog tog n)) 


where: 


log log N = average of the logarithms of the logarithms (to the base 10) of the observed N 
values, 

= standard deviation of the logarithms of the logarithms of the observed N 
values, and 

= Normal deviate (see Log-Normal). 


Flog log N 


Deflection, in. 


FACTORS FOR SEVERAL DEFLECTION VALUES. 


Hard Temper Spring Temper 


log log N Clog log N log log V log log N 


0.019 
0.036 
0.033 
0.032 
0.837 0.030 a 

0.829 0.022 
0.845 0.034 


EQUATION FOR EXTREME-VALUE CURVES 


Estimated Number of Cycles = + 


where values of a; and 5; are given on p. 72 of reference (17): _ ‘ 


N; = observed values of number of cycles to failure, 

k number of subgroups, - 

P cumulative percentage of failures divided by 100, and 4 

y — log. (— log. P); values may be read from Table 2 of ‘Probability Values for the 
Analysis of Extreme Value Data,” National Bureau of Standards, Applied Mathe- 
matics Series 22, p. 19 (July 6, 1953). ; 


FACTORS FOR SEVERAL DEFLECTION VALUES. 


Hard Temper Spring Temper 


k 


LbiNi 
k 


k 


k 


115.396 
469.791 
262.833 


8 121.496 
5 118.639 
11 124.352 


12.492 
57.015 
198.521 


10 494.047 
5 265.283 
15 722.811 


164.901 
608.165 
9 201.697 
13 461.418 
4 941.975 


12.946 
88.511 
10 200.613 
13 543.784 
6 857.441 


an 
fe 
n- 
ns. +(.340 (2 runs combined) . 
+0.300 (2 runs combined) . 
-, 
4 
; 
& 
~ 
| 
+(0.340 (2 runs combined) . 
+0.300 (2 runs combined). 


Number of Cycles = antilog | 
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i, 


where: (see Extreme-Value Curves). 


Za; log N; 


~ EQUATION FOR LoG-EXTREME-VALUE CURVES 


(= log N; 


k k 


FACTORS FOR TWO DEFLECTION VALUES. 


+(0.340 (2 runs combined). 


Hard Temper 


Spring Temper 


Deflection, in. 
log Ni 
k 


log Ni 
k 


log Ni 2b; log Ni 
k k 


0.370 
0.248 
0.493 


6.631 
6.844 
6.418 


0.408 
0.490 
0.326 
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DISCUSSION 


Mr. Frank A. McCutntock' (pre- The major attempt of the authors lies 
sented in written form)—The usefulness _ in fitting a P-N curve (probability dis- 
of these already interesting results would tribution of number of cycles to failure) 
be increased by the presentation of data to the observed data. The three distri- 
on the reproducibility of the machining butions—the log-normal, the extreme- 
and on the variability of the strip stock value, and the log-log normal which are 
from side to side or from one length to discussed and compared have certain 
another. Are such data available? Should advantages at different portions of the 
further tests be contemplated, if the curve. 
program were laid out in randomized Contrary to the statement on page 
blocks rather than completely at random 1105, there are three types of extreme- 
one could use analysis of variance to value distributions, originally derived by 
study the importance of such factors Fisher and Tippett (22). Each type is 
directly from the main body of the data for a maximum, but the mirror-image 
instead of resorting to supplementary can be made to serve for a minimum. 
tests. If these additional factors are of (a) Type I is the one utilized by the 
importance, then the reported distribu- authors. As they point out, this distribu- 
tion functions are a composite of several. tion for minima is skewed to the left, 
The use of these distributions, for ex- but their data are skewed to the right; 
ample, to predict that part of the size hence, this distribution does not seem to 
effect which is due to statistical causes, be applicable. Although the curve goes 
would depend on which factors were of to infinity in both directions, this does 
primary importance in contributing to not necessarily mean that the data from 
the scatter. which maxima (or minima) are taken 

Mr. H. E. FRANKEL? AND MR. J. must also be unlimited. 

LIEBLEIN? (presented in written form).— (6) Type II is a distribution that is 
The authors are to be congratulated on infinite in only one direction, having an 
the thoroughness of their work. Particu- upper limit, in the case of minima, and, 
larly noteworthy is the inclusion of their therefore, skewed to the left. However, 
extensive data in sufficient detail for the this particular distribution may not have 


benefit of those who wish to make fur- as much interest, since it applies only to 
ther studies of the subject. There are, minima, for data which do not have a 


however, several points upon which  jjmit. 
clarifying comments can be offered. (c) Type IIL is skewed to the right 


! Massachusetts Institute of Technology, and corresponds to minima for values 
Cambridge, Mass. 

* Metallurgist and Statistician, respectively, % The boldface numbers in parentheses refer 
National Bureau of Standards, Washington, to the list of references appended to this paper, 
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having a lower limit, such as would be 
the case with the “strengths” of the 
flaws called for by the “weakest-link” 
theory. It is, therefore, suggested that 
perhaps this type commends itself as the 
one for fitting an extreme-value distribu- 
tion to the data in place of the type I 
discussed by the authors. This type III 
distribution for minima is probably more 
familiarly known as the Weibull distribu- 
tion. 

The authors have, apparently without 
realizing it, fitted a Weibull distribution 
to the data when they fitted a type I 
distribution to the logarithms as in Fig. 
10. It has been shown that if data follow 
a Weibull distribution, then their log- 
arithms follow a type I extreme-value 
distribution. For the higher stress levels, 
at any rate, this distribution is not im- 
proved upon by the log-normal. Since 
there is skewness present in the log- 
arithms it may seem worthwhile to use a 
Weibull distribution. However, there 
may be a difficulty in the presence of a 
so-called “minimum life” that is, below 
which a specimen will have zero proba- 
bility of failing; this minimum life will 
depend upon stress level. A more flexible 
form of this distribution is available hav- 
ing three parameters (23), which give it 
an important advantage over the two- 
parameter log-normal or type I extreme- 
value curves. The third parameter is the 
minimum life, mentioned above, and by 
suitably varying this parameter it may 
be possible to use a single distribution to 
fit all stress levels. If this can be done, it 
will give a more useful and satisfactory 
understanding and treatment of fatigue 
phenomena than trying, on a_ purely 
empirical basis, to fit two different, unre- 
lated distributions to a continuous fa- 
tigue curve. 

The log-log normal distribution appar- 
ently was introduced as an attempt to 
fit the data. Since it is an empirically 
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obtained function there are no valid 
reasons for expecting the same distribu- 
tion to fit any other situations. 

Mr. WuHippen.*—I agree 
with the comments of Mr. Frankel and 
Mr. Lieblein. I want to add one more 
point. 

I note that no attempt has been made 
by the authors to randomize the order 
of deflection levels. This leads to the 
result that on the S-\V diagram, those 
higher deflection levels were all attained 
before a certain date, which was around 
February 1, 1953, and all those lower 
deflection levels after that. 

This, of course, leaves room for real 
criticism of the procedure because of the 
obvious confounding of deflection levels 
with time. 

Mr. J. C. MILtson® (presented in 
written form).—This paper by Miss Tor- 
rey and Mr. Gohn is of interest not only 
for the data it presents but because it 
will allow others to make use of the ex- 
perimental results for their own sta- 
tistical treatment. 

The authors’ mention that Fig. 8 is a 
graphic illustration of the change in dis- 
tribution brought about by a change in 
deflection level. It has been the con- 
clusion of our staff, working on the study 
of pitting corrosion and using the extreme 
value distribution for analyzing the re- 
sults, that such a change in trend could 
also be the result of a particular experi- 
ment being out of control. The close 
agreement of log-normal, extreme value, 
and log-log normal curves is so good 
compared to many in the literature that 
this departure warrants examination. 

The authors’ long experience in this 
field may justify conclusion 2, purely 
from their knowledge of the material. It 
might also be said that the apparent lack 

*Head Mathematical Service Section, Alcoa, 
Pittsburgh, Pa. 


5 Aluminum 


Laboratories, Ltd., Kingston, 
Ont. Canada. 
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of sensitivity at low deflections is due 
almost entirely to the fact that testing 
ended at 10° cycles, and that at the lower 
deflections (see Tables I and II) most of 
the specimens had not broken at this 
level. Hence, all that can be concluded is 
that the life is 10° or greater and running 
more samples cannot improve the esti- 
mate. Put rather differently, the stand- 
ard deviation of one run of one temper 
at high deflections can be well estimated 
(see Table I) with 23 deg of freedom, but 
estimates at low deflections would have 
to be based on only 2, 3, or 4 deg of free- 
dom. 

Two approaches to this problem are 
possible: (1) to agree that lives beyond 
10° are of no interest and to ignore the 
low stress end of the curve; (2) if the low 
end contains information worth having, 
carry out the test with the same number 
of samples beyond 10° cycles. 

The final curve, Fig. 15 (response 
curve) suggests a most interesting way 
of analyzing fatigue data, and the au- 
thors are to be congratulated for this 
excellent suggestion. Their particular 
curves are of limited range, and methods 
of extending the lines would be worth 
having. 

Mr. F. B. STuULEN® Mr. H. N. 
CuMMINGS® (presented in written form) .— 
Reading and studying this paper in con- 
siderable detail has given us a great 
deal of satisfaction because in all of the 
findings and the conclusions of the au- 
thors we find confirmation of our own 
findings and conclusions. We have tested 
and statistically analyzed, to date, over 
4000 R. R. Moore rotating-beam speci- 
mens, principally steel, of which nearly 
3000 have already been reported in 
WADC Technical Reports references 
(24,25,26). Although we used a different 
metal, different type of specimen, differ- 


‘Curtiss-Wright Corp., Propeller  Div., 
yw? 
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ent method of fatigue stressing, and 
different speeds of testing, we find our- 
selves in complete agreement with the 
three conclusions stated at the end of 
the paper. 

In going through the paper we find a 
few places where we should like to make 
comments or ask questions. Regarding 
the sheet fatigue specimens, the ASTM 
Manual on Fatigue Testing’ does not 
indicate any special treatment of the 
edges. Assuming that the flat strip spec- 
imens used by the authors had the sharp 
edges implied by the ‘“cross-milling” 
procedure stated in the paper, it would 
be interesting to know if the bronze spec- 
imens showed any significant edge- 
weakness. A study of the location of the 
nucleus of fatigue failure might reveal 
such a weakness, if in general the frac- 
tures nucleated at or close to an edge. 
It has been shown (27,28), that steel flat 
specimens show this weakness, but so 
far as we know there are no statistical 
studies on the subject with reference to 
the non-ferrous metals. For design pur- 
poses, it would be useful to know whether 
or not rounding the edges of non-ferrous 
parts would significantly increase their 
fatigue strength. 

As a matter of increasing our under- 
standing of the mechanism of fatigue, 
it would be interesting to know if the 
authors have studied the fracture sur- 
faces of the bronze specimens to see if 
the number of nuclei of fracture has any 
relation to the stress level. We found a 
clear correlation in the case of both air 
melted and vacuum melted high-strength 
steels (24,26), but have not yet had the 
opportunity to investigate non-ferrous 
metals at both low and high stress levels. 

Under the heading “‘Data” the authors 
state that the “run test” indicated that 
in only one set of data was there indica- 


7“Fatigue Manual,’’ (Issued as separate 


publication ASTM STP No. 91) (1949). 


4 
4 i 
| 
fe 
e 
d 
e 
Is 
n 
| 
it 
X- ‘hs 
4 
a 
n 7 
ly 
ld 
wi 
1e 
an 
at 
11S 
ly 
It 
ck 
oa, 


1120 


tion that the two runs could not be 
treated as a single sample, although 
“further analysis showed that the data 
for three other deflection levels... . are 
in difficulty.” We recommend another 
simple test, the “rank test,” which is 
described by Wilcoxon (29). We found 
this rank test picked out not only the 
set of data that the run test detected, 
but also two of the other three sets, that 
were “in trouble.”’ Of course, this one 
occurrence does not prove the rank test 
to be always more sensitive, but at least 
it suggests another simple way of catch- 
ing differences in ‘“‘populations.” 

We were particularly interested in the 
plots, on normal probability paper, of 
life at constant stress (deflection), Figs. 
11 and 12, and of strength at constant 
life, Fig. 15, to note another confirma- 
tion of our observations on high-strength 
steel. The slopes of the straight lines 
drawn through the sets of test points 
increase as the stress decreases, on Figs. 
11 and 12, and as the life increases, on 
Fig. 15. In other words, the scatter is 
not constant for all values of stress, nor 
for all values of life, in the case of the 
bronze tested by the authors. The scatter 
in life is relatively large at low fatigue 
stress, and the scatter in strength is 
relatively large at long fatigue life. It 
seems to us that this characteristic, rela- 
tively high variability in the lower stress, 
longer life, region, which we found (24, 
25,26), in steel, and the authors have 
found in at least one non-ferrous metal, 
may be tied in somehow with the mech- 
anism of fatigue. There may be a change 
in the sensitivity to whatever stress 
raisers cause crack initiation and propa- 
gation, as the fatigue stress level is 
raised. Metallographic examination of 
the fracture surfaces might suggest a 
hypothesis as to the reason for this 
change in population. 

The authors state in their conclusions 
that what they refer to as “response” 
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curves have the advantage that change 
in the type of distribution of fatigue life 
for small versus large deflection levels 
does not seem to have any appreciable 
effect. And they recommend that the use 
of response curves for several values of 
cycle life be investigated further. In 
effect, they recommended investigating 
the analysis of fatigue data on the basis 
of probabilities of surviving various 
stresses for fixed numbers of life cycles. 
It is interesting to note that, until very 
recently, the S-V curves reported as a 
result of fatigue testing have actually 
been hybrids. That is, the high stress 
part of an S-V curve was drawn through 
the mean, or the median, life (or log-life) 
values, and the lower part, below the 
knee, was drawn through either the av- 
erage stress, or sometimes conservatively 
below the stress at which the last speci- 
mens failed. To put it in the words of the 
mathematicians, for the upper part of 
the graph, stress was the independent 
variable, and, for the lower part, the 
fatigue life, which had been the de- 
pendent variable became the independ- 
ent variable. Actually, so far as we have 
been able to determine in our own stud- 
ies, this was not particularly serious so 
long as only one curve—the average 
curve—was drawn. But for probabilities 
other than 50 per cent, the variables are 
not interchangeable, in general, except- 
ing that where the graph is a straight 
line and the variance is practically con- 
stant along the straight line we have 
found (24) that for all practical purposes 
they may be interchanged. To present 
S-N curves of constant probability that 
are consistent throughout the whole 
range of life cycles, we have analyzed all 
our data for the mean and the standard 
deviation of stress at constant life. And, 
exactly as suggested by the authors, we 
have used the response testing techniques 
for the long-life portions of the curves, 
following Finney’s ‘“Probit Analysis” 
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(30). (For the short-life portions of the 
curve we use the standard linear regres- 
sion analysis selecting sections of the 
curve that can reasonably be represented 
by linear functions.) 

In closing, we wish to compliment the 
authors on having presented such a 
comprehensive study of a problem so 
fundamental to the use of statistical 
methods in the analysis of fatigue test 
data. 

Mr. E. H. Scuuette® (presented in 
writlen form).—The authors are to be 
thanked for having prepared a collection 
of test data specifically designed for 
checking today’s hypotheses regarding 
the nature of life distribution. Of par- 
ticular interest is the distinct change in 
this distribution that occurs at the break- 
point in the S-\V diagram. 

In most aluminum and magnesium 
alloys, no such sharp break in the S-NV 
curve is observed. Instead, the curve 
shows a continuous decrease in slope 
throughout the life range usually re- 
corded. It has been my own casual ob- 
servation—never so rigorously checked 
as in this paper—that the nature of the 
distribution of lives also changes grad- 
ually with changing stress or deflection. 
Thus, for our purposes, a good fit will 
not be obtained by any one, two, or 
other finite number of distribution forms. 
To me, this further emphasizes the de- 
sirability of using medians rather than 
means, and other non-parametric meth- 
ods for estimating extremes, so that re- 
sults will be unaffected by differences in 
the nature of life distribution. 

I see no need for precise definition of 
the tails of the distribution; it seems 
completely pointless to me to worry 
over a stress difference of perhaps 0.1 
per cent when the very next batch of 
Supposedly identical material may turn 
up with properties different by several 
per cent. 


* The Dow Chemical Co., 


Midland, Mich. 
=, 
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Mr. G. W. Sticktey.*—I would like 
to ask how the curves are fitted to the 
data and what equations were used for 
the curves representing the different 
directions. 

Miss M. N. Torrey (author).—It 
seems convenient to answer the discus- 
sions in reverse order. 

In answer to Mr. Stickley, the equa- 
tions for all the fitted curves are given 
in the Appendix to the paper. 

Mr. Whidden’s suggestion for ran- 
domizing the order of the deflection 
levels is a good one. It is a procedure 
which will be used in the next experi- 
ment. However, in the spring temper 
data (shown in Table II) the two runs 
for the deflection level +0.360 in. were 
made about a year after all other runs 
were finished. The observed values ap- 
pear to fit in between the values for the 
deflection levels +0.380 in. and +0.340 
in. as well as if the levels had been tested 
in order. This gives some assurance that 
the marked increase in variability at the 
lower deflection level was not due to a 
change in the machine. 

This relates also to one of Mr. Mill- 
son’s comments. He suggested that the 
increase in variability could be an indi- 
cation of an experiment being out of 
control. The consistency of the data 
for +0.360 in., mentioned previously, 
seems to indicate that the experiment 
was in control. In the next experiment 
the order of the deflection levels will be 
randomized so that the change in level 
is not confounded with time. 

Concerning other comments by Mr. 
Millson about computing standard devi- 
ation values for the distributions of cycle 
life at the several deflection levels, the 
standard deviations would not be com- 
puted in the usual way when there are 
run-outs. A standard deviation value 
might be estimated from a regression 


9 Assistant Chief, Mechanical Testing Div., 
Aleoa Research Labs., New Kensington, Pa. 
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line fitted to the cumulative distribution, 
or the method of estimating the standard 
deviation of a truncated distribution 
might be used if the proportion of run- 
outs were small. Either method would, 
in effect, use the results for the entire 
sample. 

In answer to Messrs. Frankel and 
Lieblein, the authors used the term “ulti- 
mate extreme value distributions” to re- 
fer to the distributions for minima and 
maxima, not to refer to the types of ex- 
treme value distributions. (The word 
“ultimate” was suggested by Dr. John 
Tukey.) 

One difficulty with using the type III 
extreme value distribution is the neces- 
sity for estimating three parameters. 
The usual small samples are hardly ade- 
quate for estimating two parameters; 
their use for estimating ‘‘minimum life, 
below which a specimen will have zero 
probability of failing” would seem to be 
impractical except for the case where 
the value of minimum life is estimated 
to be zero. 

Mr. McClintock raises interesting 
questions on the reproducibility of the 
machining and on the variability of the 
strip stock. Such information is not 
available for this experiment but it is 
planned to get such information in the 
next experiment. 

There is one difficulty in using analysis 
of variance techniques where the data 
cover a range of deflection levels; that 
is the choice of a transformation that 
will normalize the various distributions 
of cycle life. In such a study it might be 
necessary, therefore, to restrict the anal- 
ysis to a limited range of deflection levels. 

Mr. G. R. Goun (author) —Mr. Cum- 
mings has raised several questions per- 
taining to the actual testing. We have 
not observed any edge effect in our tests. 
The specimens tested had a nominal 
thickness of 0.040 in. From the time the 
first crack was detected in the “‘as rolled” 
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surface, rate of crack propagation was 
so fast that it was very difficult to stop 
the test run in time to make a metal- 
lographic examination prior to complete 
fracture. No studies have been made in 
these tests to determine the location of 
the fatigue nucleus. Perhaps this can be 
included in the next series of tests, in 
which case a better answer can be given 
to Mr. Cummings’ question. His sug- 
gestion with respect to the possibility 
of rounding off edges is a good one and 
an experiment will be performed on sev- 
eral sets of specimens, half with rounded 
edges, to see if the fatigue life of the 
specimens with rounded edges is differ- 
ent from that of specimens prepared by 
the normal cross-milling methods. 

The results of the “rank test” are 
interesting. There are possibly many 
other ways of analyzing the data. In 
our opinion, the most useful thing ac- 
complished in this paper is the presenta- 
tion of new data for others to study. 

M. N. Torrey AND G. R. GOHN (au- 
thors’ closure)—The authors are pleased 
by the interest shown in the paper and 
are appreciative of the several sugges- 
tions for future investigations. 

Since the presentation of the paper, a 
study has been made of the appropri- 
ateness of the log-extreme-value distribu- 
tion for fitting the observed distributions 
of cycle life for the higher deflection 
levels. This study was prompted by 
the recommendations of Messrs. Frankel 
and Lieblein that the type III extreme 
value distribution might fit the data 
for all stress levels. They indicated that 
fitting a type I distribution to the log- 
arithms of the observed values is ana- 
logous to fitting a type III distributions 
to the observed values. 

Preliminary results, using the data for 
hard-temper strip, deflection _ levels 
+0.540 in. and +0.340 in. indicate: 

1. The log-normal distribution fits 
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best (P = 
tively), 
The extreme-value distribution is 
next best (P = 0.07 and 0.67 re- 
spectively), and 

3. The log-extreme value distribution 

is the poorest (P = 0.04 and 0.31, 
respectively). 

P = probability of as great a difference 

between the observed and theoretical 

distributions due to chance alone. 

The number of degrees of freedom in 
all cases is 6 which is small due to the 
grouping of the values in the tails. As 
mentioned in the paper (p. 1107) it would 
take perhaps hundreds of observations 
to show which distribution is actually 
best. However, it does appear that the 
log-normal distribution may be used for 
fitting data at the finite life end of the 
deflection-cycle life curve as concluded 
in the paper on p. 1109. 

(22) R. A. Fisher and L. H. C. Tippett, “Limit- 
_ ing Forms of the Frequency Distribution 
of the Largest or Smallest Member of a 
Sample,” Proceedings, Cambridge Philo- 
sophical Soc., Vol. 24, Part 2, pp. 180-190 

(1928). 
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Three comments are offered on the 
discussion by Messrs. Stulen and Cum- 
mings: 

1. In Fig. 15 of the paper, the slopes 
of the lines appear to increase as life de- 
creases (not increases). Actually there 
are not enough points to determine 
whether the slopes change or not. 

2. The lines in Fig. 15 are regression 
lines relating percentage of failures and 
deflection level. They are not intended 
to represent cumulative distributions of 
deflection levels or strength. Thus they 
do not give estimates of “scatter in 
strength.” 

3. The authors believe that in the 
usual type of fatigue testing, stress is 
always the independent variable and 
that fatigue life is always the dependent 
variable. They are not “interchange- 
able.” 
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A WIRE FATIGUE MACHINE FOR INVESTIGATION OF THE INFLUENCE 


By H. T. Corten'! 


OF COMPLEX STRESS HISTORIES* 


AND G. M. SIncrarr! 


SYNOPSIS 


A wire fatigue testing machine is described that operates on the principle 
ofa deflected rotating strut. This equipment was designed to investigate 


peated blocks of cycles. With this wire machine the stress amplitude may be 
changed rapidly from one level to another without inducing noticeable vi- 
bration in the wire specimen. For a comparative study of material behavior, 
wire fatigue testing incorporates several particularly desirable features, namely, 


inexpensive specimens and small scatter of data. The results of constant 
stress amplitude tests of steel wire are presented and analyzed statistically. 


a fatigue life for complex stress histories, particularly those consisting of re- 


In the field of progressive fracture of 
metals, knowledge has accumulated to 
the point where it is recognized that 
numerous factors influence fatigue be- 
havior. Most of the early work, however, 
must be viewed as exploratory in view 
of the statistical variability of results, a 
fact that has been fully recognized for 
only a few years. When quantitative re- 
sults are desired, as for example a com- 
parison of the fatigue strength or fatigue 
life of members subjected to different 
stress histories, a statistical study includ- 
ing experimental design and analysis of 
the results becomes imperative. Pos- 
sibly the greatest benefit to be derived 
from such a procedure is an estimate of 
the exactness that can be associated with 
a given result, or, as is more often the 
case, the degree of inexactness that 
must be accepted. 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society June, 17-22, 1956. 

1 Research Associate Professor, Department 
of Theoretical and Applied Mechanics, Uni- 
versity of Illinois, Urbana, IIl. 


The reliability of a measurement may 
be increased by employing a larger num- 
ber of specimens; however the estimate 
of reliability, say 95 per cent confidence 
limit, varies inversely as the square root 
of the number of specimens.” For exam- 
ple, if 10 specimens were used to measure 
a result and it was desired to reduce the 
range enclosed by the 95 per cent confi- 
dence limits to approximately one-half 
of their present value, a total of 37 
specimens would be required. Consider- 
ing the time and cost associated with 
testing this number of specimens, a 
point of diminishing returns is soon 
reached, unless very simple, rapid test- 
ing procedures and inexpensive speci- 
mens can be employed. Consequently, 
for problems involving what might be 
termed ‘“‘fundamental material behavior” 
in which the results of identical speci- 
mens are to be compared, wire specimens 
and appropriate testing machines ap- 
pear to possess many advantages. 


? Actually varies as the square root of n — 1 
where n is the number of specimens. 
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PURPOSE 


In this paper a wire fatigue testing 
machine is described that was designed 
to facilitate the study of the influence of 
stress history on fatigue strength and 
fatigue life. The basic design is suffi- 
ciently versatile that it may be readily 
adapted (a) to progressively increasing 
or decreasing load histories, (b) to a 
simple prestress followed by test stress 
loading, or (c) to a variety of periodically 
repeating load histories. The intended 
future application of the machine is the 
determination of the effect of loading 
history, consisting initially of repeated 
blocks of completely reversed stress 
cycles, on fatigue life. During each block 
a specimen will be subjected to reversed 
cycles of a high stress for a predeter- 
mined percentage of the block and the 
remainder will be applied at a lower 
stress. 

In the paper the design and operation 
of the wire machine are considered, and 
only data obtained during constant 
stress amplitude operation are presented. 


THEORETICAL CONSIDERATIONS AND 
DESIGN 


The use of wire specimens requires 
that the region of maximum stress be 
located away from the points where the 
specimen is gripped or loaded. A de- 
flected rotating strut loaded with axial 
compressive forces is a commonly em- 
ployed arrangement (1, 2)? that possesses 
the desired characteristics and for which 
the maximum stress may be accurately 
computed if the behavior of the strut or 
wire is maintained elastic. However, in 
those instances where this arrangement 
has been employed the process of chang- 
ing from one stress level to another neces- 
sitates movement or rotation of parts 


* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1132. 
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that possess large inertia in comparison 
to the specimen generally used to deter- 
mine the deflected configuration. Thus 
rapid changes of stress from one level to 
another are not feasible with the avail- 
able machines. 

The machine described in this paper 
employs a deflected rotating strut speci- 
men; however one end of the specimen, 
used as the drive end, is fixed rigidly. 
The other end of the specimen is free to 
rotate (in the plane of bending) and 


Fic. 1.—Deflected Configuration of Elastic 
Strut. 


follows a curved path such that the fixed 
(drive) end of the specimen is theoreti- 
cally subjected to zero moment. Since 
both ends of the specimen sustain zero 
moment the behavior of the specimen is 
essentially that of a pivot-ended de- 
flected strut, and the computation of 
stress is based on this condition. The 
movable end of the specimen fits into 
a miniature ball bearing and housing 
which is free to rotate and assume the 
configuration imposed by the specimen. 
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By maintaining the inertia of this as- 
sembly at a small value, rapid changes of 
stress are possible without inducing ap- 
preciable vibration. The miniature bear- 
ing housing is pinned into a small trolley 
that moves on a curved track. The curved 
track theoretically imposes the appro- 
priate shortening of the distance be- 
tween the ends of the specimen to insure 
a zero moment at the fixed end at various 
deflected configurations. 


TABLE I.—VALUES OF DIMENSION- 


LESS RATIOS FOR COMPUTING STRESS 
AND DEFLECTED SPECIMEN LENGTH. 


Ppa 


El 


000304 
.001218 
002741 
004944 

7603 
.010939 
014879 


9.87111 
9.87562 
9.88315 
9.89369 
.90728 
.92391 
.94366 
9.96648 
9.99244 
.02157 
.05390 
.08948 
.12836 
.17059 
.21623 
26535 
.31798 
37425 
43420 
.49794 
56554 
.63711 
.71275 


036576 
043466 
050931 
.058966 
.067568 
.076786 
-086435 
.096690 
. 107479 
. 118797 
130633 
- 142981 
. 155831 


16195 
. 17206 
. 18204 
.19188 
. 20158 
-21112 
- 22051 
22972 
. 23876 


A deflected strut subjected to zero 
end moment is shown in Fig. 1. There 
is associated with each value of the de- 
flected length L a particular value of the 
angle a. The exact relation between the 
load P; the maximum deflection, A; L; 
the modulus of elasticity, E; the mo- 
ment of inertia, 7; the undeflected length, 
(; and @ for large deflections is given by 
Southwell (3). The results may be con- 
viently expressed in terms of the dimen- 

— fe & 
sionless ratios —, —, and ————. Values 


EI ¢ 


019417 
024547 
030270 
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of these dimensionless ratios for various 
values at @ are given in Table I. The 
maximum stress in the specimen is given 
by 

where M = PA and A is the area of the 


cross-section. In terms of the dimension- 
less ratios, the stress is given by 


_ EL, (Pe\(a\E 
\ EI] @A 


For the relative specimen dimensions 
commonly employed, the first term is 
usually negligible. To investigate this 
condition, it is convenient to divide the 
stress Sp due to the axial load by the 
total stress due to axial load and bend- 


ing moment (Sp + Sy). Thus 
Sp 1 


(2 


In the present machine, + 400 and 


the range of angles a that have proved 
usable is from 14 to 26 deg. Ata = 14 
deg the value of the ratio from Eq. 3 is 
0.0081 and at a = 26 deg the value is 
0.0044. Since the error over the useful 
range of a is considerably less than 1 per 
cent, the stress has been computed by 


The point of maximum stress occurs 
theoretically at the center of the de- 
flected strut for all values of angle a. 
The track which controls the de- 
flected length of the strut may be laid 
out from the data in Table I. Figure 2 
shows schematically the track layout, 
motor location and deflected strut 
specimen and Fig. 3 shows the wire 
machine fitted with the additional 
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devices necessary to alter the load 
amplitude periodically. 

The theoretical layout of the machine 
was readily accomplished, but the ac- 
curate manufacture and assembly of the 
basic elements of the machine (the 
curved track and motor assembly) pre- 
sented greater difficulty. The deflected 


several thousandths and 
several minutes of a degree with respect 
to the fixed end of the specimen.‘ 

To achieve accuracy that could be 
verified experimentally, a track con- 
sisting of a circular arc was substituted 
for the theoretically specified track. The 
location of this track could be verified 


OTR- Deflected Specimen 


ARB- Path of Moveable end of Specimen 


CD — Track to Carry Trolley and 


Pivoted Miniture Bearing Located 
at R 


Pin Vise Chuck 


Fic. 2.—Theoretical Layout of Wire Fatigue Machine. 


Fic. 3.—Wire Fatigue Machine Equipped for Fluctuating Load Experiments. 


length of the specimen changed very 
little for small angles of a and in no case 
exceeded 0.6 in. in the useful stress 
range. Consequently, to achieve the 
desired zero moment end conditions, the 
track must be made and assembled such 
that the pivot point on the trolley that 
holds the movable end of the specimen 
could be positioned accurately within 


experimentally after assembly because 
it possessed a fixed known center of 


curvature from which the motor and > 


4If the maximum and minimum usable 
stresses are known beforehand, the track may 
be arranged to give a minimum error in this 
range. The present machine was designed for 
use in a stress range somewhat higher than is 
possible with the wire specimens employed. 
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chuck assembly could be accurately 
located. This procedure afforded a simple 
assembly for which the difference be- 
tween the theoretical and actual track 
could be computed. A trial and error 
procedure led to a track radius and cen- 
ter for which the difference between the 
ideal track and actual track was very 
small over the usable stress range. 
Figure 4 shows the layout and dimen- 
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OTR-Deflected Specimen 
ARB- Path of Moveable end of Specimen 
Q -Center of Circular arc ARB and 

Trock CD 


deg, 1.7 per cent at @ = 24 deg, and 
decreases rapidly thereafter as a@ in- 
creases. The track is exact at a = 0) 
deg and again at approximately a = 32 


deg. 

The difference between the theoretical 
and actual track creates a condition in 
which the bending moment at the end 
of the specimen that is clamped in the 
motor chuck is not exactly zero. This 


ja 7.050" radius 


7526" radius 


radius 


Fic. 4.—Layout of Circular Arc Track for Wire Fatigue Machine. 


id 


A 


12 


a, deg. 
Fic. 5.—Difference in Length of Deflected Specimen Between Theoretical and Circular Arc Tracks. 


sions employed in the present machine. 
Figure 5 shows the computed difference 
between the theoretical and actual track 
for various values of a. The maximum 
difference is 0.0075 in. at a = 24 deg. 
The maximum percentage error in the 
difference between the undeflected and 
deflected lengths, 4 — L, occurs at the 
small values of @ and is 3.1 per cent at 
10 deg, 2.7 per cent at a = 16 


16 20 24 


is small and 


moment introduces no 
practical difficulties in the operation of 
the machine. Since the machine was de- 
signed for investigations in which the 
life or strength as measured by different 
sets of data obtained on the same ma- 
chine would be compared, no error is 
introduced into the data or results. The 
computation of the absolute magnitude 
of the stress is the only quantity that is 
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rendered slightly inaccurate as a result 
of the difference between the ideal and 
actual track. An analysis of the actual 
deflected configuration of the specimen 
and the absolute magnitude and location 
of the maximum stress is presented in 
the Appendix. Based on this analysis 
and a comparison between the location 
of maximum stress and the experimental 
fracture locations, it was concluded that 
the stress was increased by approxi- 
mately 4 per cent due to the end moment 
that was introduced at the fixed end of 


the experimental results obtained with 
the wire machine. The wire specimens 
used had a diameter of 0.050 in. and a 
length of 10 in. between pivot points. 
The over-all specimen length was ap- 
proximately 11 in. Five thousand feet of 
hard-drawn brite basic steel wire, 
straightened and in 3-ft lengths was 
procured. The material was treated to 
prevent corrosion and stored in a dry 
tight container. As required, twenty to 
thirty 3-ft lengths were removed and cut 


to the proper specimen length. 


— 95 percent Confidence Limits 
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Log Number of Cycles 
Fic. 6.—Logarithmic-Normal Frequency Diagram Showing Individual Fatigue Lifetimes Ob- 


tained at Different Stresses. 


the specimen. Since the absolute mag- 
nitude of stress was necessary only to 
insure that the behavior of the specimens 
was elastic, this absolute accuracy was 
deemed adequate. Equation 4 based on 
the ideal track gives accurate results with 
regard to relative magnitudes of stress. 
Consequently for purposes of comparison 
and presentation of results, Eq 4 was 
used to compute the stress. 


EXPERIMENTAL DATA AND RESULTS 


Fatigue life and endurance limit data 
from constant stress amplitude experi- 
ments are presented here to illustrate 


The tensile properties of the wire, ob- 
tained by wrapping the ends around 1-in. 
diameter loading pins were: yield 
strength at 0.2 per cent offset, 128,000 
psi and tensile strength, 150,000 psi. 
The modulus of elasticity measured over 
a 10-in. gage length was E = 30,000,000 
psi. The surface of the specimens, when 
examined under a microscope at 100 X, 
looked scratched, with many of the 
scratches running in a circumferential 
direction. The specimens were used in 
the as received condition since all of the 
specimens that were examined exhibited 
essentially the same surface condition. 
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TABLE II.—FINITE LIFE FATIGUE RESULTS. ‘ 
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Based on Logarithmic-Normal Frequency Distribution. 


Stress, ps | Member | mean tos | | | 9 sent 
66 000...... | | 5.5864 | 5.5552to 5.6176 | 0.1087 | 0.0940 to 0.1311 
5.1396 | 5.1080 to 5.1713 0.0936 0.0803 to 0.1180 
4.7146 4.6867 to 4.7425 0.0677 0.0563 to 0.0903 
96 000...... ‘i: ee 4.3937 4.3659 to 4.4215 0.05246 0.0422 to 0.0766 

106 000...... 4.1021 | 4.0472 to 4.1571 0.0729 0.0568 to 0.1280 


psi 


Stress 


4 


© Mean LogN 
-— 95 percent Confidence Limits 
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A few preliminary tests were made to 
locate the S-N curve and observe the 
behavior of the wire specimens at vari- 
ous speeds. A speed of approximately 
6500 rpm was employed because it ap- 
peared to introduce the least vibration. 
A fork guide was added to prevent ex- 
cessive vertical vibration of the speci- 
mens. At the speed chosen, the wire 
specimens exhibited only a slight tend- 
ency to vibrate in the vertical direction 
and no observable vibration was present 
in the horizontal direction or plane of 
bending. When an initially bent speci- 
men was encountered the vibration in- 
creased but these specimens were dis- 
carded. 

The fatigue lives, NV, for the wire 
specimens are plotted in Fig. 6 in the 
form of a probability of failure versus 
log N diagram. Because of the avail- 


N- Cycles to Failure 


Fic. 7.—Stress-Cycles to Failure Diagram. 


10® 10” 


ability of simple methods of computing 
confidence limits, the assumption of a 
log-normal life distribution was employed 
to analyze the data. The results of this 
analysis are given in Table II which also 
indicates the number of specimens tested 
at each stress level. Larger numbers of 
specimens were tested at the lower stress 
levels in an attempt to maintain the 
confidence limits for mean log NV within 
a small constant value, approximately 
+0.03, at all stress levels. The solid 
straight lines in Fig. 6 are based on the 
assumption of a log-normal life distribu- 
tion and are drawn through the points 
obtained from the calculated parame- 
ters, mean log NV and the standard devia- 
tion, o. 

It should be noted from the steep 
slopes of the lines in Fig. 6 that the 
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Fic. 8.—Standard Deviation at Various Stresses. 
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In Fig. 7, an S-N diagram is presented 
showing values of mean log N and the 
95 per cent confidence limits for the 
finite life region. It is evident that a 
smooth nearly-straight S-N curve was 
obtained for the range of stress levels em- 
ployed. At a stress of 106,000 psi, the 
life was approximately 10,000 cycles; 
this stress was slightly above that at 
which deviation from linearity was 
noticeable on the static stress-strain 
curve. Consequently, no higher levels of 
stress were explored, and, due to inelastic 
bending, some question may exist about 
the accuracy of the stress computation 
of 106,000 psi. At a stress of 96,000 psi 
and below, the behavior was elastic and 
the accurate computation of stress was 
possible. 


The variation of the standard devia- 


aw 


x- Specimen Failed . +4 
O-Specimen Ranout-lO Cycles 


2 4 


6 8 


i2 14 16 18 20 


Specimen Number 


Fic. 9.—Failure-Runout Diagram of Staircase Statistical Analysis for Endurance Limit. 


scatter of life at a given stress was rela- 
tively small in all cases. This charac- 
teristic has been observed in other 
studies of wire, particularly steel wire 
(4) and is apparently due, at least in 
part, to the large proportion of the sur- 
face of the wire that is subjected to (or 
near) peak stress. Accordingly, the 
values of the standard deviation are 
small and the confidence limits for mean 
log N are narrow, a characteristic that is 
particularly desirable in comparison 
studies. 


tion with stress is shown in Fig. 8. The 
standard deviation, o, tends to decrease 
as the stress increases, a trend that is in 
general agreement with previous data 
(5). The large value of o at a stress of 
106,000 psi may be caused by the fact 
that the amount of plastic bending 
varied slightly between specimens, or it 
may be a distortion created by plotting 
the data for very short lifetimes in terms 
of log NV. 

In addition to the finite life data, the 
endurance limit was investigated by the 
staircase method of testing (6). Twenty- 
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one specimens were employed with a 
stress increment of 2500 psi between 
steps. When a specimen sustained 10’ 
cycles without fracture, it was considered 
to have runout and the test was dis- 
continued. This study is shown in Fig. 9, 
and the statistical analysis gives: 
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Mean endurance limit, psi. . 59 000 
Standard deviation, psi.... . 480 


Standard error in estimate of 
Estimate of 95 per cent con- : 


fidence limits for mean 
endurance limit, psi.... . . 58 100 to 59 900 


In general, the stress increment between 
steps should be from one-half to two 
times the standard deviation (6). Since 
approximately five times the standard 
deviation was employed as the incre- 
ment, these data are not suited for close 
accuracy by the staircase analysis. There 
is no question that the mean endurance 
limit is between 57,500 psi and 60,000 
psi; however, the values of mean en- 
durance limit, standard deviation, and 
confidence limits may not be of high 
precision. As the accuracy of the en- 
durance limit was not of importance in 
the immediate work contemplated for 
the machine, the preliminary results have 
been shown on the S-\ diagram in 
Fig. 7. 


4 8 
4 SUMMARY | 


A wire fatigue testing machine is de- 
scribed that was designed especially for 
an investigation of the influence of com- 
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APPENDIX 


_EsTIMATE OF Error rv Stress TO CrrcuLAR Arc APPROXIMATION OF THE 
THEORETICAL TRACK 


From the theory of elasticity, the de- 
flected length L of the specimen was com- 
puted for various angles a (Fig. 1). The 
values are listed in Table I in dimensionless 
form. The difference between the theoretical 
deflected length of the specimen and the 
actual deflected length based on the circular 
arc approximation is shown in Fig. 5 for 
various values of a. Over the range of stress 
levels employed, the actual track produced 
a deflected length that was from 0.0052 to 
0.0075 in. shorter than the theoretical 
ength. 

The effect of this shortening on the 
maximum stress and location of the maxi- 
mum stress may be estimated as follows: 
For each deflected length there is one value 
of the angle a for which the moment at each 
end of the specimen is zero as shown in 
Fig. 1. If the angle is different from the 
theoretically computed angle at one end 
due to end restraint (one end fixed in the 
chuck), a bending moment is introduced 
that produces a deflected curve similar to 
that shown in Fig. 10. The end loads P 
act parallel to the axis AE and form a 
couple Pé, that is equal to the moment M. 
This configuration with an effective length 
AE shifts the point of maximum stress to 
point D and changes the magnitude of the 
maximum stress. 

To estimate the maximum stress and its 
location let the deflected curve be approxi- 
mated by a sine curve with reference axis 
AE. In Fig. 10, the angle a’ is imposed on 
the specimen by the fixed chuck at end B. 
End A is free to rotate and makes an angle 
a, + X with the line AB. The length Luts, 
and angle a are required. 

From Fig. 10 and the assumed sine curve: 


Fic. 10.—Deflected Configuration of Elas- 
tic Strut Subjected to Axial Load and End 
Moment. 


The angle between the tangent to this 
curve at the distance x from the point E 
and line AE is given by: 
Ar 
cos 
Lett, 


Since the segment BE is itself a portion of 
another sine curve identical to ADE, the 
deflection 6 and slope © will be the same 
for the segment BE as for ADE at x, = x. 
Thus the angle da is given by the difference 
of the slopes atx = Oandx =m. © 
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2nd Approximation 


Fic. 11.—Computed Values of a; and x; for 
Various Values of a’ for Circular-Arc Track. 
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With an appropriate value of da, the 
distance x, may be computed from Eq 7. 
For a given angle @ and deflected length, 
L, the rate of change of a with L (approxi- 
mate) may be obtained from the data in 
Table I. The average slope for each 2-deg. 
interval was computed and this value was 
plotted at the midpoint of the interval. 
Thus for a given value of a and an error 
6L in the deflected length L of the specimen, 
the difference, da, between a and a’ is 


ba 
da = | — ( 


_ The exact evaluation of da from Eq 8 


_ 6a may be obtained. The angle 6a is first 


Circular-Arc Track 
2nd Approximation 


«Fic. 12.—Comparison of Computed Values of Stress for Theoretical and Circular-Arc Tracks. 


is not possible because values of 6L are 
known for various values of a’ but not for 
a,. The angle a will be somewhat larger 
than a’ but the exact difference is not 
known. By a method of successive approxi- 
mations a sufficiently accurate value of 


6 
computed using the values of os and 6L 


evaluated at a’. From this first approxima- 
tion of 6a, approximate values of x, 6, X, 
and a may be computed. Based on this 
approximate value of a, a second approxi- 
mation of da may be computed. The process 
may be repeated as many times as is neces- 


Theoretical Track 
Zero End 
Moment 


2 24 2 


sary to obtain accurate values of da, x, 4, 
and X. The results of the second approxima- 
tion were sufficiently accurate in view of 
the initial assumptions upon which the 
analysis was based. Because of the nature 
of the approximations, the first approxima- 
tion slightly overestimated the values of 
6a, x1, A, and a and the second approxima- 
tion slightly underestimated these values. 
However, when the results for a third 
approximation were considered, the differ- 
ence between the second and third approxi- 
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mation were found to be negligible. The 
results of the computation of a, and x 
corresponding to various values of a’ are 


74 Specimens 


Frequency of Fracture, per cent 


4 
Lit. 
44 46 48 50 52 54 56 58 
Fracture Length from Fixed Chuck, in. 


Fic. 13.—Fracture Length Diagram Showing 
Mean Fracture Length and 95 per cent Confi- 
dence Limits. 


The stress in the wire specimens is given 


ay ay (vse. 


in which the dimensionless ratios are 
evaluated for a, and the value of fer¢. is 
computed from the value of x;. The stress 
in the specimen based on an ideal track and 
for the circular-arc approximation of the 
track are compared in Fig. 12 for various 
values of a’. According to the computations 
the circular arc approximation shown in Fig. 
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4 causes the stress to be from 9 to 11 per cent 
higher than the stress associated with an 
ideal track. 

To confirm this analysis it is of interest 
to compare the measured length from the 
chuck to the point of fracture with the 
computed distance to the point of maximum 
stress. The experimental data for 74 speci- 
mens are presented in Fig. 13 in a frequency 
diagram. If the fracture lengths were nor- 
mally distributed about a mean value, the 
data in Fig. 13 should result in a straight 
line; the data apparently form a fair straight 
line. A stress of 99.0 per cent of the maxi- 
mum occurs at a distance of 0.445 in. from 
the point of maximum stress. Thus 67 of 
the 74 specimens broke at points where 
the stress was between 99 and 100 per cent 
of the maximum value. Based on the assump- 
tion of a normal distribution, the mean 
value and 95 per cent confidence limits for 
the fracture length were computed and are 
also shown in Fig. 13. The mean value is 
5.101 in. with confidence limits from 5.036 
to 5.166 in. This must be compared with 
the computed values of 5.23 in. at a’ = 
16 deg and 5.20 in. ata’ = 24 deg. A 5.00-in. 
length represents the exact center of the 
specimen. The measured length indicates a 
shift in the location of maximum stress of 
approximately one-half of the computed 
value. This indicates that due to small 
errors in the manufacture and assembly of 
the machine, the value of the actual stress 
is between those values given in Fig. 12 
for the ideal track and circular arc track. 
Consequently the lines in Fig. 12 represent- 
ing Eq 4 and Eq 9 may be considered as 
upper and lower limits for the actual stress 
in the wire specimens. Based on the meas- 
ured fracture lengths, the stress is approxi- 
mately 4 per cent higher than the value 
computed from Eq 4, and a range of from 
1 to 7 per cent higher is indicated by the 
95 per cent confidence limits on the fracture 
length. 


| 
er 5 
ot 
of 
20 
rst 
30 
40 
1is 70 
95 
ao 
7 
¢ > 
pe\ 
EI 
a- 
a 


DISCUSSION 


ad 


Mr. G. R. Goun.'—The authors are 
to be congratulated upon the design of a 
fatigue testing machine that will test 
simple and inexpensive specimens either 
in the conventional manner at a fixed 
amplitude or at varying stress amplitude. 

The problem of obtaining sufficient 
data for statistical studies is always ag- 
gravated by the cost of making the large 
number of specimens required for sta- 
tistical analysis. The authors have over- 
come this by designing a machine which 
employs straightened wire test speci- 
mens—a relatively inexpensive specimen. 
They have also devised a means of vary- 
ing the stress amplitude in accordance 
with a given pattern in such a way that 
the change can be made without intro- 
ducing extraneous stresses in the test 
specimen. 

Miss Torrey and I are pleased that 
Mr. Corten has offered data which sub- 
stantiate one of our suggestions, namely, 
that if one wishes to maintain a similar 
degree of contidence in tests at different 
stress levels, more tests should be made 
at the lower deflections or stress levels. 
Mr. Corten has offered data which defi- 
nitely confirm the desirability of that 
suggestion. 

Again, the authors should be con- 
gratulated for designing a very useful 
piece of equipment. 


1 Member of the Technical Staff, Bell Tele- 
phone Labs., Inc., New York, N. Y. 
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Mr. R. Asu_ey.2—Briefly, we think 
in terms of fatigue resistance in a 
textile fabric as the retained tensile 
strength after prolonged flexure life or 
the rate of tensile degradation. Nor- 
mally, we think in terms of flexure life 
of 100 or more megacycles. 

Would this type of apparatus have 
any use in evaluating fatigue or endur- 
ance life of twisted multi-strand wire 
tire cord? 

CHAIRMAN Howe was the 
wire straightened? 

Mr. H. T. Corten (author)—We 
asked for 3-ft lengths of commercially 
straightened steel wire. I do know all the 
specimens were not straight. 

In connection with multi-strand wire, 
I suspect this machine would not be 
appropriate for that purpose. The ma- 
chine requires the possibility to compress 
the wire and multi-strand wire will prob- 
ably not act as a unit when compressed. 

Messrs. H. T. Corten AND G. M. 
SINCLAIR (author’s closure)—The au- 
thors wish to thank Mr. G. R. Gohn for 
his kind comments regarding the wire 
fatigue testing machine. The versatility 
of the machine lies in the fact that the 
amplitude of the alternating stress may 
be conveniently varied to obtain a wide 
variety of load histories. Well over 1000 
specimens have now been tested employ- 


2 Manager, Textile Division, General Tire 
and Rubber Co., Akron, Ohio. 

3 Chief, Mechanical Testing Div., 
Research Labs., New Kensington, Pa. 
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ing various load histories. These more 
extensive results* confirm the reliability 
and reproducibility of the data. 

The machine was designed and devel- 
oped primarily as a research tool. To 
obtain the desired versatility of alter- 
nating load history, fixed length wire 
specimens with a limited range of diame- 
ters are required. To perform satisfac- 
torily as a deflected rotating strut, the 


‘H. T. Corten and T. J. Dolan, “Cumulative 
Fatigue Damage,”’ session 3, paper 2, Interna- 
tional Conference on Fatigue of Metals spon- 
sored by the Institution of Mechanical Engineers 
in cooperation with American Society of Me- 
chanical Engineers, 1956. 
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wire specimen must be initially straight 
and behave elastically when subjected 
to a compressive load. In view of these 
specimen requirements, this equipment 
would not be well suited for testing the 
twisted multi-stranded wire described 
by Mr. Ashley. 

The wire employed in these experi- 
ments was straightened commercially 
by passing it between two revolving 
skewed rolls. Most of the 11 in. specimen 
lengths were found to run very true. 
Occasionally a specimen was encoun- 
tered that did not run true and these 
were discarded. 
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MMARY OF PROCEEDINGS OF THE SYMPOSIUM ON SOLDER 


The problems connected with soldering are many fold, and that these 
problems are being attacked is evidenced by the information presented in 
this Symposium on Solder. These problems, which actually involve several 
branches of science including chemistry, physics, and metallurgy are 
thoroughly explored by the sixteen papers comprising this symposium. The 
symposium was presented at the Fifth, Ninth, Fourteenth, and Fifteenth 
Sessions of the Fifty-ninth Annual Meeting of the American Society for 
Testing Materials held in Atlantic City, N. J., June 19 and 20, 1956. It 
was sponsored by Committee B-2 on Non-Ferrous Metals and Alloys— 
with Mr. G. H. Harnden of General Electric Co., Schenectady, N. Y. serving 
as symposium committee chairman. & 1 


The papers presented were: 


+ 


Introduction—Bruce W. Gonser 


Solders 


Solder, Fluxes, and Techniques for Soldering Aluminum—J. D. Dowd 
Ultrasonic Soldering of Aluminum—J. Byron Jones and John G. Thomas 
Dip Soldering Printed Circuits—E. S. Miller and A. A. Johns, Jr. 
Soldering in Semiconductor Devices—W. F. Lootens 

Industrial Survey of Paste Solder Alloys—H. R. Williams — 


Soldering Fluxes 


Corrosive Fluxes—Their Role in Soldering—Robert M. MacIntosh 

The Use of Rosin and Activated Rosin Fluxes—Frederick C. Disque, Jr. 

Soldering Fluxes and Flux Principles—A. Z. Mample 

Non-Corrosive Fluxes, Evaluation of Spread and Corrosion Properties—H. C. 


Sohl 


Joint Strength Characteristics 


A Method for Testing and Evaluating the Joint Properties of a Copper Liner | 


Soldered in an Aluminum Casting—M. V. Davis 


The Performance of Some Soft Solders at Elevated Temperatures and Pres- | 


sures—H. E. Pattee and R. M. Evans 


Dip Solder Printed Circuit Joint Characteristics—Alfred A. Johns, Jr. and E. © 


S. Miller 
“Tin Disease 


” 


in Solder Type Alloys—Alfred Bornemann 


Gray Tin Formation in Soldered Joints Stored at Low Temperature—W. Lee | 


Williams 
Proposed Numerical Evaluation System for Soft Solders, Solder Fluxes, and 
Solderability—L. Pessel 


Controlling Quality on Soldered Electrical Connections—W. H. Rombach _ 


Symposium Summation—G. H. Harnden 


> 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 189 entitled “Symposium on Solder.” 
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USE OF FLY ASH IN CONCRETE* | 


oo ye 


By ALBERT G. Timms! AND WILLIAM E ‘Gaus! 


SYNOPSIS 


The purpose of this investigation was to study the properties of concrete 
containing as replacement for part of the cement, four fly ashes from two 
widely separated areas selected because they represented sources of fly ash 
which have a history of extensive use in concrete. From each source fly ashes 
of widely different fineness were selected, with the expectation that those 
with the maximum fineness would have the lowest carbon content. Concrete 
specimens containing the fly ashes were tested for strength at various ages, 
for shrinkage at various periods when stored in a dry atmosphere, durability in 
freezing and thawing, and resistance to attack of calcium chloride used for 
ice removal. 

These tests indicate, in general, that at ages through 28 days both the 
flexural and compressive strengths were lower than comparable concrete 
without fly ash. At one year the strengths of the concrete containing fly ash 
were about as high or higher than the plain concrete. Fly ash did not improve 
the resistance to freezing and thawing of non air-entrained concrete. In air- 
entrained concrete some of the fly ashes gave satisfactory durability and some 
did not. The particular portland cement used was also a factor. In general, 
concrete containing fly ash showed less shrinkage upon drying than concrete 
without fly ash. All substitutions of fly ash for portland cement adversely af- 
fected the resistance of both air-entrained and non air-entrained concrete to 
attack by calcium chloride solutions used for ice removal. 


In an effort to develop a more durable 
concrete, research engineers have been 
seeking a low-cost form of finely divided 
silica, for addition to portland-cement 
concrete, which would react with the 
alkalies and lime liberated by the cement 
in the hydration process. A material 
which appears to have the desired prop- 
erties is fly ash. This is a waste product 

* Presented at the Fifty-ninth 
ing of the Society, June 17-22, 1956. 

‘Highway Research Engineers, Bureau of 


Publie Roads, Physical Research Branch, Dept. 


Annual Meet- 


resulting from the burning of pulverized 
coal and it accumulates in large quanti- 
ties at the power plants. It has a high 
silica content and a fineness similar to 
cement. 

Not only have claims been made for 
the suitability of fly ash for producing 
a more durable concrete, but the prod- 
uct has been proposed as an extender or 
replacement for portland cement. Impe- 
tus has been given to the use of fly ash 
for this purpose because of the shortage 
of cement during the past few years. 
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TIMMS AND GRIEB 


TABLE I.—CHEMICAL COMPOSITION AND PHYSICAL PROPERTIES OF _ 
PORTLAND CEMENTS AND FLY ASHES. 


- & Portland Cement | Fly Ash 
Chemical composition, per cent | 
5.6 5.4 18.2 19.9 33.1 23.5 
2.5 2.4 19.2 16.2 20.6 18.8 
62.8 66.1 7.0 | 5.5 6.0 3.3 
Magnesium oxide................... 3.0 1.0 a 1.4 1.3 | 1.0 
| 2.0 1.7 33 2.7 0.9 | 0.6 
0.8 1.2 1.2¢ 1.2¢ 5.4% 
Potassium oxide....................| 1.05 0.15 2.15 2.35 1.42 1.88 
oe Total equiv. alkalies as NasO........ 1.09 £0.14 3.22 3.55 1.93 1.84 
Chloroform-soluble organic substances. 0.009 0.003, 
Free calcium oxide..................| 0.85 0.56 ‘ 
Water-soluble alkali 
Computed compound composition, per | 7 = 
cent 
4 Tricalcium silicate.................. 42 55 
22 
: Tricalcium aluminate............... 11 10 
Tetracalcium aluminoferrite......... 8 7 ht 
Carbon 01. 0.04 0.04) (0.08 
Physical properties 
Apparent specific gravity............ 3.20 3.17 2.49 2.52 2.51 2.43 
Specific surface (Wagner) sq cm per g. .|1800 |1625 
Specific surface (Blaine) sq em per g. . : . 3075 4305 2565 | 3220 
{ Passing No. 325 sieve, per cent. ..... Soe _ 93.2 95.2 84.5 89.4 
Autoclave expansion, per cent........ 0.32 0.04 Bee me 
Normal consistency, per cent........| 25.5 25.0 
; Time of setting (Gillmore test) 
Compressive strength (1:2.75 mortar) | 
Mortar air content, per cent......... | 9.1 6.8 | 
* Determination made at 600 C. 


The purpose of this investigation was 
to study the properties of concrete con- 
taining as replacement for part of the 
cement, four fly ashes from two widely 
separated areas selected because they 
represented sources of fly ash which have 

a history of extensive use in concrete. 


ScoPpE OF WORK AND MATERIALS USED 


The fly ashes? from one area are identi- 
fied hereafter as A and B, and from the 


? Fly ashes A, B, X, and Y are identified as 
Nos. 1, 3, 14, and 29, respectively, in the report 
by Brink and Halstead, “Studies Relating to 
the Testing of Fly Ash for Use in Concrete.” 
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other area as X and Y. From each source, 
fly ashes of widely different fineness 
were selected. 

In this investigation specimens for 
compressive and flexural strength, dura- 
bility and volume-change tests were 
made from concretes without air and 
with 3 to 6 per cent entrained air. Since 
fly ash is generally used as a replacement 
for part of the portland cement in paving 
or structural concrete, it seemed logical 
that the air content should be main- 
tained within the usual limits of 3 to 6 
per cent. 

In order to investigate the possibility 
of reaction of the fly ash with the alka- 
lies in the cement, two portland cements, 
one of relatively high and the other of 
relatively low alkali content, were used. 
The chemical analyses of the two port- 
land cements shown in Table I indicate 
that cement A had an alkali content 
(1.09 per cent), higher than that per- 
mitted by AASHO specification M 85-53 
for a low-alkali cement and that cement 
B had a very low alkali content (0.14 
per cent). 

Each of the four fly ashes was used 
as a replacement for portland cement in 
two percentages, 163 and 333 per cent, 
in the concrete for strength determina- 
tions and  freezing-and-thawing and 
volume-change measurements. For the 
concrete slabs that were stored outdoors 
and exposed to the action of calcium 
chloride used for ice removal only one 
percentage replacement, 333 per cent, 
was used. In each case the replacement 
of cement by fly ash was on the basis 
of solid volumes. 

Concrete for compressive and flexural 
strength test specimens was made with 
13-in. maximum size crushed limestone, 
and a siliceous sand with fineness modu- 
lus of 2.75. The aggregates were of good 
quality and had a good service record 
for durability. Aggregates from the 
same sources were used in making the 
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volume-change and freezing-and-thaw- 
ing specimens and the outdoor exposure 
slabs, except that the maximum size 
was limited to 1 in. This maximum size 
was required because of the small size 
specimens. 


Mrx PROPORTIONS 


The mix data for all concrete speci- 
mens are given in Table II. Mixes with- 
out fly ash were designed for a cement 
content of 6.0 sacks of cement per cu 
yd, and a slump of approximately 3.0 
in. Where fly ash was used, one or two 
sacks of the cement per cubic yard of 
concrete was replaced by an equal solid 
volume of fly ash. Because of differences 
in specific gravities of the cements and 
the fly ashes, the weight of fly ash for 
a solid volume equivalent to the solid 
volume of a 94-Ib sack of cement was 
74 lb for fly ash A, B, and X, and 72 lb 
for fly ash Y. The quantity of sand in 
air-entrained mixes was reduced to com- 
pensate for the volume of added air, 
thus maintaining a constant cement con- 
tent. For all mixes with the same maxi- 
mum size coarse aggregate, the actual 
weight of coarse aggregate per cubic 
yard of concrete was constant. 

The water requirement for concrete of 
a given slump varied with the amount 
and properties of the fly ash used for 
replacement of cement. The mix data 
for the strength-test specimens shown 
in Table II indicate that when 163 per 
cent of fly ash A or B was used, the water 
was approximately 1} gal per cu yd of 
concrete less than that in the mixes 
without fly ash; and when 333 per cent 
of fly ash A or B was used, the reduction 
was approximately 2} gal per cu yd. 
When either 16} or 333 per cent of fly 
ash X was used the water requirement 
was the same as for concrete without fly 
ash, but when 163 per cent of fly ash Y 


was used, approximately 3 gal more 
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water was required, and when 33} per 
cent of fly ash Y was used approximately 
1 gal more water was required. The same 
trends were noted for the concrete used 
in the freezing-and-thawing and volume- 
change tests. 

The quantity of air-entraining admix- 
ture required for a constant air content 
increased with increases in the carbon 
content of the fly ash and with the quan- 
tity of fly ash used as a replacement for 
the portland cement. This variation is 
shown in Table II. When either 163 or 
334 per cent of fly ash A was used, ap- 
proximately 10 per cent less air-entrain- 
ing agent was required than was needed 
for the concrete with 100 per cent port- 
land cement, and when 333 per cent fly 
ash Y was used with cement B, approxi- 
mately five times as much air-entraining 
admixture was required. 

Slump and air content were main- 
tained approximately constant for all 
concretes. 

® 
MIXING AND FABRICATION 
OF SPECIMENS 


All mixing was done in an open-pan 
type mixer of 13 cu ft capacity. The 
following mixing cycle was employed: 
Cement plus the fly ash and damp sand 
were mixed for 30 sec, after which the 
estimated total quantity of mixing water 
plus the air-entraining admixture, if any, 
was added and the mortar mixed for a 
further period of 1 min. Coarse aggre- 
gate, in a saturated surface-dry condi- 
tion, was then added and the concrete 
mixed for an additional 2 min, making 
a total mixing time of 3} min. Air con- 
tents for the air-entrained concrete were 
determined by the pressure method 
(ASTM Method C 231 — 49 T),° and for 
the non air-entrained concrete, air con- 
tent was calculated by the gravimetric 
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method (ASTM C 138 - 44).* Consist- 
ency was controlled by means of the 
slump test. 


TESTING PROCEDURES 


Strength specimens were molded, 
cured, and tested in accordance with 
applicable ASTM procedures. All 
strength specimens were moist cured 
continuously until tested. 

The freezing-anc-thawing tests were 
made on prisms 3 by 4 by 16 in. sawed 
from 4 by 16 by 24-in. slabs. The con- 
crete slabs were cured in the moist room 
for 14 days, then stored in laboratory 
air for 7 days at the end of which time 
seven 3 by 4 by 16-in. prisms were sawed 
from each slab. Three were used for the 
freezing-and-thawing test and the other 
four were held in moist air storage for 
future tests. The freezing-and-thawing 
prisms were returned to the moist room 
for 7 days, then immersed in water for 
7 days, and at <2 total age of 35 days the 
freezing-and-thawing cycle was started. 

A 24-hr cycle was used in making the 
freezing-and-thawing tests. Each speci- 
men was frozen and thawed in water 
in an individual metal container of such 
size as to provide about 4-in. clearance 
on all sides. The specimens in the con- 
tainers were placed vertically in the 
freezing chamber. The refrigerant used 
was alcohol, and it entirely surrounded 
the sides of the container to a height of 
about 18 in. The specimens in the con- 
tainers were frozen at —10F for 18 hr, 
then removed from the freezer and 
thawed in a water bath at 70 F for 6 
hr. After each cycle, the specimens were 
removed from the containers, turned 
upside down, and replaced. The water 
in the containers was changed. 

Resistance to the effects of alternate 
freezing and thawing was determined 
periodically during the test by measur- 
ing changes in the dynamic modulus of 
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elasticity of the concrete. For a given 
specimen, changes in dynamic modulus 
of elasticity, E, are proportional to 
changes in the square of the natural 
frequency of vibration, N2. It is, there- 
fore, possible to use the reduction in NV? 
directly as a measure of the deterioration 
of the concrete. Freezing and thawing 
was continued until the specimens 
showed a loss in \? of 40 per cent or for 
200 cycles, whichever occurred first. 

In addition to the 4 by 16 by 24-in. 
slabs which were sawed for the freezing- 
and-thawing prisms, six 3 by 4 by 16-in. 
beams were made for volume change 
tests. These specimens were removed 
from the molds after 24 hr under moist 
burlap and then were stored in labora- 
tory air at 72 F and 50 per cent relative 
humidity. After 180 days in laboratory 
air they were stored in water for 14 days 
and then returned to laboratory air for 
an additional 180 days. The length of 
each specimen was determined when it 
was taken out of the mold and peri- 
odically thereafter. 

Additional 4 by 16 by 24-in. slabs 
were made later to determine the effect 
of fly ash on the resistance of concrete 
to scaling due to freezing and ice removal 
with calcium chloride. A raised edge 
was cast around the perimeter of each 
slab. In these tests only concretes con- 
taining 333 per cent replacement of each 
of the four fly ashes for both cements 
were used with the non air-entrained 
and the air-entrained concrete. The 
slabs were cast in June 1952 and were 
stored in moist air for 30 days. They 
were then placed outdoors on the ground. 
During the fall and winter season the 
top surface of each slab was kept covered 
with water. When ice was frozen on the 
slabs, calcium chloride was applied to 
the surface at the rate of 2.4 lb per sq 
yd. After the ice was completely thawed, 
the surface was washed and fresh water 
left on the surface to await another 
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TABLE IV.—VISUAL 
SURFACE SCALING OF 
SLABS EXPOSED TO 
CIUM CHLORIDE. 


RATINGS OF 
CONCRETE 
ACTION OF CAL- 


Rating After Exposure to 
Outdoor Freezing and 
Thawing? with CaCl. 
for Cycles Indicated 


Fly Ash 


| 
Re- 


place- | 
nent 12} 17 | 39 51 80 


per cent} 


Identification 


PoRTLAND CEMENT A—Nown AIR- 
ENTRAINED CONCRETE 


8 | 10 
10 


8 
8 
8 


PorTLAND CEMENT A—AIR- 
ENTRAINED CONCRETE 


PorTLAND CEMENT B—Nown ArrR- 
ENTRAINED CONCRETE 


] | 


PorRTLAND CEMENT B—AIR- 
ENTRAINED CONCRETE 


& © 
to 


@ Mix same as used for freezing-and-thawing 
specimens except for air content. 
+’ Specimens were 4 by 16 by 24-in. slabs. 


freezing. During the winter of 1952-53, 
17 cycles of freezing and thawing were 
obtained, during the winter of 1953-54, 
34 cycles, and during the winter of 1954- 
55, 29 cycles, for a total of 80 cycles. 
The slabs were rated periodically for 
surface scale. 
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Cement A 


Fly Ash A And B 


Non-Air-Entrained Concrete 
l L 


All Percentages 


Fly Ash X And Y 


All Percentages 


Non-Air-Entrained Concrete 
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Concrete 


Non-Air-Entrained 


X-33.3 per cent 
Y-33.3 per cent 


Non-Air-Entrained Concrete 
iL i 


per cent 


X-33.3 per cent 


Y-16.7 
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Cycles Of Freezing And Thawing 


DISCUSSION OF TEST RESULTS 


The results of the tests for strength, 


Fic. 3.—Effect of Fly Ash on Resistance of Concrete to Freezing and Thawing. 


ments on the strength, durability, and 
shrinkage of the resulting concrete. 


volume change, and durability are shown Effect on Strength: 


in Tables III and IV and in Figs. 1 to 
5. The data will be discussed in relation 


The flexural and compressive strengths 
of the concretes are shown in Table III. 


to the effect of substituting in two per- Also shown are the relative strengths of 
centages each of the four fly ashes fora —_concretes containing fly ash expressed 
portion of each of the two portland ce- as percentages of the strengths developed 
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by the concrete without fly ash. These 
relative strengths for various ages of 
test are shown graphically in Figs. 1 and 
2. 

In the upper diagram of Fig. 1 are 
shown the relative compressive strengths 
of the non-air-entrained concretes made 
with cement A containing the substi- 
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tutions of the two percentages of each 
of the four fly ashes. The 7-day strengths 
of concretes containing fly ash ranged 
from 53 to 94 per cent of the strength 
of comparable concrete without fly ash. 
At 28 days the concretes containing fly 
ash A or B were equal to or greater than 
the 28-day strength of the concrete with- 
out fly ash. The concretes containing fly 
ash X or Y at 28 days ranged in relative 
strength from 74 to 96 per cent. 
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Cement A 


Cement B > 


Fic. 5.—Effect of Fly Ash on Drying Shrinkage of Concrete. 


All of the non-air-entrained concrete 
with cement A containing fly ash 
equalled or exceeded the strength of 
comparable concrete without fly ash at 
1 yr with the exception of that contain- 
ing 333 per cent of fly ash Y. The con- 
crete containing 33} per cent fly ash Y 
had a relative strength of 86 per cent 
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of the comparable concrete without fly 
ash. The highest relative strength at 1 
yr for concrete made with cement A 
was 115 per cent. 

The three remaining diagrams in Fig. 
1 show a pronounced similarity in the 
relative strength to that shown in the 
first diagram. This is also apparent in 
the following tabulation showing the 
range and averages of relative strengths: 


Cer 
Cer 
2d Concrete Non-Air-Entrained Concrete — 
B-33.3% X-53.3% 
7 » di concrete None Air-Entrained Concrete th 
Ww 
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Y-16.7% ti 
Y-335.3 
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Relative Compressive Strengths 


Fly Ash, ‘ 
per cent ys 28 days lyr 


Range 


Avg. Range | Avg. 


Cement A—non-air entrained... .f| 16. ¢ 7 87 | 105to88 | 98 | 115 to 104 
33.3 | 7 53 | 67 105 to 74 | 89 111 to 86 


Cement A—air-entrained 16. 72 : 98 to 84 | 92 110 to 100 
a2.3 | 7 48 97 to 64 83 111 to 81 


Cement B—non-air-entrained. . . { 16.7 69 95 to75 | 84 117 to 103 
33.¢ 2 46 84 to.50 66 121 to 88 


Cement B—air-entrained 16. 90 to 74 | | 97 to 80 | 87 | 120 to 104 2 
\| 33.3 | 74to48 | 60) 82 to 52 | 8 | 119 to 86 | 102 


It is significant that the 7-day com- strengths at 1 yr, but in all cases these 
pressive strengths of the concretes con- were equal to or greater than 100 per 
taining fly ash are in each case lower cent. Concretes containing the 33} per 
than those of the comparable concrete cent of high-carbon fly ashes (X or Y) 
without fly ash. With the exception of at all ages including 1 yr had strengths 


cement A, non-air-entrained concrete jess than the concrete without fly ash 
containing fly ash A or B, the same rela- except fly ash X which had approxi- 


is days. fly mately the same strength at 1 yr. 

placements of cement with fly ash re- aes Pe 
to have little effect on the relative 


sulted in concrete strengths at 1 yr h etl: alii ws B 
greater than those of the concrete with- 


out fly ash, in one case by as much as For each combination of cement and fly 
21 per cent. Replacement of 163 per cent sh, the concrete with and without air 
of the cement with fly ashes X and Y_ entrainment had similar relative com- 
resulted in somewhat lower relative pressive strengths. — 


TABLE V. 


Relative Flexural Strengths 


| 
Range Avg. Range Avg. Range 


Cement A—non air-entrained... . 93 to 87 | 90 | 100 to 81 93 | 121 to 105 
82 to 60 | 70, 108to77 90) 130 to 106 


Cement A—air-entrained | ‘ 89 to79 | 85 99 to 84 | 93 115 to 102 
| 3% 75 to 56 | 66 99 to70 | 86 | 125 to 102 


91 to 79 104 to 85 | 92 122 to 107 
76 to 60 j 103 to73 | 87 129 to 110 


93 to 79 5 97 to 94 96 117 to 110 
81 to 53 104 to 78 | 90 | 120 to 104 | 
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Figure 2 dimes bar graph for the 
relative flexural strengths. The same 
general relation shown for compressive 
strengths exists for the flexural strengths, 
as is apparent in Table V tabulation, 
except that in no case did the concrete 
with the fly ash substitutions fail to 
exceed the flexural strength of the con- 
crete without fly ash at the 1 yr period. 


Durability: 


The data from the freezing-and-thaw- 
ing tests are shown in Table III and in 
Figs. 3 and 4. In Table III are shown the 
losses in natural frequency squared, V’, 
at 10, 25, 50, 100, 150, 175, and 200 
cycles and the durability factor. 

The reductions in V? plotted against 
the number of cycles in Fig. 3 show that 
all the concretes containing fly ash and 
without air entrainment deteriorated 
very rapidly under freezing and thawing. 
With two exceptions all air-entrained 
concrete with and without fly ash sub- 
stitutions withstood 200 cycles, with a 
reduction in V? of less than 40 per cent. 
The exceptions were the concretes made 
from cement A containing 333 per cent 
of fly ash X and Y which had air contents 
of 4.0 and 3.1 per cent, respectively. 

In order to express in a single factor 
the loss in N? as related to the number 
of cycles of freezing and thawing re- 
quired to produce that loss, a value 
known as the durability factor (DF)* 
is used. The values for durability factor 
shown in Table III are calculated as 


follows: * 
¥ M 
where: 


DF = durability factor of the test speci- 
mens, 


4See Method of Test for Resistance of Con- 
crete to Slow Freezing and Thawing in Water or 
Brine, (C 292-52 T), 1955 Book of ASTM Stand- 
ards, Part 3. 
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relative dynamic modulus of 
elasticity at V cycles, per cent, 

N = number of cycles at which P 
reached 60 per cent, or 200, 
whichever is less, and 

M = 200 


The durability factors and the air con- 
tents of the concrete are shown graph- 
ically in Fig. 4. 

To insure satisfactory resistance of the 
concrete to the alternate freezing and 
thawing in the type of freezing test used, 
the durability factor should be 50 or 
greater. Durability factors for the con- 
cretes without entrained air were all 
less than 20. All the concretes without air 
made with cement A had durability 
factors of 8 or less. 

Of the 18 concretes in which air was 
entrained only two had durability fac- 
tors of less than 60. The two exceptions 
contained portland cement A, with 334 
per cent of fly ash X, and with 333 per 
cent of fly ash Y, both high-carbon fly 
ashes. The comparable concretes made 
with cement B had durability factors of 
over 80. For air-entrained concrete con- 
taining cement A with fly ash substitu- 
tions there appears to be a general rela- 
tion between air content and durability 
factor, the higher air contents being 
associated with greater durability. This 
relation was not apparent for cement B. 
(It should be pointed out that it was very 
difficult to obtain a uniform air content 
because concretes with the high-carbon 
fly ashes required such large amounts of 
the air-entraining admixture to give the 
desired air content.) Although the air 
content of the concrete in all cases was 
raised above 3 per cent by the use of 
excessive quantities of the air-entraining 
admixture, the concrete containing fly 
ash X used as a replacement for 33} 
per cent of cement A with an air content 
of 4.0 per cent had a durability factor of 
40 and that containing fly ash Y with 


3.1 per cent of entrained air, a durability 
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factor of 25. In the concretes in which 
162 per cent of cement A was replaced 
with fly ashes X and Y the air contents 
were 5.0 and 5.8 per cent and the dura- 
bility factors 71 and 81, respectively. 


trained concretes made with cement B 
were 84 or above even though the con- 
crete with the 163 per cent of fly ash Y 
had an air content of only 3.1 per cent. 

The air-entrained concrete containing 
cement A without fly ash had a dura- 
bility factor of 82, and with cement B, 
a factor of 91. These high factors indi- 
cate very little difference in durability 
between the two cements and offer no 
explanation as to why they act differ- 


The durability factor for all —— 


ently in concrete when fly ash is substi- 


tuted for part of the cement. 


Volume Change: 


The volume change data for all the 
concretes are shown graphically in Fig. 
5. The values plotted in the diagrams 
were actual test values. These curves 
show that there is very little difference 
in the volume change characteristics of 
the concrete made without fly ash sub- 
stitutions and those containing various 
percentages of fly ash. Also, those con- 
taining the higher percentages of fly ash 
in general had less shrinkage than those 
with the smaller percentage of fly ash. 


Resistance to Scaling Due to the Use of 
CaCl, as a Thawing Agent: 
Calcium chloride, frequently used for 
thawing ice on concrete pavements, has 
been found to be very injurious to non- 


air-entrained concrete. Concrete con- 
taining purposely entrained air usually 
offers good resistance to attack from 
chloride salts. 
Table IV shows periodic visual ratings 
of exposure slabs at 12, 17, 39, 51, and 
5 Data up to 51 cycles reported in Highway 
Research Board Bulletin 125, ‘Resistance of 
Concrete Surfaces to Scaling Action of Ice-Re- 
moval Agent.’’ Also published in Public Roads, 
Vol. 28, No. 7, April 1955. 
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80 cycles. The following tabulation de- 
scribes the numerical significance of the 
ratings: 


Rating of 0—No scaling. 
1 -Very light spotted scale. 
Q—-Spotted scale. 
ss 3-Light scale over about one- 
half the surface. 
4—Light scale over most of sur- 
face. 
_ §—Light scale over most of sur- 
face, few moderately deep 
spots. 
6—Moderately deep scale spotted. 
_ 7—Moderately deep scale over 
one-half the surface. 
&—Moderately deep scale over en- 
tire surface. 
—Deep scale spotted, otherwise 
moderate scale. 
-10—Deep scale over entire sur- 
face. 


The concretes without air entrain- 
ment and without fly ash had very poor 
resistance to attack by the chloride salt. 
None of the fly ashes used as replace- 
ments for part of the cement were ef- 
fectual in improving the resistance of 
non-air-entrained concrete to attack by 
calcium chloride. 

Entrained air greatly increased the re- 
sistance of the concrete without fly ash. 
In air-entrained concrete all the fly ash 
replacements for cement were detri- 
mental to the resistance to scaling of the 
concrete, as indicated by the ratings of 
3 to 8 at 39 cycles as compared to 2 for 
the concretes without fly ash. The extent 
of attack by calcium chloride did not 
appear to differ much with the brand of 
cement or with the fly ash used as a 
replacement. 

It would appear from these data that 
if there is a possibility that calcium 
chloride might be used for ice removal 
the use of fly ash as a substitute for port- 
land cement in the concrete in the per- 
centage used in this investigation is 
questionable. 
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CONCLUSIONS 


An important indication of these tests 
where fly ash was used as a replacement 
for part of the cement was the impor- 
tance of the carbon content of the fly 
ash. In general, the higher the amount 
of carbon in the fly ash and the greater 
the percentage of fly ash used as replace- 
ment of cement, the lower was the com- 
presive and flexural strength at all ages. 

The detailed conclusions are as follows: 

1. The 7-day compressive strengths of 
concretes containing fly ash are lower 
than comparable concrete without fly 
ash. With a few exceptions, the same re- 
lation was found for the 28-day strengths. 
The lower strengths were always ob- 
tained with the concretes containing the 
fly ashes of highest carbon content. At 
1 yr the strength of the concrete con- 
taining fly ash of:low carbon content was 
always higher than that of the concrete 
without fly ash, in some cases by as much 
as 20 per cent, and the strength of the 
concretes containing 163 per cent of fly 
ashes X and Y equalled or exceeded 
those without fly ash. Only the con- 
cretes containing 33} per cent of fly 
ashes X and Y (high carbon content) 
failed to meet or surpass the strengths 
of the control concrete at 1 yr. 

2. Much the same general relations 
hold for flexural strength as were ob- 
tained for compressive strength except 
that at 1 yr the flexural strength of all 
concrete with fly. ash replacement was 
greater than that of concrete without 


fly ash. 
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3. Non-air-entrained concrete with 
and without fly ash had poor resistance 
to freezing and thawing. 

4. Satisfactory durability was ob- 
tained with all air-entrained concretes 
containing cement A, the high-alkali ce- 
ment, and the 163 per cent replacement 
of the four fly ashes and the 333 per 
cent replacement of fly ash A and B, 
but the concrete with 33} per cent re- 
placement of cement A with fly ashes X 
and Y (the high-carbon fly ashes) had 
poor durability as indicated by dura- 
bility factors of 40 or lower. 

5. The effect on durability and 
strength of concrete containing fly ash 
from a given source of supply varies 
with the characteristics of the cement 
used. Therefore, for cement-fly ash com- 
binations for which no service record is 
available, laboratory investigations 
should be made prior to use. 

6. In general the concrete containing 
fly ash showed less shrinkage upon dry- 
ing than the concrete without fly ash. 

7. Non-air-entrained concrete with 
and without fly ash was severely at- 
tacked by calcium chloride used for ice 
removal. The two air-entrained con- 
cretes without fly ash had good resistance 
to attack by calcium chloride, but all 
substitutions of fly ash for portland ce- 
ment lowered the resistance to scaling. 

8. The amount of air-entraining ma- 
terial necessary to produce a given 
amount of air in concrete increases with 
the carbon content of the fly ash. 
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Mr. C. E. Lovewe (by letter) — 
These tests made in conjunction with 
those by Brink and Halstead involved 
the use of two low-carbon fly ashes and 
two higher carbon fly ashes with a low 
alkali and a high alkali portland cement, 
respectively, in concrete mixtures. 

At this point we should review certain 
well-known facts about fly ash. McMillan 
and Powers demonstrated in their ACI 
paper in 1937? that any percentage re- 
placement of portland cement by fly ash 
on an absolute volume basis resulted in 
lower strengths up to about 28 days but 
in greater strengths at 6 months and be- 
yond when the percentage was 30 or 
below. In some types of work, such as 
mass concrete, this pattern of strength 
gain is perfectly satisfactory. However, 
paving and structural concrete fre- 
quently is specified with a 14-day mini- 
mum strength requirement. With this in 
mind, in the Chicago area, mixes are re- 
designed, using as much as twice the 
absolute volume of fly ash for cement 
removed but limiting the removal of 
cement to not more than one bag per 
cubic yard. Sand to total aggregate ra- 
tios are reduced according to accepted 
mix design theory and mixing water 
generally reduced to give the same slump 
as the comparable straight portland 
mix. By this redesign method, early 
strengths, even 1, 2, or 3-day strengths, 

'Sales Manager and Service Engineer, Chi- 
cago Fly Ash Co., Chicago, IIl. 

2? F. R. MeMillan and T. C. Powers, Portland 
Cement Assn. Research Laboratories, Journal, 


American Concrete Institute, Vol. 34, pp. 129- 
143 (1937). 


4 DISCUSSION 


wt 

y! 


wi: 


are approximately the same as compara- 
ble straight portland-cement mixes. 

Hence, the conclusion by the authors 
that, in general, strengths of fly ash 
mixes up to 28 days were lower in the 
16 per cent and 333 per cent absolute 
volume fly ash replacement mixes is not 
surprising. 

Regarding durability, the fly ash con- 
cretes, particularly on the 16% per cent 
replacement basis, showed durability 
factors practically the same (see Fig 4) 
as those with straight portland cement 
(some higher, some lower). 

The summary statement that “All 
substitutions of fly ash for portland ce- 
ment adversely affected the resistance 
of both air-entrained and non-air-en- 
trained concrete to attack by calcium 
chloride solutions” should be read with 
several important reservations in mind 
as revealed by study of Table IV. In the 
first place, only the 33} per cent replace- 
ment was used in making this particular 
test. This means that concrete containing 
six bags of portland cement was com- 
pared with concrete containing four bags 
of portland cement plus two bags (74 
lb each) of fly ash. Table IV reveals 
that the 28-day strength of this fly 
ash concrete was 66, 68, 83 and 89 per 
cent, respectively, of the respective con- 
trol mixes. Although strength is not al- 
ways a criterion of durability, it is rea- 
sonable to assume that a redesigned fly 
ash concrete mix with equal strength and 
equal air-entrainment to that of the 
straight portland-cement mix would have 
had better resistance to both freezing and 
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thawing and calcium chloride salts than 
the fly ash mixes reported in the paper. 
No fly ash producer would recommend 
so great a replacement of portland ce- 
ment by fly ash for highway paving, 
where early strength is so important. 
For instance in AIA File 3-B-2 “Chicago 
Fly Ash in Quality Concrete Mixes”’,* 
reduction of cement from 6 bags to 5} 
bags and the addition of 100 lb (13 bags) 
of fly ash, with a reduction of 2 per cent 
in sand-to-total-aggregate ratio, is rec- 
ommended. 

Some tests currently are being run on 
an accelerated basis, comparing the 
straight six-bag mix with the adjusted 
fly ash mix as above recommended, both 
properly air-entrained, to determine rela- 
tive resistance to scaling attack by cal- 
cium chloride solutions under freezing- 
and-thawing conditions. 

Adding to the information in these 
papers the wealth of experience gained 
in designing several million cubic yards 
of fly ash concrete of all kinds, the writer 
would add the following conclusions: 

1. It is now possible to specify fly ash 
for concrete for paving and structures 
with assurance of satisfactory results. 

2. Provided concrete mix designs are 
used where the reduction in portland 
cement per cubic yard is limited to not 
more than one bag and the designs are 
based on compensating for reduction of 
portland cement by use of enough fly 
ash to give approximately equal 28-day 
strengths as equivalent straight portland 
mixes, the other important properties of 
the fly ash mixes will be at least as good 
as the straight portland-cement mixes 
with which they are compared. This 
assumes equal air content, where air- 
entrained concrete is called for. Likewise, 
it assumes reduction in sand-to-total ag- 
gregate ratio where the cement plus fly 


’“Use of Chicago Fly Ash in Modern Con- 
crete Mixes,’ AIA File 3-B-2, published by the 
Chicago Fly Ash Co., Chicago, Il. 
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ash volume in fly ash mixes is greater 
than the volume of cement alone in the 
straight portland cement mixes. Also it 
assumes adjustment of water content to 
give equal slump of concrete to be tested. 

None of our comments should be con- 
sidered as criticism of the work at the Bu- 
reau of Public Roads. Uniformity of test 
procedures in the interest of reducing var- 
iables to a minimum probably prompted 
the absolute volume replacement 
method. Also, it should be remembered, 
early in 1951 when this test program 
was set up, this mix design method to 
achieve comparable early strengths had 
not been worked out. Desire to blanket 
the range of probable use no doubt led 
to the selection of the 163 per cent and 
the 333 per cent replacements, respec- 
tively. Space and personnel limitations 
could easily have prompted limiting the 
scaling tests to just one of the percent- 
ages of replacement, and the selection 
of the 333 per cent replacement for this 
test was probably prompted by a desire 
to learn the worst possible condition that 
might occur. Note in this connection the 
following quote, “It would appear from 
these data that if there is a possibility 
that calcium chloride might be used for 
ice removal, the use of fly ash as a substi- 
tute for portland cement in the concrete 
in the percentage used in this investiga- 
tion is questionable.” As previously 
stated, we would not recommend a 333 
per cent substitution for paving con- 
crete, but we regard these data as valu- 
able evidence to confirm this conviction. 

We would be remiss in our desire to 
be factual if we did not point out that 
even the 333 per cent fly ash mixes 
tested as much as 19 per cent higher 
than the straight portland-cement mixes 
in flexural strength at 1 yr. This should 
be of real interest to the highway engi- 
neer who hopes that the pavements he 
designs will remain crack-free for many 
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Utilization of the data presented can- 
not help but further improve the quality 
of fly ash concrete in the future. 

Messrs. A. G. Timms Anp W. E. 
GRIEB (author’s closure)——-The Bureau 
of Public Roads is now making a limited 
series of supplementary tests of concrete 
containing several of the fly ashes which 
were used in the original tests. Among the 
variables being studied is the effect of 
using fly ash as a replacement for cement 
as recommended in the discussion by Mr. 
Lovewell. The concrete was redesigned 
by the addition of 100 lb of fly ash with 
a compensating reduction of both cement 
and sand. The cement was reduced from 6 
bags to 54 bags, and the sand-to-total 
aggregate ratio was reduced 2 per cent. 

Flexural and compressive strength 
tests to an age of only 7 days have been 
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completed. These show that the strength 
of the concrete containing fly ash is 
slightly less than the strength of cor- 
responding concrete not containing fly 
ash. This finding agrees with the results 
of tests made by other laboratories. 
Specimens for tests of the resistance of 
the redesigned concrete to scaling by 
calcium chloride used for the removal of 
ice are being prepared and will be sub- 
jected to outdoor exposure. 

In quoting relative strengths at an 
age of 28 days of concrete containing fly 
ash, Mr. Lovewell gave values for com- 
pressive strength only. The values for 
flexural strength are 87, 90, 86, and 90 
percent, which values are somewhat 
higher than those for compressive 
strength. 
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STUDIES RELATING TO THE TESTING OF FLY ASH ay 
FOR USE IN CONCRETE* 


By R. H. Brink! anp W. J. Hatsteap? 


SYNOPSIS 


Recent interest in the use of fly ash in concrete for highways has created a 
need for suitable specifications and methods of test for this material when it is 
used to replace part of the cement. The effect of fly ash on the strength of port- 
land cement-fly ash mortars is considered to indicate the probable effect on 
the strength of concrete and is used in this investigation as a criterion for 
evaluating other tests of fly ash. The effect of fly ash on the expansion re- 
sulting from the alkali-aggregate reaction is also considered. To determine the 
variations in properties which may be expected and the effect of these variations 
on the behavior of the fly ash in mortar, 34 fly ashes from 19 different sources 
were examined. 

The results of the tests indicate that generally the strength developed in 
portland cement-fly ash mortars is related to the carbon content of the fly ash, 
the fineness of fly ash as measured by the amount passing the No. 325 sieve, 
and the water required for mortars containing fly ash as compared to the water 
required for similar mortars without fly ash. No well-defined relation between 
the individual inorganic constituents of the fly ash and the development of 
strength of the mortar was obtained. 

These tests also indicate that the effect on the strength of mortar of re- 
placing a portion of the cement with fly ash varies according to the cement 
used. 

Tests of mortar bars show that fly ash may be used to inhibit the expansion 
resulting from the alkali-aggregate reaction. These tests indicate that the 
amount of fly ash required to reduce expansion below a safe limit varies for 
different fly ashes. 


Fly ash is a powdery residue resulting 
from the burning of pulverized coal. In 
modern power plants this material is 
collected at the entrance to the stack 
by electrical or mechanical precipitators 
to prevent pollution of the air. Fly ash 
is usually finer than portland cement 

* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

‘Highway Physical Research Engineer, 
Physical Research Branch, Bureau of Public 
Roads. 


? Chemist, Physical Research Brane ‘h, Bureau 
of Public Roads. 


and consists mostly of small spheres of 
glassy compounds of complex chemical 
composition together with miscellaneous 
materials such as quartz, feldspar, iron 
oxides, and carbon.* Photomicrographs 
of two fly ashes are shown in Fig. 1. 
During recent years there has been a 
growing interest by both governmental 
and industrial organizations in the use 


3A discussion of the nature and source of 
these materials and the chemical changes that 
occur during the burning of the coal is ine luded 
as Appendix II of this paper. 
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1162 BRINK AND 
of fly ath 05 on adiditive to concette. A 
number of reports have been published 
which indicate that beneficial effects may 


be obtained when fly ash is used to re- 


place a portion of either the sand or the 
cement (1, 2, 3, 4).4 In an investigation of 
concrete for the Hungry Horse Dam, 
Blanks (1) reported that fly ash improved 


Fly Ash No. 1, 0.2 per cent carbon 


HALSTEAD 


were stated to be a permeability, 
better resistance to sulfate attack, and 
reduced expansion resulting from the 
reaction between the alkalis of the ce- 
ment and certain types of aggregate. 
Fly ash has been used most extensively 
in mass concrete, particularly large 
dams, where many of the changes it 


Fly Ash No. 15, 5.5 per cent carbon 


Fic. 1.—Photomicrographs of Fly Ash (450). 


the workability and decreased the 
bleeding of plastic concrete. The segre- 
gation of aggregates in concrete was also 
decreased. During the hardening of 
concrete it was found that a cement-fly 
ash combination produced less rise in 
temperature than an equal amount of 
portland cement. Other beneficial effects 


4 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1202. 


produces in concrete are of value. As fly 
ash is less expensive than cement, its 
use to replace a portion of the cement 
has resulted in significant savings in the 
cost of certain projects. The possibility 
of reducing the cost of concrete for 
highway construction is responsible for 
much of the current interest by highway 
agencies in the use of fly ash. Interest 
has also been shown in its use at loca- 
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tions where the alkali-aggregate reaction 
is a problem. 

Regardless of the primary reason for 
using fly ash in concrete, the effect of 
the admixture on the strength of the 
concrete must be considered. When fly 
ash is used to replace a portion of the 
cement, the strength of the resulting 
concrete is usually reduced at early 
ages but with adequate curing it may 
eventually equal or exceed that of 
concrete without fly ash (1, 2). Fly ash 
contributes to the strength of concrete 
at later ages because it is a pozzolanic 
material. A pozzolan is defined in ASTM 
Standard Definitions of Terms Relating 
to Hydraulic Cement? as “‘a siliceous or 
siliceous and aluminous material, which 
in itself possesses little or no cementitious 
value but will, in finely divided form and 
in the presence of moisture, chemically 
react with calcium hydroxide at ordinary 
temperatures to form compounds pos- 
sessing cementitious properties.” The 
reaction between fly ash and the lime 
released by the hydration of cement 
develops slowly and a minimum of 30 
days may be required before the strength 
developed in concrete by this reaction 
will compensate for the initial loss in 
strength resulting from the lower cement 
content. 

Fly ashes from different sources vary 
considerably in both chemical composi- 
tion and physical properties due to 
differences between the coals from which 
they are derived and the conditions of 
burning. Consequently, it is to be ex- 
pected that their behavior in concrete 
will not be uniform. This investigation 
was conducted primarily to study the 
pozzolanic behavior of fly ash as shown 
by its effect on the strength of cement 
mortar. The strengths developed in 


® Definition of terms as applied to Hydraulic 
Cement (C 219-55), 1955 Book of ASTM 


Standards, Part 3, p. 
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mortars containing fly ash were used to 
study the relations between pozzolanic 
activity and the various chemical and 
physical properties of fly ash. Compari- 
sons were also made between the effect 
of fly ash on the strength of mortar 
and the results of other tests involving 
reaction of fly ash with lime or sodium 
hydroxide. At the time this investigation 
was undertaken, it was generally recog- 
nized that finely divided, low-carbon 
fly ashes were’ useful as admixtures to 
concrete. However, there was no general 
agreement as to the limits which should 
be placed on these properties or the 
extent to which these properties alone 
could be relied upon for selecting fly 
ashes. It was hoped that the information 
obtained in this investigation would 
provide a suitable basis for the selection 
of fly ashes for use in concrete. A study 
was also made of the effectiveness of 
fly ash in reducing expansion resulting 
from the alkali-aggregate reaction. These 
results were considered separately from 
the general behavior of fly ash as a 
pozzolanic material. 

To have fly ashes with a wide range of 
physical and chemical properties repre- 
sented in this investigation, 34 samples 
produced by 12 different concerns at 19 
individual plants were obtained. Fly 
ashes from the sources represented by 
samples 1, 3, 5, and 16 had been used 
in concrete with good results, but the 
use or quality of the other samples were 
not known. Four of the samples (1, 3, 
14, and 29) were also used in an investi- 
gation in which the effect of fly ash was 
determined directly on concrete speci- 
mens. The results of that study are 
reported in a companion article.® 

® Fly ashes 1, 3, 14, and 29 are identified as 
A, B, X, and Y, respectively, in the report by 
Timms and Grieb, ‘‘Use of Fly Ash in Concrete,” 
presented at the 59th Annual Meeting, Am. 
Soc. Testing Mats., Atlantic City, June 17-22 
(1956), 
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CHEMICAL AND PHYSICAL PROPERTIES 
oF AsH SAMPLES 


The results of chemical analyses 


showing the principal constituents of 
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samples on the basis of increasing 
amounts of carbon. 

The carbon in fly ash represents un- 
burned portions of the coal and varies 


am TABLE I.—CHEMICAL ANALYSIS OF FLY ASH (OVEN DRY BASIS). 
_ All values are in per cent. 


Loss on 


Identification Ignition, Fe2Os 
600 C | 


CaO | MgO | Na:O| 


.80! 


| 
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bo bo bo 
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35) 
-92 
38) ¢ 
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9 
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4 
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3. 
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on 


the samples of fly ash used in this 
investigation are given in Table I. In 
recognition of the importance of the 
carbon content of the fly ash, identifica- 
tion numbers were assigned to the 


with the conditions of burning at the 
plant. Some fly ashes are produced 
which contain more carbon than any of 
the samples listed in Table I, but such 
materials are not likely to be considered 


47 
or 
be 
th 
s Na20) 
| 
No 0.2 | 47.1] 19.2 | 18.2 3.21 0.01 th 
0.5 | 48.4) 19.7 | | 0.03 
~ 0.6 | 49.2) 16.2 | 19.9 B.55 0.04 A 
ae 0.7 | 39.1) 31.3 | 17.€ 61 0.08 
| 2.3 | 47.2) 19.1 | 19.4 2.79 0.11 tk 
| 2.4 | 16.4 | 20.3 1.82 | 0.64 
3.5 | 29.5 | 20.¢ 1.78 0.01 th 
6.3 | 23.4 2.64 0.07 tk 
3.8 27.1 | 19.7 1.59 0.07 b 
3.§ 25.4 17.9 .00} 1.72 | 2 0.13 
) | 23.9 1.8 1.1 | 0.40) 2.00 1.72 | 0 0.01 
12.3 | 23.7 | 2.3) 1.1 | 0.40) 2.20) 1.85 | OM | 0.02 
19.3 | 26.1 | 1.6 0.8 | gg22) 1.80) 1.40 0.03 
20.6 | 22.1 | 6.0 1.2 1.42) 1.93 0.04 lc 
24.1 | 20.7| 6.4) 1.2 83) 1.28) 1.67 | 0.10 
Ne. 6......:. 18.4 | 1.1 22) 2.38 | 6.10 If 
4.3) 1.2 67| §.82| 1.87 | 0.05 Pp 
26.7 | 3.6) 0.9 | 9.38) 2.15 | 0.03 b 
26.9 | 1.4] 0.8 25| 8.00) 1.57 | 0.01 
16.1 1.2 30 25) 1.78 | 0.10 
25. 2.29 0.06 
14. 1.62 0.14 si 
| 9.1 | 48 28 e} 
10.5 | 41 ) 
| 10.6 | 46 24 0.9 
| 11.2 | 38 23 1.0 
| 11.9 | 45 13 3.7 g 
13.6 | 40 P 
Wa. O8.......: 14.3 | 44 if 
14.8 | 32 p 
Pag 15.6 | 40 : 
0.2 | 32 5 | 14 0.7 il 
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for use in concrete. Although the loss 
on ignition of fly ash is generally con- 
sidered to be closely related to the car- 
bon content, Table I and Fig. 2 show 
that the loss can be considerably greater 
in some cases. Of these samples, five 
showed differences equal to or greater 
than 2.0 per cent, the greatest difference 
being 5.0 per cent for sample 30. These 
large differences usually occur when 
there is an appreciable amount of 
calcium hydroxide or carbonate present. 
At the ignition temperature used (600 C) 
these materials decompose to the oxide 
and either water or carbon dioxide. As 
the latter two constituents are volatile 
they increase the loss on ignition. Com- 
bined moisture from other minerals may 
also increase the loss. 

It should be noted that on account of 
the differences between the values for 
loss on ignition and carbon content, 
specification limits for the maximum 
ignition loss will insure for all practical 
purposes, that the carbon content will 
be less than this and sometimes by a 
significant amount. The one exception 
to this general statement is the case of 
sample 13 where the carbon content 
exceeds the loss on ignition by 0.1 of a 
percentage point. This small difference 
is within the limits of experimental 
error. 

It is possible that some of the samples 
tested contain small amounts of man- 
ganese, titanium, and possibly phos- 
phorus. The titanium and phosphorus, 
if present, are included with the reported 
percentage of alumina (Al.O;). When 
Manganese is present, most of it is 
included with the magnesia (MgO), and 
the balance with the lime (CaO). This 
manner of determination and reporting 
follows the usual practice in silicate 
analysis. It is believed that these minor 
constituents have no significance in this 
investigation. Details of the methods 
followed in making the chemical analyses 


FOR Use IN CONCRETE 


1165 


are given in Procedure 1 of Appendix I 
to this paper. 

The specific gravity and fineness for 
all samples of fly ash are given in Table 
II. Sample 30 had only 33.1 per cent 
passing the No. 200 sieve, and mortar 
tests were not made with this fly ash. 
The specific gravities of the fly ashes 
vary from 2.12 to 2.69 and are found 
to bear a general relation to the amounts 
of iron oxide present in the sample, high 
specific gravities being indicative of high 
iron contents. 


20 7 


| (No. 34) 
(No. 30) 


a 


Loss on Ignition, per cent 


10 15 20 
Carbon, per cent 


Fic. 2.—Relation Between Carbon Content 
and Loss on Ignition of Fly Ash. 


The fineness of the fly ash was deter- 
mined by three methods: wet sieving 
through the No. 200 and 325 sieves, air 
permeability, and hydrometer analysis. 
The amount passing the No. 325 sieve 
was determined in accordance with the 
procedure outlined in section 12 of the 
ASTM Method of Test for Fineness of 
Portland Cement by the Turbidimeter.’ 
Specific surface by air permeability was 
determined by the ASTM Method of 
Test for Fineness of Portland Cement 


7 Method of Test for Fineness of Portland 
Cement by the Turbidemeter (C 115 — 53), 1955 
Book of ASTM Standards, Part 3, p. 152. 
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TABLE II.—SPECIFIC GRAVITY AND FINENESS OF FLY ASH SAMPLES. 


| 


Fineness 


Apparent 


Amount Passing, per cent 


Hydrometer Method 


Specific Gravity 


Air Permeability | a 
Specific Surface, 
sq cm per g 


Amount 
Specific Smaller 
Surface, than 0.03 

sq cm per g mm, per 
| cent 


3075 4050 | 76 
3295 5105 79 
4305 5570 86 
2550 3130 67 
3585 3115 87 


wot mts 


3960 3085 74 
3775 3290 76 
4290 3520 81 
3110 2475 75 
4250 4070 81 


3030 1390 47 
3580 3715 71 
2960 2025 48 
2565 2770 


2845 930 


| | ROWED 


5355 2080 
4020 2330 
4060 2565 
3830 2450 
2560 


~ 


2430 2155 
2985 2088 
3315 1260 
3140 1970 
4115 


bo bo bo bo te 
|] 


4405 
4650 
4295 
3220 


tw to bo 
mise 


~ 


4795 
4400 
3860 
4610 


Air Permeability Apparatus.’ The 
weight of sample used in this test was 
determined by trial as the weight neces- 
sary to obtain a hard, firm bed in the 


8 Method of Test for Fineness of Portland 
Cement by Air Permeability Apparatus 
(C 204 — 55), 1955 Book of ASTM Standards, 
Part 3, p. 145. 


permeability cell. For many samples it 
was found necessary to use a porosity for 
the test bed of fly ash which differed 
considerably from the porosity used in 
the calibration of the apparatus. Fine- 
ness by the hydrometer method was 
determined in accordance with the 
Standard Methods of Mechanical Analy- 


alts 
t! 
A 
Ash Identification | 
4 No. 200 No. 325 
Sieve Sieve 

t 
93 

2.58 
No. 11.............-| 2.36 
2.32 

31 68 

33 61 

Bi. 

86.6 60 
74.8 47 

89.4 2000 66 ‘ 
Be 
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sis of Soils’: !° using 125 ml of a 0.4N 
solution of sodium hexametaphosphate as 
the deflocculating agent. Dispersion cup 
A shown in Fig. 3 of the method was 
used. The initial weight of each sample 
was corrected for the amount of water- 
soluble material present in calculating 
the amount of sample smaller than each 
size. 

The grain diameter accumulation 
curve obtained by the hydrometer 
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ashes Nos. 3 and 15, which have the 
highest and lowest specific surfaces 
respectively as calculated by this 
method. The curve for sample 28 is 
included to illustrate the discrepancy 
that is often shown between values for 
specific surface obtained by the air 
permeability and hydrometer methods. 
The specific surfaces by the air permea- 
bility method for fly ashes Nos. 3 and 28 
were about 4300 sq cm per g, which 


100 


No. 3 (5570 per g) 


| LZ 


im 


"4 


T 


0.15 (930 sq.cm 


No.28 (1965 per g) 


per g) 


| 
| 


c 
a 
= 
c 
= 
” 
= 
= 
a 


Particle Size, mm (Log Scale) 
Fic. 3.—Grain Diameter Accumulation Curves for Three Fly Ashes. 


analysis was used to calculate the specific 
surface based on the amounts of the 
sample estimated to have average 
diameters of 0.7, 2, 3, 4, 5, 6, 7, 8, 9, 12, 
20, 30, 40, 50, and 60 uw. The grain diam- 
eter accumulation curves for three fly 
ashes are shown in Fig. 3. The curves 
for the remaining samples used in this 
investigation lie essentially within the 
area bounded by the curves for fly 

* Standard Methods of Mechanical Analysis 
of Soils (T 88 — 54) 1955 Book of Standard Speci- 


fications for Highway Materials and Methods 
of Sampling and Testing (AASHO), Part II, p. 
257. 

'0 Tentative Method of Grain-Size Analysis 
of Soils (D 422-54 T), 1955 Book of ASTM 
Standards, Part 3, p. 1756. 


classifies both as relatively fine materials. 
The grain diameter accumulation curves, 
however, are widely different. The 
specific surfaces for these two materials 
are also quite different when determined 
by the hydrometer method, being 5570 
sq cm per g for sample No. 3 and 1965 
sq cm per g for sample No. 28. 

In Table III, average values for fine- 
ness as determined by each method are 
shown for the samples of fly ash which 
have been grouped with respect to 
carbon content. Samples Nos. 20, 27, and 
30 are not included, as these materials 
were not tested by all three methods for 
fineness. For the samples considered 
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TABLE III.—AVERAGE FINENESS OF 
FLY ASHES BY GROUPS. 


Average Fineness Values 
| Hydrometer 
Range of Air Method 
Carbon Samples Amount bility. 
Content, \Passing | | | 
per cent REpre= 325 |SPeci _. |Amount 
sented Sieve, Specific |Smaller 
face, sq Surface,| than 
| em per | sq cm 0.03 
per g mm, 
| per cent 
cg PR 11 91.9 | 3570 | 3530 75 
ee 9 83.0 | 3520 | 2340 | 60 
8-12.. 7 82.0 | 3640 | 2110 ‘61 
12-15.6 4 | 81.0 | 4420 | 2180 | 58 
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TABLE IV.—PROPERTIES OF CEMENTS USED IN PREPARING 
MORTARS CONTAINING FLY ASH. 


These data indicate that the deter- 
mination of the fineness of fly ash by 
the air permeability method is likely to 
furnish misleading information. A pos- 
sible cause of this can be seen by examin- 
ing the photomicrographs of fly ash in 
Fig. 1. The transparent, spherical 
particles are composed chiefly of the 
inorganic portion of each fly ash. The 
dark, irregularly-shaped particles pres- 
ent in fly ash No. 15 are composed of 
carbon and appear to be highly porous. 
It is believed that the results of the air 
permeability method are influenced by 


Chemical Analysis: 
Silicon dioxide (SiOz), per cent 
Aluminum oxide (Al,03), per cent 
Ferric oxide (Fe203), per cent 
Calcium oxide (CaO), per cent 
Magnesium oxide (MgO), per cent 
Sulfur trioxide (SO;), per cent 
Loss on ignition, per cent 


Insoluble residue, per cent 


Potassium oxide (K2O), per cent 
Equivalent alkali as Na2O, per cent 


Cement A Cement B Cement C 

§.7 5.4 6.1 
2.5 2.4 2.8 
See 61.9 66.1 64.9 

Sodium oxide (Na2O), per cent........... 0.33 0.04 0.13 
alt 0.86 0.15 0.72 

0.90 0.13 0.60 


Compound Composition: 
Tricalcium silicate (C;S), per cent. 
Dicalcium silicate (C28), per cent......... 
Tricalcium aluminate (C3;A), per cent...... 


Physical Properties: 
Fineness (Wagner turbidimeter), sq em per 
Normal consistency, per cent............. 
Air content of mortar, per cent 
Compressive strength,* psi 


Time of set: Initial, hr—min 
Final, hr—min 


2 ASTM Method C 109, see footnote ". 


here, those with the most carbon were 
‘ indicated to be the finest by the air 
permeability method. Determinations of 
fineness by both the No. 325 sieve and 
the hydrometer, however, showed that 
the finest fly ashes were those containing 
relatively little carbon. 


both the external and internal surfaces 
of particles of carbon. Consequently, 
increase in the carbon content of fly 
ash may be accompanied by an increase 
in total surface area even though the 
external surface area and the actual 
fineness of the material decrease. 


— 
t 
| 7 39 55 50 
33 22 25 
| 
1785 1625 1875 
24.5 25.0 25.5 
10.0 6.8 
7 2260 2960 4325 
28 d 3560 4725 | 6000 | 
mp. | 4-0 6-25 5-5 
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TABLE V.—WATER REQUIREMENT RATIO OF CEMENT - FLY ASH MORTARS, 
PER CENT. 


) : Water Requirement Ratio, Based on Control Mortar 
10 per cent 20 per cent 35 per cent 50 per cent 
Fly Ash Identification Replacement Replacement Replacement Replacement 
| Cement Cement Cement Cement 
1:2.75 Mortar 
96 | 04| 94| 93! 93| 92! 90! 90! 89! 86! 86! 85 
100 | 100 101 97 96 99 92 91 94 88 87 89 
96 94 94 93 93 92 90 90 89 87 87 85 
OE Sea ees ee 103 | 101 101 97 99 99 92 97 97 91 96 95 
NES ae re eee er 101 100 | 101 97 97 97 94 94 93 | 90 91 90 
Ree ee et 101 101 101 99 99 99 97 | 100 97 | 101 101 101 
I ES OS eee 104 | 103 | 103 | 104 | 103 | 102 | 103 | 101 100 | 103 | 103 | 10¢ 
101 101 102 | 100 | 101 100 97 99 97 94 94 95 
100 | 101 102 100 | 101 102 99 | 100 | 100 97 99 98 
SS Serre ee 100 | 99 102 100 100 102 100 101 103 100 101 103 
SS . Se ae eae 104 | 103 | 103 | 101 104 | 101 | 104 | 101 101 | 103 | 101 103 
101 100 | 102 | 98 | 100 | 100 97 99 98 94 97 97 
Sk Re eer 100 | 100 | 102 | 101 103 | 105 | 103 | 104 | 106 | 104 | 109 ; 111 
| Se are rae 101 100 | 100 | 101 100 | 100 | 101 | 100 | 100 | 103 | 100 | 101 
WR NG aioe od Sine ewe 101 103 | 103 | 104 | 104 | 105 | 106 | 107 | 106 | 107 | 109 | 109 
103 | 100 | 101 100 97 | 99 97 94 96 94} 93) 94 
98 | 100 101 97 | 101 | 100 97 | 101 | 101 97 | 101 101 
102 | 99 103 | 102 | 100 | 101 | 102 | 100 | 101 102 100 | 101 
BIE 2s cin ate eo 98 | 103 | 103 | 98 | 103 | 105 98 | 103 | 105 | 102 | 106 | 108 
NR 5. crea hans: atest ate 100 | 100 | 100 98 | 101 100 98 | 100 | 101 | 98 | 101 | 101 
eee ee 102 | 100 | 101 | 106 | 106 | 108 | 112 | 113 | 116 | 118 | 122 | 125 
Oe RE rear 102 | 103 | 103 | 103 | 106 | 106 | 108 | 110 | 111 | 111 113 | 124 
Me oe Sean bones 100 | 101 100 | 100 | 103 | 101 102 | 106 | 104 | 105 | 109 | 107 
On A er ere ee 100 | 100 98 | 102 | 103 | 101 103 | 104 | 1903 | 106 | 106 | 106 
a Sheed 101 101 101 103 | 104 | 104 | 109 | 109 | 109 | 116 | 115 | 116 
Be Re ic ok ce ees 100 | 103 | 103 | 102 | 107 | 108 | 105 | 109 | 112 | 109 | 113 | 116 
GPs kh oewen wcuacie 107 | 107 | 107 | 109 | 109 | 109 | 118 | 118 | 115 | 125 | 125 | 119 
SS a ear 104 104 | 101 106 | 104 | 106 | 110 | 109 109 | 118 | 115 | 115 
ony eae ae 101 101 101 103 | 103 | 103 | 106 | 103 | 104 | 108 | 106 | 106 
Ae ee 100 99 99 | 99 99 97 97 99 | 97 99 | 100 99 
Oy Sa ae 103 | 103 | 101 | 104 | 106 | 104 | 109 | 109 | 109 | 113 | 113 | 113 
ea 101 104 | 101 106 | 109 | 107 | 113 | 119 | 117 | 122 | 126 | 125 
PUSS aca b he cee 109 | 109 | 109 | 118 | 116 | 116 | 125 | 125 | 125 | 134 134 | 137 
1:2 Mortar 
99| 97| 97| 94| 93! 89! 89! 89! 84! 85 
> Se ree 96 99 99 92 93 94 86 90 92 82 86 7 
a, Se pee 100 | 101 100 | 102 | 100 | 100! 101 100 | 100 | 101 100 | 100 
100 101 100 100 | 103. 101 105 106 | 104 110 | 109 107 
1:3.5 Mortar 
97 | 97| 95| 95| 93) 91 92 91 88 | 89 | 88 
97 | 97| 96) 95| 95| 93) 92] 88| 87 
101 | 97) 100 | 101 | 99) 100) 101.) 99 | 100) 101 | 100 | 100 
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TABLE VI.—COMPRESSIVE STRENGTH OF CEMENT -FLY ASH MORTARS 
PREPARED WITH CEMENT A—MOIST AIR STORAGE AT 73 F. 


Compressive Strength of 


Control Mortar, psi 


Compressive Strength Ratio of Mortars Containing Fly Ash,° per cent 


(without Fly Ash)* 10 per cent r cent 35 per cent 50 per cent 
Replacement Replacement Replacement Replacement 

28 | 91 | 365 91 | 365 | 28 | 91 | 365 | 28 | 91 | 36s 
28 days|91 days 365 days) gays | days | days | days days| days days days days | days | days 
1:2.75 Mortar = 

3180 | 3840 | 4240 | 92\ 90| 100 121| 82 101| 110! 72| 84! 90 
3760 | 4440 | 4940 | 100) 98) 112 104 117) 84 106, 80 94 98 


3180 | 3840 | 4240 | 


3420 | 3770 | 4440 


3000 | 3630 | 4120 | 
3360 | 3780 | 4290 | 


3420 | 3770 | 4440 
3420 | 3770 | 4440 
3760 | 4440 | 4940 
3540 | 4120 | 4710 
3440 | 4110 | 4400 
4170 | 4590 
3540 | 4120 | 4710 
3330 | 3940 | 4550 
3760 | 4440 | 4940 
3440 | 4110 | 4400 


= 


3520 | 3830 | 4580 | 


3740 | 4450 | 4750 
3520 | 3830 | 4580 


3740 | 4450 | 4750 | 


3740 | 4450 | 4750 
3520 | 3830 | 4580 
3800 | 4020 | 4490 
3520 | 3830 | 4580 
3360 | 3780 | 4290 
3520 | 3830 | 4580 


3000 | 3630 | 4120 | 


3440 | 4110 | 4400 
3330 | 3940 | 4550 
3520 | 3990 | 4560 


3520 | 3990 | 4560 | 


3520 | 3990 | 4560 
3630 | 4120 


97, 111 
101) 108) 118 
112) 121 


96; 100) 101 


108) 115) 118 
107) 115) 125 


102 


96, 97] 
96) 101; 110) 


94) 103) 112 


95! 96) 99 
90 93) 99 
93) 93 
103) 102} 112) 
104 113) 112 


100) 103 
95| 98 
94 101) 101 
82) 84 
96 99| 99 
88| 96) 98 
92) 100) 100 
92| 93) 93 
94) 108! 107 
98| 94) 97 
101) 111 
84, 91! 95 
111) 114) 
95| 101) 98 
94, 90) 93 


96 101) 104; 87 


110) 126) 97 
106, 119) 82 
124) 102! 
99| 113) 82 
116] 126) 86 
120, 130) 96 


108! 76 
99| 83 
90; 105) 65 


| 106} 113) 83 


84) 90) 64 
86, 94 60 
95 67 
127, 95 


| 107; 108) 87 
| 115) 86 
/ 108; 72 


108; 66 


123) 95) 105) 111 


3; 112) 64) 93) 90 


135, 112) 115 


103) 67) 76, 79 
| 113) 65) 89) 95 


131| 87| 114) 122 
62) 89) 102 
108! 72) 82) 87 
103} 87 
112) 67| 97 
88| 45, 61| 71 
68| 77 
51| 68| 77 


138) 91) 114! 124 


121; 64) 82) 105 


100) 58; 86, 96 


103) 45) 63) 7 
66 30) 44 48 
95, 46) 73 


42) 56) 65 
94) 56) 88 
76, 42) 52| 52 


94) 54) 81) 84 
82} 41) 51) 52 
95} 44) 65| 81 


84, 46, 60 74 


109, 115) 70) 99 105 
83} 92) 39) 59) 74 


79; 41) 56) 64 


102} 59} 78 85 


1:2 Mortar 


102| 99 
103) 108 


| 
100; 108) 83 


1:3.5 Mortar 


97| 108) 117 
92) 100 113 


88) 97| 103 
105, 106) 133 


96 103) 116 


97; 124, 73 


133) 91 


67, 76, 57 
122) 72 


92) 114! 73 


108 42) 68, 98 
109 88 


118 59) 80} 102 


¢* Each value is an average of three 2-in. cubes. 
> Reported as a percentage of the strength of control mortar. 
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N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 


— 
4 
Fly Ash 
Identificat 
Ne. 1.... 
No. 4.... 96 
102 127) “3 
No. 6... 94 
99 112 Ni 
Bisel’ No. 8... 101 126 
No. 9.... 86 98 
No. 10... 95 99 
No. 11... 82 87 
No. 13... 75 84 
No. 14... 75 77 
ee No. 15... 81 80 N 
No. 16... 95 121 
No. 17.. 117 N 
No. 19... 88 6 N 
No. 21... 72; 75) 81! 53) 60 | 
No. 22... 100) 105; 68) 88 
No. 23... 75) 54) 75 
No. 24... 88| 101, 71) 96 
25... 84) 90} 89| 74 
No. 26... 92| 69) 93 
No. 27... 83} 85) 62 76 
No. 28... 86, 98) 105| 66 85 
No. 29... 73| 81) 93| 60 
No. 31... 91; 109 116, 80 
No. 32... 78 89) 93) 64 
7| 93) 92] 67) 82 
aay 
No. 1........| 4670 | 5340 | 5890 | 102 108| 124) 97| 115| 119| 92| 104! 114 
eo, | No. 3........| 4560 | 5490 | 6510 | 102 115) 115] 109) 121) 114) 114) 117, 109 x 
No. 14........| 4960 | 5800 | 6840 | 96| 104) 87 94 63) 80) 86 54) 73° 78 
No. 29........| 4960 | 5800 | 6840 | 95) 104 102) 75) 92 64 81) 91) 44) 64 75 
No. 1........| 2540 | 2950 | 3170 9s! 121) 61! 88} 103 
vm No. 3........| 2540 | 2950 | 3170 | 92) MN 110 136) 82) 103) 117 
es No. 14........| 2540 | 2950 | 3170 78 a 82 
a. No, 29........| 2830 | 2920 | 3000 95 85 
a 
| 


TABLE VII.—COMPRESSIVE STRENGTH OF CEMENT -FLY ASH MORTARS 
PREPARED WITH CEMENT B—MOIST AIR STORAGE AT 73 F. 


Compressive Strength Ratio of Mortars Containing Fly Ash,” per cent 
Compressive Strength of 

Control Mortar, psi — 
Fly Ash (without Fly Ash)? 10 per cent | 20 per cent | 35 per cent 50 per cent 


Identification Replacement | Replacement Replacement Replacement 


| 28 91 365 | 28 91 365 28 91 365 28 91 365 
28 — days |365 days days | days | days days | days days days | days | days | days | days | days 


1:2.75 Mortar 


6260 | 7030 | 92 92) 98 82 93 102 66 | 84 
6360 | 6560 108, 105 113, 92 | ¢ 67 | 85 | 
6260 | 7030 | 95 103) 105) 9: 3) 75 | 93 
6000 | 6440 | 99, 83) 10: ( 3} 72 | 89 
6190 | 6780 | 94 100 97| 113) 69 | 91 | 
6730 | 6930 | 83) 83 ¢§ | 76) _ 54 | 76 | 
6240 | 6390 | 90 92) 9 65 | 84 | 
6240 | 6390 | 88) 95) | 94 74 | 97 | 
| 6000 | 6440 | 99) 101 9 56 | 70 | 
6000 | 6440 | 105) 107| 109) | 9% | 66 | 82 
6410 | 7040 | 83) 91) § | 90) 48 | 65 
6360 | 6560 | 97) 99 2) 94) 63 | 78 
6000 | 6440 | 99 100 94 51 | 66 
6290 | 6620 | 92) 86 95) 9} 93) 55 | 69 
6000 | 6440 | 91) 98) 102) 3) 48 | 63 
6410 | 7040 | 87) 95 57 | 78 
5540 | 5870 | 92) 100 5 | 65 | 86 
6040 | 6540 | 87) 95 ( ¢ 58 | 78 
5770 | 6260 | 87) 100 | 89) 58 | 74 | 
5540 | 5870 a: | 54 | 70 
6040 | 6540 ‘ 7| 33 | 45 | 
5540 | 5870 5) 694) 103) 65 | 51 | 68 
5900 | 6590 | 89, 92) 93) 68 | 47 | 60 
5900 | 6590 | § 3} § ¢ 73 
6730 | 6930 7 9 | 57 
5900 | 6590 | 74 
6190 | 6780 
6410 | 7040 | 
6290 | 6620 | 
6640 | 6930 
6640 | 6930 
6640 | 6930 
6190 | 6780 


3 
3 
3 
3 
2 
l 
8 


1:2 Mortar 


10390 |10970 93) 99 89 
3........| 8560 110260 110960 § 108, 87 | 100 
34... 8440 10390 (10970 90; 91 101) 71 82 


Yo. 29........| 8440 |10390 |10970 92, 93! 101) 76 


1:3.5 Mortar 


No. | 42 98 11: 90) 100 
Be Bs 270 | j 3| 88! 106 63 107) 52 
No. ; 27 : ! | 93) 6 70} 87| 43 | 

No. 2¢ d 5 86) ¢ 96 79 #90) 51 


Average | 83 91 102 70 | 82 96 54 | 70 | 90! 38 


“ Each value is an average of three 2-in. cubes. 


’ Reported as a percentage of strength of control mortar. aan 


‘ 
EEE 
4 
Me. 1........| | 51175 | 87 
1 63179 | 87 
No. 3........| 514 | 69 | 89 98 
No. 4........| 484 | 46 | 63 | 76 
No. 5........] 51d || 55 | 76 | 98 
3} 35 | 50 66 
| 45 | 67 | 92 
No. 8........| 528 45 | 70 | 102 
2; 46 | 68 87 
No. 10........| 484 46 | 67 77 
8.......4 33 | 50 64 
No. 12........| 508 53. | 72 | 93 
No. 13........| 484 35 | 50) 60 
No. 49: 5| 36 | 51 | 62 
No. 15........| 48 28 | 40 | 62 
No. 16........| 52% 47 | 72| 92 
No. 18... 502 40 61 82 
No. 19........| 49 6 37) 51 71 
No. 20........| 47¢ 8} 38 | 52 | 73 
No. 21........| 50% 1| 20 | 33 | 41 
No. 22........| 47 5| 31 | 45 | 66 
No. 23........] 48 2} 29 | 42] 51 
No. 24........| 48 2} 37 | 51 | 67 
No. 25........| 55 5| 26 | 39 | 49 
No. 26........| 48 3, 37 | 56 | 64 
No. 27........| 51 28|40| 47 
No. 28........| 52 9) 26 | 41 | 55 
No. 29........| 49 5| 33 | 44 | 57 
No. 33........1 0} 25 | 48 
No. 33........| 52 1) 23 | 34| 44 
No. 34........| 51 2} 28 | 41 | 49 
Average ....... 94) 7 72| 86| 39 | 55 | 70 
| | 
70 | 85 | 60) 71) 81 
92) 56 | 64 | 80, 40 62 Zé 
5 80; 89) 53 | 60 33 | 43 | 57 
8 06 65 | 76 | 90) 52 | 62 | 73 7 aa 
3 
7 65 | 94 
71 | 97 
43 53 


TABLE VIII.—COMPRESSIVE STRENGTH OF CEMENT -FLY ASH MORTARS 
PREPARED WITH CEMENT C—MOIST AIR STORAGE AT 73F. 


Compressive Strength of 


Compressive Strength Ratio of Mortars Containing Fly Ash,” per cent 


Control Mortar, psi 
Fly Ash (without Fly Ash)* 10 per cent 20 per cent 35 per cent 50 per cent 
Identification Replacement Replacement Replacement Replacement 
28 days| 91 days|365 days| | days | days | days|days | days|days| days | days | days|days| devs 
1:2.75 Mortar 
5920 | 6240 | 6590 | 96] 103| 79 | 89] 64 | 87| 107| 58 | 79] 98 
5390 | 5670 | 6070 | 89 | 76| 94| 106) 69 | 104 
5920 | 6240 | 6590 | 92) 99] 102) 89 | 102) 114) 76 | 98) 113) 70 | 91) 101 
| 5490 | 5870 | 5860 | 90) 96) 103] 75 | 87) 99) 67 | 82) 96, 50/| 89 
| 5670 | 5740 | 5770 | 94) 99) 89 | 104] 74 | 100) 117| 66 | 90) 113 
No. 6.. | 5250 | 5270 | 5530 | 92| 100) 104] 81 | 95) 100| 61 | 83) 87| 48| 64] 71 
5490 | 5870 | 5860 | 94) 111| 81 | 72 | 87) 52 | 70| 88 
5490 | 5870 | 5860 | 106| 117| 89 | 107| 118] 83 | 105) 117| 62 | 81) 108 
4900 | 5420 | 5790 | 104) 97 | 106) 106| 77 | 94) 53 | 68) 83 
No. 10........ 5490 | 5870 | 5860 | 96) 104) 102} 85 | 95) 69 | 85| 87| 52| 74| 87 
6100 | 5970 | 6190 | 104| 109| 77 | 58 | 80) 36| 58] 79 
No. 12........ 5390 | 5670 | 6070 | 102) 108| 93 | 106) 73 | 86) 105| 59 | 79) 98 
No. 13........ 5490 | 5870 | 5860 | 93] 97|\76| 79] 95] ...|...|...| ...] ...]... 
4900 | 5420 | 5790 | ...| ...| ...| ...| ...| 65 | 73] 82143] 55] 68 
No. 14.. 5440 | 5610 | 5640 | 92) 94) 79 | 87) 98| 59) 43 | 59) 72 
No. 15.. 4900 | 5420 | 5790 | 98) 94) 84 | 92) 93/65 | 75) 83| 41| 54) 69 
No. 16........ 6100 | 5970 | 6190 | 102} 80 | 98) 108| 71 | 90) 106) 58 | 83) 108 
No. 17........ 5080 | 5360 | 5650 | 104) 107| 111| 92 | 102) 106} 80 | 93] 105| 57 | 78| 94 
5410 | 5220 | 5750 | 103) 107| 115| 97 | 112) 73 | 108] 55 | 76| 88 
5080 | 5360 | 5650 | 99) 103) 85 | 98] 57 | 72| 41 | 67| 77 
No. 20........ 5410 | 5220 | 5750 | 93) 104) 101) 82 | 104) 60 | 77| 61) 72 
5410 | 5220 | 5750 | 85} 88| 67| 75| 42| 57| 25 | 38) 42 
No. 22........ 5080 | 5360 | 5650 | 93) 96; 99| 78 | 93) 97| 56| 69| 80| 36| 47 
5570 | 5640 | 5940 | 87| 92) 93| 79) 86 49| 67| 78| 31| 48) 62 
70 | 5640 | 5940 | 85) 90| 87| 72| 82! 90| 59| 74) 36| 57| 7 
No. 25........ 5250 | 5270 | 5530 | 98} 95| 76| 84! 58| 75| 37| 50| 55 
5080 | 5360 | 5650 | 92) 97| 97| 77 86) 91| 57| 73) 81| 37| 54] 65 
was 5670 | 5740 | 5770 | 97| 72 77| 82| 59) 65| 38| 50] 55 
No. 28.. 6100 | 5970 | 6190 | 86) 95| 72| 88| 54| 77| 67 
No. 29. 5440 | 5610 | 5640 | 89| 109| 80 | 87| 58| 68] 85| 38| 50| 67 
No. 31........ 5540 | 5500 | 5490 | 98| 111| 79 | 93) 106| 65 | 85! 109| 48 | 97 
5540 | 5500 | 5490 | 91| 97| 102} 69 | 84| 63) 79| 28 | 42) 58 
No. 33........ 5540 | 5500 | 5490 | 94) 97| 102} 68 | 75| 44| 56) 64) 31 | 42) 50 
No. 34........ | 5670 | 5740 | 5770 | 100! 99| 74| 84) 86 61! 67| 34| 46) 51 
93} 99) 102} 80| 92) 63| 90) 46| 64) 7 
1:2 Mortar 
8680 | 8940 | 9740 | 84) 91 95) 80 | 91, 99| 70| 87 101| 60 | 79| 86 
7490 | 8120 | 9420 | 104) 99 | 109] 92 | 113) 110) 85 | 102| 98 
8680 | 8940 | 9740 | 101) 101) 81 | 93; 60| 76) 84| 61) 71 
8680 | 8940 | 9740 | 92) 98) 09 78 | 71| 34| 48| 61 
92) 98 100 84 96 99| 70| 87| 94 56 | 72| 79 
1:3.5 Mortar 
| 4140 | 4050 | 4270 | 103| 105! 76 | 98! 66 | 90! 110! 57 80! 103 
No. 3. 4140 | 4050 | 4270 | 92) 105! 87 | 108) 72 | 103) 66 | 99) 119 
| 4140 | 4050 | 4270 | 90) 78 | 91| 99| 53| 72 87| 37| 57| 80 
| 3890 | 4090 | 4160 | 93) 96 98/75 | 86) 90| 55 | 68| 80) 36 | 65 
| 90, 100, 101) 79 | 96) 62 | 100, 49 | 71) 92 


@ Each value is an average of three 2-in. cubes. 
> Reported as a percentage of the strength of control mortar. 
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On TESTING FLy AsH 


COMPRESSIVE STRENGTH Tests oF Control specimens were prepared each 

Mortar CONTAINING Fly Asi day that specimens containing fly ash 

; Et were made. All cement-fly ash combina- 

The test specimens for determining tions were repeated with each of three 

the effect of fly ash on the compressive cements whose properties are given in 
strength of mortar were 2-in. cubes and Table IV. 
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S| 10 percent Replacement 
iH 
| 
40 Alt 
20 
123 456 7 8 9 12 IS 16 19 2 22 23 24 25 26 27 28 20 31 32 33 4 365 Days 


Fly Ash Number 


91 Days 
28 Days 


20 percent Replacement F | 


Average Compressive Strength Ratio 
@ 


20 j 


5 6 7 8 9 10 HW 12 13 4 IS 16 IT 18 19 20 21 22 23 24 25 26 27 28 29 31 32 33 34 
Fly Ash Number 
Fic. 4.—Development of Compressive Strength in Cement - Fly Ash Mortar for 33 Fly Ashes. 


Note: Values plotted are averages of the compressive strength ratios obtained with cements A, B 
and C in a 1:2.75 mortar. 


Samples arranged from left to right in order of increasing carbon content. 


were made both from a control mortar The mixing of the mortars and molding 
containing no fly ash and test mortars of the specimens were performed in 
in which various amounts of the same accordance with the ASTM Method of 
cement were replaced with fly ash on a Test for Compressive Strength of 
solid volume basis. Each fly ash was Hydraulic Cement Mortars." As speci- 
used to replace 10, 20, 35, and 50 per 1 Method of Test for Compressive Strength 


, of Hydraulic Cement Mortars (Using 2-in. 
arty of the cement in a 1:2.75 mix by Cube Specimens) (C 109-49), 1949 Book of 
weight using graded Ottawa sand. ASTM Standards, Part 3, p. 92. 
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fied in this procedure a uniform con- stored at 73 F in moist air in tightly 
sistency of all mortars was maintained covered containers until tested at ages 
by adjusting the amount of water added of 28, 91, and 365 days. 

to each mix. The effect of a particular The water requirement ratios used for 
fly ash on the amount of mixing water preparing the mortars containing fly 


120 —f}— 
7 35 per cent Replacement 
it 
= 80) 
| 
20} 
1 2 9 12 3 4 15 16 1 22 23 2425 26 
2 Fly Ash Number 
120 
a 50 per cent Replacement 
E 100 = 
60 
40}— 


123456789 0 2 34 15 IT 18 19 20 21 22 23 26 25 26 27 28 29 31 32 33 34 
Fly Ash Number a 
Fic. 5.—Development of Compressive Strength in Cement - Fly Ash Mortar for 33 Fly Ashes. 


Note: Values plotted are averages of the compressive strength ratios obtained with cements A, B, 
and C in a 1:2.75 mortar. 
Samples arranged from left to right in order of increasing carbon content. 


required can be indicated conveniently ash are given in Table V. The results of 
by calculating the ratio of the amount the tests for compressive strength of 
of water required by the cement -fly these mortars are given in Tables VI, 
ash mortar to that required by the con- VII, and VIII. For the convenience of 
trol mortar. This ratio will be referred the reader, the actual average strengths 
to subsequently as “‘water requirement obtained in tests of the control mortars 
ratio.” After removal from the molds at (without fly ash) are given, but the 
an age of 24 hr, all specimens were strengths of the mortars containing fly 


365 Days 
91 Days 
| 
i 
4 
4 
2g 


Days 
ays 


ays 


ash are reported as ratios (in percent- 
ages) of the strength of the control 
mortar. By this means, -direct compari- 
sons can be made to study the effect of 
any variable included in these tests. 
Figures 4 and 5 show averages of the 
compressive strength ratios obtained 
with the three cements for each fly ash. 

As shown in these tables and figures, 
an increase in age of test is usually 
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the reduction in strength caused by the 
use of less cement. This early loss in 
strength became greater as the amount 
of replacement of cement by fly ash was 
increased. At greater ages, however, some 
fly ashes furnished sufficient pozzolanic 
activity to overcome this early defi- 
ciency in strength. The general decrease 
in strength ratio with increase in the 
carbon content of the fly ash is also of 


130 T 

2 © 1:2 Mix ly Ash No. 
£ + 1:2.75 Mix 
4:3. 5 Mix 4 
60 
100 
= 
a 
E 
| 

Fly Ash No. 14 | Fly Ash No.29 
| | | 
ie) 100 200 300 400 100 200 300 40 


Age at Test, days 
care Fic. 6.—Effect of Mix Proportions on Strength of Cement - Fly Ash Mortars. 
Averages of values obtained with each of 3 cements with 35 per cent of cement replaced by — 


ash, 


accompanied by an increase in strength 
ratio. This is assumed to indicate that 
each fly ash tested here has some poz- 
zolanic properties. The few results which 
do not follow this general trend are 
believed to be instances where the 
effects of pozzolanic action have been 
overshadowed by other experimental 
variations. 

The replacement of part of the cement 
by fly ash usually resulted in some loss 
of strength at an age of 28 days, since 
at this age sufficient pozzolanic action 
had not taken place to compensate for 


interest, as well as the individual fly 
ashes which gave results departing from 
this trend. 


fee 


{ 
EFFECT OF RICHNESS OF MIx 


As shown in Tables VI, VII, and VIII, 
four fly ashes, Nos. 1, 3, 14, and 29, 
were tested in 1:2, 1:2.75, and 1:3.5 
mortars. The average results of tests of 
these mortars obtained with a 35 per 
cent replacement of the three cements 
are shown in Fig. 6. For three of the four 
fly ashes, the richest mix showed the 
least reduction in strength ratio at an 
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age of 28 days and the leanest mix 
_ showed the most. For the fourth fly ash, 
the strength ratios at 28 days were 
_ practically the same. At an age of 1 yr, 
however, the leanest mix showed the 
greatest strength ratio for all fly ashes. 


effect of differences in cement is illus- 
trated by the graphs of Fig. 7 which 
show the age-strength relations obtained 
for a 35 per cent replacement with each 
of three fly ashes of different carbon 
content and also the average of the 


140 T T 
A 
cet 
120 
+ 
ft CU 
men 
Fly Ash No.8 
c 
$ so} 
5 Fly Ash 
g 
60 
3 
o 40 
120 
Oo 
100 
a 
8 80 
60 Cement C — 
| 7 Avg. for 33 Fly Ashes 
Cement 8 
40 | 
Fly Ash No. 2! 
20 
1@) 100 200 300 400 100 200 300 400 


Age at Test, doys 


Fic. 7.—Effect of Cement on Strength of Cement - Fly Ash Mortars. 1:2.75 Mortar with 35 per 


cent Replacement of Cement by Fly Ash. 


This shows that ultimately fly ash may 
be of most value in the leaner mortars 
and concretes. Similar results have been 
found with the use of various pozzolans 
in concrete (5). 


INFLUENCE OF CHARACTERISTICS 
OF CEMENT 
The characteristics of the cement used 
had a marked effect on the strength 
ratio of mortar containing fly ash. The 


strength ratios obtained with 33 fly 
ashes. The use of cement A produced 
appreciably higher strength ratios than 
cement B with all fly ashes. With few 
exceptions, mortars prepared with ce- 
ment C produced strength ratios inter- 
mediate between those shown for mor- 
tars containing cement A or B. 

To investigate further the variations 
in strength ratio which might occur 
because of differences between cements, 
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TABLE IX.—EFFECT OF CEMENT ON THE COMPRESSIVE STRENGTH 


RATIO OF CEMENT-FLY ASH MORTAR. 


The results obtained with the 10 cements 
are shown in Table [X. As in the previous 
tests, a wide range in compressive 
strength ratios was found for the single 


|_Equiv. Naz O Content of Cements, percent | 
0.61 to 1.08 (Avg 0.81) o 
0.48 to 0.50 (Avg 0.49) + 
0.19 to 0.38 (Avg 0.27) 


Properties of Cements Compressive Strength Ratio of 1:2 Mortars with 
50 per cent Replacement of Cement with Fly Ash 
No. 3, per cent 
Alkali Compressive 
Content, F Strength of 
Silicate | Turbidi- 3 14 28 91 1 
Nad, Content, | meter, r| days | days | days | days | days 
per cent percent |sqcm perg y y y y y 
ey: 1.08 27 2100 5025 68 62 81 96 94 83 
RiidiendovRaus 0.82 48 1860 6365 83 87 95 94 97 89 
— ere 0.74 28 2000 5210 61 66 80 89 80 77 
eR 0.61 52 1800 6600 90 81 85 98 | 104 | 100 
Average 0.81 39 1940 5800 76 74 85 94 94 87 
EP ee 0.50 55 1870 6610 72 67 74 95 103 98 
A Se: 0.48 73 2440 8540 69 62 71 85 99 92 
cS... 0.48 39 1760 6415 76 64 | 72 88 87 90 
Average 0.49 | 56 2025 7190 72 64 72 89 96 93 
: rr 0.38 | 42 1860 7950 81 | 68 | 71 | 74 92 | 85 
RE 0.24 46 2040 7135 69 7 76 85 93 99 
Mss Ueeoice 0.19 | 61 1780 8125 81 72 76 72 70 84 
Average. 0.27 | 50 1890 7740 77 69 | 74 | 77 85 89 
compressive strength specimens were 120 
prepared with 10 cements other than <= 
those previously used. In each case, a 8 jog 
1:2 mortar was prepared with fly ash & — 
No. 3 replacing 50 per cent of the ce- 2 / , 
ment. The cements were selected to . —— 
provide a wide range in alkali content, © 
tricalcium silicate content, and mortar £ 
60 
strength. Cements A, B, and C also oe 
varied considerably in these properties. 3 
a 
@ 
o 
> 


fly ash used. 

The samples of cement in this table 
have been separated into three groups 
on the basis of their alkali content. As 
shown in Fig. 8 the rate of gain 
in strength ratio for the groups of mor- 
tars prepared with high-, medium-, 
and low-alkali cements was influenced 
by the alkali content of the cements. 
The mortars prepared with high-alkali 
cement reached maximum strength 


3 7 14 28 
Age at Test, days (Log Scale) 


Fic. 8.—Effect of Alkali Content of Cement 
on Strength of Cement - Fly Ash Mortar (50 per 
cent Replacement—1:2 Mortar). 


365 


ratios at some age between 28 and 91 
days. Those prepared with medium- 
alkali cement required about 91 days 
to gain a maximum strength ratio. The 
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mortars prepared with the cements of 
the low-alkali group appeared to be 
still gaining in strength ratio when the 
test was terminated at an age of 1 yr. 

Davis (5) has stated that a larger 
replacement of cement by a pozzolan 
may be made when type I or II cement 


is used than when type IV cement is 
_used. Types I and II cements contain 
more tricalcium silicate than type IV 


and should liberate more lime which 
100 T 7 
| 
g 
i=] 
ac 
60 
2 
a 
ao 
3 T = 
ricalcium Silicate Content 
2 27 to 39 (Avg 31) © 
> 42 to 48 (Avg 45) + 
20+ 52 to 73 (Ava 60) 
&- 
o 
O 
0 3 7 4 28 91 365 


Age at Test, days (Log Scale) 
Fic. 9.—Effect of C;S Content of Cement on 


Strength of Cement - Fly Ash Mortar (50 per 
_ cent Replacement—1:2 Mortar). 


can combine with the pozzolan. To check 


_ this hypothesis, the data given in Table 


[X were rearranged on the basis of the 
tricalcium silicate content of the ce- 
ments and placed in groups in which 
the average tricalcium silicate content 
of the cement was 31, 45, and 60 per 
cent. The age-strength data for these 


_ groups are shown in Fig. 9. At an age of 


1 yr, when the strength resulting from 
pozzolanic action would be more fully 


_ developed for all cements than at early 


ages, the strength ratios of the three 
groups of cement vary directly with 
the tricalcium silicate content. At ages 
less than 1 yr, no definite relation be- 


' 
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tween strength and tricalcium silicate 
is apparent. 

The data given in Table LX and shown 
in Figs. 8 and 9 indicate that the cement 
used has a marked effect on the develop- 
ment of strength from pozzolanic action 
in a cement-fly ash mortar. At the earlier 
ages of test, the alkali in the cement 
appears to accelerate the reaction be- 
tween the cement and the fly ash. This 
agrees with data reported by Alexander 
(6). At the greater ages of test, the type 
of cement, or more definitely the amount 
of tricalcium silicate in the cement, ap- 
pears to govern the benefits derived by 
the addition of fly ash to the mortar. 


PozzOLANIC STRENGTH INDEX 


To determine the relations existing 
between the strength of cement - fly ash 
mortars and the properties of fly ash, 
it was necessary to select one standard 
of comparison for the strength of the 
mortar. The strength ratios of mortar 
obtained at an age of 28 days with 35 
per cent replacement of cement by fly 
ash were considered the most suitable 
for this purpose. A large percentage of 
replacement, such as this amount, was 
found to show the effect of different fly 
ashes on the strength of mortar to the 
most marked extent. A 35 per cent re- 
placement was also desirable as it ap- 
proximated the maximum amount of 
fly ash generally used in concrete. To 
obtain the most dependable value for 
assessing the quality of each fly ash, it 
appeared desirable to average the results 
for the three cements used. This average 
of the strength ratios obtained for each 
fly ash at an age of 28 days with 35 per 
cent replacement of each of the three 
cements will be referred to in the re- 
mainder of this report as the ‘“‘pozzolanic 
strength index.” 

The pozzolanic strength indexes of 
the 33 fly ashes are plotted in Fig. 10 
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strength index generally indicates a 
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together with averages of the strength 
ratios obtained on the same mortars at 
91 and 365 days. The samples are ar- 
ranged from left to right in decreasing 
order of their pozzolanic strength index. 
If the average strength ratios for 91 or 
365 days were used for rating the fly 
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continued high level of strength develop- 
ment. To illustrate, the 13 fly ashes 
having pozzolanic strength indexes of 
70 or greater showed an average increase 
in strength ratio of 33.7 per cent from 
28 to 365 days whereas the 20 fly ashes 
having indexes of less than 70 showed 
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i20 As Doys — 
= Pozzolanic Strength Index 
100 
2 A by 
i 
40 
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” 8 3.5 172 167 4 121018 1 9 31 6 2419 26 2013 15 14 22 II 29 25 283432 27 23 33 21 
Fly Ash Number 


Fic. 10.—Development of Compressive Strength in Cement - Fly Ash Mortar for 33 Fly Ashes. 


Note.—Values plotted are the average of the compressive strength ratios obtained with a 35 per 
cent replacement of each of three cements in a 1 :2.75 mortar. 


ashes, it can be seen that the order for 
each age would be somewhat different 
from that shown. However, the 28-day 
results should have most significance 
regarding the use of fly ash in concrete 
for highways since this is the age at 
which final strength tests are custom- 
arily made and at which the concrete 
may be placed in service. It should be 
noted, moreover, that a high pozzolanic 


an average increase of only 25.4 per 
cent during the same period. All of the 
13 fly ashes in the group having the — 
higher pozzolanic strength indexes 
showed increases in strength ratio greater 
than 25.4 per cent, but only one fly ash 
of the lower index group had an increase 
in strength ratio of over 33.7 per cent. 
It appears that there is a marked differ- 
ence in quality between the two groups. — 
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RELATION BETWEEN FINENESS OF FLy than the 0.03-, 0.025-, 0.02-, and 0.01- 
ASH AND PoZzzOLANIC STRENGTH mm sizes. Correlation with the poz- 
INDEX zolanic strength index was found to be ir 


A high degree of fineness is generally est when the size finer than 0.03 mm . 
desired for any pozzolanic material used WS used, but became poorer with the u 
an admixture in concrete. The results Smaller sizes in the group. 
of the several fineness tests shown in 4 a 
- Table II are plotted against the poz- RELATION BETWEEN CARBON AND THE P 

PozzOLANIC STRENGTH INDEX 


_zolanic strength index in Fig. 11. No 
significant relation was found between Minnick (7) has shown that the 
the specific surface as determined by _ strengths of fly ash cement mortars are 


_ Fic. 11.—-Comparison Between Fineness of Fly Ash and Pozzolanic Strength Index. 
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the air permeability or hydrometer meth- adversely affected by fly ashes having 
ods and the pozzolanic strength index. high carbon contents. In general, the 
Even for fly ashes having low carbon data shown in Tables VI, VII, and VIII 
contents (5.0 per cent or less) no definite support these findings. A similar trend 
correlation was found between strength is evident in Fig. 12 in which the rela- 
and specific surface. The amount of tion between the pozzolanic strength 
material passing the No. 325 sieve, how- index and carbon content is shown. The 
ever, showed a reasonably definite rela- scattering of points in this figure indi- 
tion to the pozzolanic strength index. cates the effect of variables other than 
In view of the results obtained with the carbon. For example, fly ashes 21 and 
No. 325 sieve, data from the hydrometer 31 appear to have properties which cause 
determinations were used to obtain val- them to deviate significantly from the 
ues for amounts of each sample finer general trend. The rather low strength 
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On TESTING ASH 


index value of sample 21 may be partly 
attributed to an unusual coarseness of 
the fly ash and high water requirement 
of the mortar prepared with this mate- 
rial. Although sample 31 contained 13.6 
per cent carbon, its high fineness and 
low water requirement probably account 
for the high strength index. 

The effect of carbon content on the 
strength of mortar was investigated in 
a special series of tests in which five 
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Fic. 12.—Relation Between Carbon Content 
of Fly Ash and Pozzolanic Strength Index. 


selected fly ashes having carbon contents 
ranging from 0.2 to 14.3 per cent were 
tested before and after heating to a tem- 
perature of 550 C. This temperature is 
considered sufficient to remove all the 
carbon and, although some oxidation 
of ferrous iron to the ferric state may 
have occurred, it is believed that the 
pozzolanic properties of the inorganic 
portion of the fly ash were unaltered. 
Strength tests were conducted on 
control specimens prepared from a 1:2.75 
mortar and test specimens in which a 
portion of the cement was replaced with 
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fly ash by three different methods as 
follows: 

1. Thirty-five per cent of the solid 
volume of cement used in the control 
mortar was replaced by an equal volume 
of fly ash as received. 

2. Thirty-five per cent of the solid 
volume of cement used in the control 
mortar was replaced by an equal volume 
of ignited fly ash. This replacement 
resulted in more inorganic material being 
added to the mix than by the first 
method. 

3. Thirty-five per cent of the solid 
volume of cement used in the control 
mortar was replaced by a smaller volume 
of ignited fly ash equal to that of the 
inorganic portion of the fly ash added 
by the first method. The replacement 
in this case did not result in a 1:2.75 
mix but one in which the cement, sand, 
and inorganic constituents from the fly 
ash were the same as for the mortar in 
method 1. 

The water requirement and strength 
ratios for this series are shown in Ta- 
ble X. Included with this table is a sche- 
matic representation of the three meth- 
ods of replacement described above. The 
results obtained with fly ash No. 1 were 
essentially the same for the three meth- 
ods of replacement which indicates that 
the pozzolanic properties of this fly ash 
were not changed by ignition at 550 C. 
No effect would be expected to result 
from the removal of the 0.2 per cent 
carbon originally present in this sample. 
An explanation of the strength ratios 
obtained with fly ash No. 7 is not appar- 
ent. 

For the remaining three samples, the 
strength ratios were highest when re- 
placement was made by method 2 which 
provided the greatest amount of carbon- 
free fly ash, and lowest by method 1 
where carbon was present in the fly ash. 
The direct effect of the carbon is found 
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1182 BRINK AND HALSTEAD 
TABLE X.—EFFECT OF CARBON IN FLY ASH ON THE COMPRESSIVE 
STRENGTH OF CEMENT-FLY ASH MORTAR. 

Values are in per cent. 


Compressive Strength Ratio 
Method of Water 7 
Based on 1:2.75 Control Mortar at 
Replacing (Carbon Content) Requirement 
Fly Ash Identification Canon with of Fly Ash_ |Ratio, Based on 
Fly Ash* \Control Mortar 28 days 91 days 

1 0.2 84 89 108 

2 0.0 82 87 108 

3 0.0 83 86 104 
1 3.5 96 80 99 

2 0.0 86 74 85 

3 0.0 86 76 90 
1 5.0 100 66 76 

2 0.0 88 71 84 

3 0.0 88 68 83 
1 11.2 96 65 81 

2 0.0 86 85 106 

3 0.0 86 68 86 
1 14.3 104 57 69 

2 0.0 90 71 90 

3 0.0 90 61 75 


@ Method 1.—Thirty-five per cent of the solid volume of cement used in the control mortar re- 
placed by an equal volume of fly ash as received. 

Method 2.—Thirty-five per cent of the solid volume of cement used in the control mortar re- 
placed by an equal volume of fly ash after ignition at 550 C. 

Method 3.—Thirty-five per cent of the solid volume of cement used in the control mortar re- 
placed by an amount of ignited fly ash equal in volume to that of the inorganic portion of the fly 
ash used in Method 1. eae 

The effect of each method of replacement is illustrated below. 


Fly ash as re- Carbon Inorganic - 
ceived Inorganic fly ash Inorganic 35 per cent 
fly ash fly ash 
Cement Cement Cement 65 per cent 
i} 


Method 1 
@ 


by comparing the results obtained by 
methods 1 and 3 since the amount of the 
inorganic constituent is the same in 
either case. The slightly lower strengths 
obtained by method 1 where carbon 
was present can be attributed to the 
higher water requirements of these mor- 
tars. The higher strengths obtained by 
method 2 as compared to method 3 must 


Method 2 


Method 3 Volume of ce- 
trol mortar 


result from the greater quantity of car- 
bon-free ash added by that method since 
no carbon is present in either case. The 
range in strength ratio at 28 days from 
71 to 87 per cent which was found for 
the five fly ashes tested by method 2 
also indicate that essential differences 
exist between the fly ashes which cannot 
be attributed to their carbon content. 
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Average Woter Requirement Rotio, percent 


80 


Carbon Content, 
per cent 


Fly Ash Number 


These results indicate that the carbon 
in fly ash has at least two adverse effects 
on the strength of mortar. Some reduc- 
tion in strength occurs as a result of the 
increased water requirement of the mor- 
tar caused by the presence of carbon. 
A reduction in strength also appears to 
result from the fact that the amount of 
beneficial inorganic material added to 
the mix is reduced by the amount of 
carbon present. 


RELATION OF WATER REQUIREMENT 
TO PozzoLANIC STRENGTH INDEX 


In the preparation of the mortars for 
the compressive strength tests, it was 
found that the amount of water required 
for uniform consistency of cement-fly 
ash mortars was not constant. The effect 
of each fly ash on the water requirement 
of a 1:2.75 mortar is shown in Fig. 13, 
where the samples are arranged from 
left to right in increasing order of their 
carbon content. As stated before, the 
water requirement ratio is the amount 
of water used to prepare a mortar con- 


12345 6 7 8 9 10 tH 12 13 14 15 16 17 18 19 20 21 2223 24 25 26 27 28 29 31 32 33 34 
Fic. 13.—Water Requirement Ratios of 33 Fly Ashes. 


Note.—Average water requirement ratios are the averages of the ratios obtained with 35 per cent 
replacement of each of three cements in a 1 :2.75 mortar. 
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Average Water Requirement Ratio, per cent 
Fic. 14.—Relation Between Water Require- 
ment Strength of Cement - Fly Ash Mortar. 
Note: Values based on a 35 per cent replace- 
ment of each of three cements with fly ash in a 
1 :2.75 mortar. 
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taining fly ash expressed as a percentage 
of the amount of water used to prepare 
the corresponding control mortar. The 
ratios plotted are average values for the 
35 per cent replacement mortars pre- 
pared with all three cements. Some fly 
ashes which contained very little carbon 
improved the workability of the mortar 
to such an extent that less water was 
required for the mortar containing fly 
ash than for the control mortar. The 
quantities of water required for mortar 
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RELATION OF CHEMICAL CONSTITUTION 
TO PozzoOLANIC STRENGTH INDEX 


The pozzolanic strength indexes were 
plotted against the total amounts of 
each of the inorganic constituents pre- 
viously given in Table I. These include 
alumina, iron oxide, calcium oxide, mag- 
nesium oxide, sulfur trioxide, alkalis as 
equivalent sodium oxide, and silica. No 
indication of a definite relation was found 
in any of these plots. Even though no 
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Fic. 15.—Comparison Between Alkali or Silica Content of Fly Ash and Pozzolanic Strength Index. 


of uniform consistency generally in- 
creased with the carbon content of the 
fly ash, although the departures from 
this trend indicate that differences in 
physical characteristics also affect the 
water requirement as would be expected. 

The relation between the pozzolanic 
strength index and the water require- 
ment ratio is shown in Fig. 14 and ap- 
pears to be somewhat better than that 
obtained with either carbon content 
(Fig. 12) or fineness as determined by 
the No. 325 sieve (Fig. 11). This would 
appear to be logical, since both the car- 
bon content and fineness of fly ash tend 
to affect the amount of water needed for 
a uniform consistency of mortar. 


relations were found, plots of pozzolanic 
strength index against total alkalis as 
Na,O and silica are shown in Fig. 15 
because of the general interest in these 
constituents. 

Considering the general relation found 
between the alkali content of cement 
and mortar strength ratios at 28 days 
(Table IX) it might be thought that 
the alkalis in the fly ash would be a sig- 
nificant factor. Figure 15 shows that those 
fly ashes with the highest alkali content 
had high pozzolanic strength indexes, but 
for most of the materials the strength in- 
dex appears to be independent of the alkali 
content. The silica in fly ash is of interest 
as it might be expected from the defini- 
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tion of a pozzolanic material that this 
constituent would have some effect on 
the strength of mortar. It is possible that 
silica may influence the strength of mor- 
tar to some extent, but the scattered 
pattern obtained in Fig. 15 shows that 
there is no direct relation that applies 
generally to all fly ashes. 
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The effectiveness of 17 fly ashes in 
preventing or reducing the expansion 
resulting from the alkali-aggregate reac- 
tion was determined by measuring the 
change in length of 1 by 1 by 11}-in. 
mortar bar specimens stored in moist 
air at 100 F. Control specimens were 
prepared from a basic reactive mortar 


¢ 

7 TABLE XI.—EFFECT OF FLY ASH ON THE VOLUME CHANGE OF AN t 
ALKALI-REACTIVE MORTAR CONTAINING OPAL. 

Expansion of Mortar Bars Stored at 100 F.* 
Age of 1 Month Age of 1 Year 
Fly Ash Identification 
Amount of Cement Replaced by Fly Ash, per cent 
_=® 0 10 20 35 50 0 10 20 35 50 

ere 0.02 | 0.04 | 0.02 | 0.00 | 0.01 | 0.56 | 0.35 | 0.04 | 0.01 | 0.02 
sesh 0.14 | 0.12 | 0.00 | 0.01 | 0.00 | 0.52 | 0.43 | 0.09 | 0.00 | 0.00 
WS. SA Saab koe ere aan 0.12 | 0.07 | 0.02 | 0.00 | 0.00 | 0.53 | 0.39 | 0.09 | 0.01 | 0.01 
Ae weer eee 0.06 | 0.10 | 0.02 | 0.00 | 0.02 | 0.38 | 0.37 | 0.08 | 0.01 | 0.01 
BN eek wot wanes oun 0.06 | 0.12 | 0.02 | 0.01 | 0.02 | 0.41 | 0.40 | 0.11 | 0.02 | 0.02 
Serge 0.10 | 0.06 | 0.00 | 0.00 | 0.01 | 0.43 | 0.45 | 0.13 | 0.01 | 0.02 
0.09 | 0.08 | 0.02 | 0.02 | 0.02 | 0.39 | 0.40 | 0.12 | 0.02 | 0.01 
es idl done robes re 0.10 | 0.03 | 0.02 | 0.00 | 0.01 | 0.62 | 0.54 | 0.19 | 0.01 | 0.00 
0.05 | 0.10 0.01 | 0.00 | 0.02 | 0.63 | 0.48 | 0.20 | 0.00 | 0.02 
Ae rere 0.02 | 0.03 | 0.01 | 0.00 | 0.00 | 0.44 | 0.45 | 0.15 | 0.01 | 0.00 
BE IRS ose ncvSloueateas 0.08 | 0.05 | 0.00 | 0.00 | 0.00 | 0.50 | 0.47 | 0.17 | 0.02 | 0.01 
Be le ctia's wap wreyacone 0.11 | 0.12 | 0.02 | 0.01 | 0.01 | 0.46 | 0.46 | 0.18 | 0.01 | 0.01 
0.07 | 0.04 | 0.02 | 0.02 | 0.01 | 0.38 | 0.30 0.17 | 0.02 | 0.01 
0.02 | 0.07 0.02 | 0.01 | 0.02 | 0.54 | 0.55 | 0.27 | 0.02 | 0.03 
Sy Saye ee eae ae 0.04 | 0.12 | 0.02 | 0.02 | 0.02 | 0.40 | 0.54 | 0.25 | 0.03 | 0.02 
8 PS eee ee ate 0.09 0.10 0.02 0.01 | 0.02 | 0.45 | 0.49 | 0.30 | 0.04 | 0.01 
0.05 0.10 0.04 0.02 0.01 | 0.44 | 0.46 0.39 | 0.02 | 0.01 

Average............. | 0.07 | 0.08 | 0.02 | 0.01 | 0.01 | 0.48 | 0.44 | 0.17 | 0.02 | 0.01 


@ Specimens prepared with Cement A (equivalent NasO 


for two specimens. 


Use or FLy AsH TO PREVENT EXPAN- 
SION BY ALKALI-AGGREGATE 
REACTION 


One cause of failure in concrete is the 
expansion and cracking that may result 
from the attack of certain reactive silica 
constituents of the aggregate by the 
alkalis in the cement. It has been found 
that the destructive effects of this reac- 
tion can be prevented by the addition 
to the concrete of a very finely divided 
siliceous material which is itself reactive 
with the alkalisin cement. 


= 0.90 per cent). Each value is an average 


consisting of a 1:2 mix by weight using 
graded Ottawa sand containing 2 per 
cent of reactive opal passing the No. 8 
and retained on the No. 50 sieve. Each 
fly ash was used to replace 10, 20, 35, or 
50 per cent of the cement on a solid vol- 
ume basis. In all other respects the pro- 
cedure outlined in the test for Potential 
Alkali Reactivity of Cement-Aggregate 
Combinations” was followed. All cement- 

12 Tentative Method of Test for Potential 
Alkali Reactivity of Cement-Aggregate Com- 


binations (C 227-51 T), 1951 Supplement to 
Book of ASTM Standards, Part 3, p.13. 
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fly ash combinations with opal added 
were prepared with both cements A and 
B, which contained 0.90 and 0.13 per 
cent equivalent Na2O, respectively. In 
addition, specimens without opal were 
prepared with both cements and various 
percentages of each fly ash. 

All specimens prepared either without 
opal or with the low-alkali cement 
showed expansions of less than 0.05 per 
cent at an age of 1 yr and are not re- 
ported here. The expansion of mortars 


120 


3 Least Effective Fly Ashes 
4 


80 


- Avg. for All Fly Ashes 


| 
3 Most Effective 
Fly Ashes 


Without Fly Ash 


Expansion as Percentage of that for Mortar 


0 10 20 30 40 50 
Cement Repiccement by Fly Ash, percent 


Fic. 16.—Effect of Fly Ash on Expansion of 
Alkali-Reactive Mortar at Age of One Year. 


containing opal and prepared with ce- 
ment A (0.90 per cent alkali) are shown 
in Table XI for ages of 1 month and 1 yr. 
All specimens prepared with the same 
fly ash were made on the same day with 
a set of control specimens and were 
stored and tested together. Although 
the different sets of control specimens 
failed to develop the same amount of 
expansion, each set may be used to judge 
the effect of the single fly ash to which 
it applies. 

It is evident that any of the fly ashes 
tested will prevent the expansion caused 
by the alkali-aggregate reaction if suff- 
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cient quantity is used. At an age of 1 yr, 
for example, replacement of 35 or 50 
per cent of the cement by any of the fly 
ashes limited the change in volume to a 
maximum of 0.04 per cent which is com- 
parable with that shown by nonreactive 
mortars. All specimens have been meas- 
ured to an age of 2 yr but no significant 
increase in volume has occurred in those 
having a replacement of 35 or 50 per 
cent fly ash. Although a replacement of 
20 per cent of the cement by fly ash 
reduced the expansion at 1 yr it did not 
reduce it to a safe amount in all cases. 
The reduction effected by a 20 per cent 
replacement varied considerably for 
different fly ashes, indicating that they 
are not equally effective in preventing 
the expansion resulting from the alkali- 
aggregate reaction. This difference in 
effectiveness is illustrated in Fig. 16. 

For the particular reactive mortar 
used in these tests, a 10 per cent re- 
placement of cement with fly ash did 
not produce a substantial reduction in 
expansion and in some cases, the change 
in volume was increased. At an age of 
one year, specimens prepared with 7 of 
the 17 fly ashes in the 10 per cent re- 
placement group showed more expansion 
than the control specimens. 

It should be emphasized that the 
mortar tests upon which this discussion 
is based may not reflect the actual be- 
havior of materials when used in con- 
crete. At the present time, tests of mor- 
tar bars cannot be relied upon as 
substitutes for tests of concrete speci- 
mens to determine the amount of a par- 
ticular fly ash which must be used to 
prevent expansion in a reactive concrete. 


SPECIAL CHEMICAL STUDIES 


Since strength tests of mortar are 
time consuming, there has been con- 
siderable interest in the development 
of more rapid tests to measure the activ- 
ity of pozzolans. Most of these tests 
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TABLE XII.—ALKALINITY AND COMPOSITION OF WATER 
Be EXTRACTS OF FLY ASH. 
Values are in per cent (except pH) 
c ‘alculated Composition of Dissolved Material® Total Dissolved Material* 
Identifica ‘ion bed | | | Deter- Difference 
Extract CaSO.- mined (Determined 
2H. | Ca(OH): NaOH KOH Calculated) 
| | at 110 C) | Calculated) 
Paes Adie 11.8 | 3.66 | 1.22 0.23 0.06 5.17 5.16 | —0.01 — 
_ Ss ere, 11.7 | 3.02 | 0.65 | 0.34 | 0.07 | 4.08 | 4.08 0.00 “4 
a ae 11.7 | 4.41 0.18 0.45 0.11 5.15 5.19 0.04 
i eee 11.8 2.02 1.43 0.03 0.06 | 3.54 3.49 | —0.05 
ES ee 11.8 2.87 | 1.00 0.18 0.06 | 4.11 | 3.93 | —0.18 
| | 
| 11.8 3.12 1.44 0.06 0.06 | 4.68 4.55 —0.13 
Es See! | 11.0 2.18 0.13 0.05 0.10 2.46 2.54 0.08 
ee 11.7 1.75 0.18 0.08 | 0.06 2.07 2.14 0.07 | 
Sf ee 12.0 1.59 | 2.02 | 0.05 | 0.02 | 3.68 | 4.48 0.80 
12.3 2.97 3.80 | 0.04 0.05 | 6.86 6.65 | —0.21 
ee 10.6 | 0.95 | 0.15 0.03 0.02 | 1.15 1.30 ois 
SS eee 11.3 0.79 | 0.33 0.03 0.02 | 1.17 1.30 0.13 
Wa. 98. .......... 10.1 0.47 | 0.04 | 0.01 0.02 0.54 0.73 0.19 
i eee 12.0 1.13 1.25 | 0.08 0.02 2.48 2.94 0.46 
ae 11.9 1.29 1.66 | 0.04 0.02 3.01 3.15 0.14 
ee 12.3 2.68 | 4.48 | 0.04 0.02 7.22 7.15 | —0.07 
ait. chic 11.4 1.84 | 0.42 | 0.05 0.02 2.33 2.28 | —0.05 
11.3 0.97 | 0.30 | 0.04 0.05 1.36 |° 1.58 0.22 
i ees 9.9 0.64 0.03 0.03 | 0.04 | 0.74 0.77 0.03 
PR ckccasces 12.1 0.40 2.59 0.01 | 0.02 | 3.02 3.92 0.90 
| | 

11.3 0.47 | 0.46 0.03 0.04 1.00 1.22 
Oe ae 12.3 1.46 | 3.74 0.01 0.02 5.23 5.31 0.08 
12.0 2.42 2.92 0.04 | 0.02 | 5.40 5.34 —0.06 
ke 9.0 0.65 | 0.00 | 0.04 0.00 | 0.69 0.70 0.01 
ANE os ccennss 10.4 | 1.54 | 0.17 | 0.01 | 0.02 | 1.74 | 1.78 | 0.04 
ok. ETC 8.5 | 0.73 | 0.00 | 0.04 | 0.05 | 0.82 | 0.78 | —0.04 
SS ae 12.0 19 | 2.30 | 0.06 0.06 | 5.61 5.45 “0.16 
i a 9.3 0.64 0.00 0.03 0.02 | 0.69 0.75 0.06 
ee 11.1 1.04 | 0.41 0.03 | 0.01 | 1.49 1.62 0.13 
a ee 11.9 0.89 0.45 | 0.08 0.02 1.44 1.67 0.23 
eee 11.0 35 0.07 | 0.34 | 0.22 | 4.98 4.80 —0.18 
ee 10.8 43 0.12 0.03 0.02 0.60 0.68 0.08 
No. 33 10.0 2.81 0.17 0.03 0.06 3.07 3.12 0.05 
11.2 3.03 0.65 0.03 | 0.00 3.71 3.84 0.13 


@ Expressed as a percentage of the original weight of fly ash. 


have attempted to measure in some way 
special chemical properties of the poz- 
zolanic materials alone or the chemical 
changes occurring in mixtures of lime 
and pozzolans. In their paper on deter- 
mining pozzolanic activity, Moran and 
Gilliland (8) give a summary of most of 
these tests. They point out in summation 


that “a single short-time test will not 
evaluate pozzolanic activity, particu- 
larly when any one of several properties 
may be desired in a given material. It 
appears that each material requires 
rather exhaustive testing, after which 
it may be possible to empirically relate 
a quick test for control purposes.” The 


1187 
) | 
y ay 
- ‘ | 
t 
i 
} 
> | 
| 3 
t 
: 
| 
| 
| 
| 
bed | 
| 
| 
> 
q 


1188 


special chemical tests made in this in- 
vestigation were conducted with this 


TABLE XIII—THE DISTRIBUTION OF 
CALCIUM IN FLY ASH. 
Values are in per cent. 


Calcium as CaO from® 

= = | 
7.0] 2.1 | 1.2 | 0.9 | 0.9 
5.2} 1.5 | 1.0 | 0.5 | 0.5 
1.6 | 1.4 | 0.2 | 0.0 
5.2} 1.7 | 0.7 | 1.0 | 0.9 
No. 5.. 5.21 1.7 | 0.9 | 0.8 | 0.6 
No. 6 6.4) 2.1 1.0/1.1 | 0.8 
1.7, 0.8 0.7/0.1 | 0.2 
No. 8......... 4.5, 0.7 0.6 | 0.1 | 0.5 
7.8} 2.0; 0.5 | 1.5 | 1.6 
No. 10......... 8.3} 3.9 | 1.0 | 2.9 | 2.3 
1.8} 0.4 0.3 | 0.1 | 0.0 
No. 12......... 2.3) 0.5 | 0.3 | 0.2 | 0.1 
0.2 | 0.2 | 0.0 | 0.0 
No. 14 1.3 | 0.4! 0.9} 1.4 
Wa. 6.4, 1.7 | 1.3] 1.0 
11.6] 4.3 | 0.9 | 3.4 | 2.6 
4.3, 0.9 | 0.6 | 0.3 | 0.2 
No. 18......... 3.6 0.5 | 0.3 | 0.2 | 0.2 
No. 19......... 1.4, 0.2 0.2 | 0.0 | 0.0 
5.2] 2.1) 0.1 | 2.0} 1.5 
No. 21......... 1.60.5 0.1 | 0.4/0.3 
Ne. $3......... 7.6| 3.3 | 0.5 | 2.8 | 2.3 
3.0 | 0.8 | 2.2 | 1.6 
ae 1.5) 0.2 | 0.2 | 0.0 | 0.0 
No. 25......... 6.2) 0.6 | 0.5 | 0.1 | 0.0 
No. 26......... 1.2| 0.2 | 0.2 0.0 | 0.0 
6.8} 2.8 | 1.0 | 1.8} 1.0 
1.1) 0.2 | 0.2 | 0.0 | 0.0 
No. 29......... 3.2} 0.6 | 0.3 | 0.3 | 0.1 
12.0, 0.6 0.3 | 0.3 | 0.9 
No. 31 3.9) 1.5} 1.4| 0.1 | 0.0 
1.7/0.2 0.1 | 0.1 | 0.0 
1.8} 1.0 | 0.9) 0.1 | 0.0 
No. 34......... 3.5) 1.5 1.0 | 0.5 | 0.0 


“ Expressed as a percentage of the original 
weight of fly ash. 
> Determined by ASTM Method C 114 - 53. 


latter objective in mind. They were 
undertaken to supply a background of 
information for further work so that 
ultimately it might be possible to estab- 
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lish interrelations between various prop- 
erties and test results which would make 
possible more rapid methods of test. 

The special tests conducted on the 
fly ash itself involved chiefly the deter- 
mination of constituents soluble in water 
or sodium hydroxide and the changes 
in solubility resulting from reactions of 
lime and fly ash in the presence of water. 

Table XII shows the amount and cal- 
culated composition of the water-soluble 
material in each of the fly ashes. These 
data were obtained by shaking a 5-g 
sample of fly ash in 100 ml of distilled 
water for 1 hr, allowing the mixture to 
stand 24 hr and filtering the supernatant 
liquid without further dilution or wash- 
ing. The pH of this extract is also re- 
corded in Table XII. 

Chemical analyses were conducted 
on aliquots for the amounts of calcium, 
sodium, potassium, and sulfate. The 
total amount of dissolved material was 
also determined by evaporating the 
water from an aliquot and drying the 
residue at 110C. The composition of 
the dissolved salts was calculated by 
assuming that all of the sulfate was 
combined as gypsum (CaSQ,-2H,0). 
The balance of the calcium was then 
calculated calcium hydroxide 
(Ca(OH)2). The sodium and potassium 
were assumed to be present as the hy- 
droxides (NaOH or KOH). Generally 
there is good agreement between the 
total amount of soluble material and 
the total amount of calculated salts. 
This is an indication of the validity of 
the assumptions made in calculating 
the composition. 

The pH values of the extracts depend 
on the proportions of water and sample 
used in the test as well as the composi- 
tion of the dissolved material, and there 
is no direct relation between the quanti- 
tative amount of any particular con- 
stituent and the pH. Generally, the 
values obtained are those to be expected 
from a consideration of the calculated 
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amount of calcium hydroxide present. 
In Table XII, the pH value is relatively 
low for those extracts having no calcium 
hydroxide by calculation and high for 
those extracts in which the calculated 
calcium hydroxide is large. For all sam- 
ples that have a calculated lime content 
greater than 2.0 per cent, the pH of the 
extract was 12.0 or more. 

The data for the soluble salts in Table 
XII show that essentially all of the ex- 
tracted water-soluble material is either 
calcium sulfate or calcium hydroxide, 
the relative amounts of each varying 
greatly for different fly ashes. These 
data, however, do not indicate the state 
in which the soluble materials are pres- 
ent in the original fly ash. The calcium 
sulfate may be present in any of its three 
forms—anhydrous, hemihydrate, or di- 
hydrate—depending upon the conditions 
surrounding the fly ash during storage 
or handling. Likewise the calcium hy- 
droxide may be present as uncombined 
lime or may have formed from the hy- 
drolysis of lime-silica complexes after 
the addition of water. 

To verify the presence of uncombined 
lime in the fly ash prior to wetting with 
water, determinations were made by 
the alcohol-glycerol method, such as is 
used in the determination of free lime 
in portland cement.’* The results of 
these tests are given in Table XIII. 
Table XIII also includes the total 
amount of calcium that is present in 
the sample and the amount that is water 
soluble. The part oi the water-soluble 
calcium that is calcium hydroxide and 
the part that is calcium sulfate are also 
given. All these results are expressed 
in terms of an equivalent amount of 
calcium oxide to provide a common basis 
of comparison. It can be seen that for 
most of the samples the determined free 
lime is approximately the same as the 


13 Methods of Chemical Analysis of Portland 
Cement (C 114-53), 1955 Book of ASTM 
Standards, Part 3, p. 69. 
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calculated water-soluble calcium hy- 
droxide, thus indicating that the addition 


TABLE XIV.—REACTION OF FLY ASH 
WITH SODIUM HYDROXIDE SOLUTION.* 


Values are in per cent. 


c iar 

Fly Ash Sios! ALO 
Identification of Solution solved | solved | solved 
ee eee 42.6 | 0.45 | 0.10 | 2.38 
| 36.7 | 0.68 | 0.10 | 1.92 
42.1 | 0.49 | 0.10 | 2.48 
33.8 | 0.58 | 0.11 | 1.33 
a ee | 37.2 | 0.56 | 0.11 | 1.66 
ST | 46.1 | 0.71 | 0.06 | 1.92 
ee 29.3 | 1.39 | 0.07 | 0.93 
eee 30.0 | 0.50 | 0.14} 1.10 
37.5 | 0.36 | 0.17 | 1.21 
45.2 | 0.43 | 0.10 | 2.09 
28.7 | 2.59 | 0.06 | 0.47 
27.3 | 0.77 | 0.13 | 0.38 
22.5 | 1.74 | 0.08 | 0.22 
Si ee 29.0 | 0.51 | 0.16 | 0.80 
Se 33.8 | 0.76 | 0.09 | 0.91 
ae 38.1 | 0.26 | 0.41 | 1.58 
SE 38.7 | 0.27 | 0.25 | 0.95 
Se 23.9 | 0.29 | 0.34 | 0.49 
24.2 | 2.47 | 0.06 0.32 
Ma: OB... cscs 25.0 0.72 | 0.12 | 0.27 
ee | 22.2 | 2.26 | 0.06 | 0.22 
Ne. 8........ 35.7 | 0.84 | 0.08 | 0.86 
a ee 44.3 | 0.76 | 0.06 | 1.54 
No. 24........ 18.2 | 0.58 | 0.19 | 0.30 
No. 26.:...... | 41.4 | 0.96 | 0.05 | 0.76 
No. 26........ | 27.9 | 3.26 | 0.05 | 0.35 
| eee | 50.7 | 0.66 | 0.04 | 2.06 
No. 28........ | 31.5 | 3.32 | 0.05 | 0.35 
No. 20........ | 25.8 | 0.48 | 0.20 | 0.50 
(a | 28.7 | 1.04 | 0.08 | 0.70 
es 31.8 | 0.34 | 0.19 | 2.02 
18.2 | 0.83 | 0.14 | 0.17 
Nevee.....::- | $4.1 | 1.52 | 0.06 | 1.31 
i ae | 44.9 | 1.33 | 0.03 | 1.50 


“Fly ash treated with 1 N solution of so- 
dium hydroxide for 24 hr at 80 C ina sealed 
container. ASTM Method C 289-52T, ex- 
cept that a 12.5 g sample was used. 

> Expressed as a percentage of the original 
weight of fly ash. 


of water to fly ash does not result in the 
formation of calcium hydroxide by the 
hydrolysis of lime complexes. It will 
also be noted that a considerable portion 
of the calcium is not soluble in water 
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and, therefore, is probably present as a 
calcium glass. 

The data in Table XIV were obtained 
by making the test for reactivity of poz- 
zolans with sodium hydroxide solution 
as described in Appendix A of the report 
by Moran and Gilliland on determining 
pozzolanic activity (8). This test is an 
adaptation of a procedure now desig- 
nated as the ASTM Tentative Method 
of Test for Potential Reactivity of Ag- 
gregates (Chemical Method)." It in- 
volves treatment of the sample with 
1 N solution of sodium hydroxide in a 
sealed container at 80C for a 24-hr 
period. At the end of this period, the 
solution is filtered and the resulting 
filtrate examined. In the tests described 
by Moran and Gilliland only the reduc- 
tion in alkalinity (the amount of sodium 
hydroxide consumed by the reactions 
taking place) and the amount of silica 
dissolved were determined. In this in- 
vestigation the amounts of alumina and 
sulfate dissolved were also determined. 

This test was originally proposed for 
use on calcined shales. For this type of 
material it showed some promise in 
evaluating the ability of the pozzolan 
to prevent expansion resulting from 
the alkali-aggregate reaction. Conse- 
quently, consideration has been given 
to its application to fly ash. It was found 
however that the presence of calcium 
sulfate in a fly ash affects the results 
obtained by this test. When calcium 
sulfate dissolves, the calcium ion pre- 
cipitates much of the silica which might 
normally be soluble and remain in solu- 
tion if no calcium were present. The 
presence of dissolved calcium sulfate 
might also affect the reduction in alka- 
linity by causing a precipitation of cal- 
cium hydroxide from solution. The data 
in Table XIII illustrate these effects. 

4 Tentative Method of Test for Potential 


Reactivity of Aggregates (Chemical Method) 
(C 289 — 54 T) 1955 Book of ASTM Standards, 
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In most cases where the calcium sulfate 
dissolved is relatively high (as indicated 
by the amount of SO;), the amount of 
silica dissolved is low and the reduction 
in alkalinity is relatively high. It appears 
that the relation between soluble silica 
and reduction in alkalinity is controlled 
by the amount of calcium sulfate present 
as well as by the characteristics of the 
siliceous material. Values for reduction 
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Silica Dissolved by NaOH (| Normal), per cent 


Fic. 17.—Comparison Between Silica Dis- 
solved in NaOH Solution and _ Pozzolanic 
Strength Index. 


in alkalinity and amount of silica dis- 
solved which have been found suitable 
for acceptance requirements of other 
types of pozzolans may not be applicable 
to fly ashes. 

A plot of the pozzolanic strength index 
against the reduction in alkalinity failed 
to show any correlation. An apparent 
relation between the strength developed 
and the silica dissolved is shown in Fig. 
17, but this relation is the inverse of 
what might normally be expected, that 
is, that larger amounts of dissolved silica 
would result in greater pozzolanic activ- 
ity. As previously stated, the presence 
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TABLE XV.—SOLUBILITY OF ALKALIES IN WATER AFTER VARIOUS PERIODS 
OF AGING FLY ASH AND LIME SLURRIES. 


Values are in per cent. 


Sodium Oxide 


Potassium Oxide 


Equivalent Alkalies as Sodium Oxide 


Identification | Proportion Soluble at® Proportion Soluble at* | Proportion Soluble at® 
Total in, Soluble at 
7 28 91 7 28 o1 | Fly Ash” | 28 days 
days days | days days days days days days days 
No. 1.. 18 42 | 42 12 34 40 15 38 41 3.21 1.23 
No. 3..... | 19 35 | 46 12 30 | 42 | 16 | -33 44 3.55 1.16 
No. 3......; 25 | 43 | 41 13 33 | 37 | 20 39 39 3.55 1.38 
No. 4...... | 14 | 29 31 12 37 | 57 | 12 35 52 1.61 0.56 
 Micousls 19 42 | 45 12 39 | 47 | 15 40 46 2.79 1.13 
No. 6 | 92 | 44 | 50 | 18 49 66 | 19 47 | 62 1.82 0.86 
No. 7 20 40 | 40 | 14 48 59 15 46 55 1.78 0.82 
No. 8 13 31 | 37 10 | 34 41 11 33 | 39 2.64 0.88 
No. 9... 15 45 55 10 | 42 61 12 44 | 58 1.59 0.70 
No. 10.. 20 42 | 45 19 | 52 | 64 19 49 | 59 1.72 0.85 
No. 11 i | 42 | 3 | 10 | 48 | 52 | 10 | 46, 48 | 1.72 | 0.80 
No. 12 12 30 | 40 9 | 33 45 10 32 | 44 | 1.85 0.60 
No. 13 14 36 | 59 9 41 | 54 10 40 55 | 1.40 0.56 
No. 14.. 13 38 | 47 | 9 | 38 | 45 | 38 | 46 | 1.93 0.74 
No. 15...... | 13 | 45 | 68 | 10 | 45 | 70 | 12 45 | 69 1.67 0.75 
| | 
No. 16...... 13, 38 | 43! 9 | 39 | 45 11 39 | 45 2.38 0.92 
ee | 12 | 24 | 48 | 15 | 44 53 14 37 | 51 1.87 0.69 
No. 18......| 14 | 28 45 | 12 | 34 | 50 12 32 | 48 | 2.15 0.69 
No. 19...... | 8 | 36 | 56 9 | 46 | 66 9 44 | 64 | 1.57 0.69 
No. 20...... 7 | 7 | | 7 | 32 | 49 7 | 31 | 50 | 1.78 | 0.55 
| | | | 
No. 21 | 8 | 27 | 37 8 | 37 | 46 8 | 35 | 44 | 2.29 | 0.7 
No. 22. 25 28 50 10 43 59 13 40 57 | 1.62 0.64 
No. 23...... 13 33 60 9 36 65 11 35 63 1.77 0.62 
No. 24...... 13 | 30 42 10 | 34 46 | 11 32 44 1.60 | 0.52 
No. 25...... | 16 | 34 | 47 | 20 | 47 | 56 | 19 | 45 | 1.64° | 0.74 
No. 26......| 12 | 33 | 52 | 9 | 42 | 64 | 10 | 40 | 60 | 1.97 | 0.78 
Mae...... 21 | 48 | 48 | 22 | 60 | 63 | 22 | 56 | 59 | 1.76 | 0.98 
No. 28...... 12 | 36 50 | 10 44 57 11 52 | 55 1.85 0.97 
No. 29......| 30 38 62 | 7 25 | 39 | 15 29 | 47 1.84 0.53 
No. 30...... | 18 37 37 | 16 | 44 | 38 | 17 38 | 37 1.94 | 0.74 
| 
re | 24 46 55 12 | 37 | 48 | 16 | 41 | 50 3.11 | 1.26 
No. 32 9 | 34 | 41 8 | 36 | 48 8 | 35 | 46 | 1.7 0.63 
No. 33...... 20 48 64 12 | 51 | 63 14 50 63 | 1.39 | 0.70 
No. 34...... 14 | 46 | 54 | 13 | 51 | 59 | 13 | 49 | 58 | 1.88 | 0.92 
@ Expressed as a percentage of the amount of the constituent present in the original fly 


(Table I). 


+ Expressed as a percentage of the original weight of fly ash. 
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Values are in per cent. 


TABLE XVI.—SILICA DISSOLVED FROM FLY ASH AFTER VARIOUS PERIODS © 
OF AGING FLY ASH AND LIME SLURRIES. 


Acid Soluble at* Alkali-Acid Soluble at” 
Identification 7 

. 7 days 28 days 91 days 7 days 28 days 91 days 
0.44 0.74 0.44 1.68 2.40 
0.41 0.57 0.41 2.03 1.56 
0.37 0.62 0.38 1.77 .60 “ 
a 0.38 0.63 0.40 0.7 1.93 
0.35 0.55 0.34 1.21 | 1.71 
cd 0.32 0.77 0.39 2.07 | 2.38 
0.85 0.47 0.47 1.84 | 2.45 
eae 0.40 0.58 0.44 1.38 | 1.69 
0.36 0.68 0.42 1.25 | 1.86 
0.41 0.70 1.07 0.72 2.59 0.92 
No. 0.40 0.73 0.97 1.50 2.15 
0.40 | 0.79 1.00 1.54 | 2.64 0.95 
0.42 0.64 0.99 2.06 2.60 1.33 
0.41 0.39 0.64 | 1.78 2.57 1.14 
0.37 | 0.34 0.49 0.87 | 2.26 
0.40 0.30 0.59 1.00 2.22 1.76 
No. 23.........-.c0ee0ee 0.40 0.36 0.63 0.90 1.45 1.87 
No. 24.................. 0.44 0.30 0.57 1.11 1.32 0.88 
0.44 0.32 0.53 1.53 1.85 1.32 
0.43 0.33 0.50 1.41 2.17 1.32 
0.38 0.33 0.53 1.38 1.97 1.19 
0.42 0.32 0.51 1.04 2.16 1.49 
0.44 | 0.42 0.51 1.63 1.96 0.95 
0.46 | 0.38 0.42 1.73 1.82 1.25 
ee ne 0.38 | 0.29 | 0.44 1.85 2.16 1.54 
ea 0.46 0.32 0.49 0.96 1.25 0.98 
0.42 0.30 0.48 0.85 1.53 0.80 
0.41 | 0.36 0.43 1.08 2.05 


Expressed as a percentage of the original weight of fly ash. 


are expressed as percentages of the original weight of fly ash. 


@ Amount dissolved by digesting the residue from water extraction in HCl (1:10) overnight. 


» Amount dissolved by digesting the residue from the acid treatment for 30 min on steam bath 
in 1 per cent NaOH solution. HCl added to make solution acid immediately before filtering. Results 
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TABLE XVII.—ALUMINA DISSOLVED FROM FLY ASH AFTER VARIOUS _ 
PERIODS OF AGING FLY ASH AND LIME SLURRIES. 
Values are in per cent. 


Acid Soluble at® Alkali-Acid Soluble at” 
Identification 

7 days 28 days 91 days 7 days 28 days 91 days 
errs 3.9 7.0 8.7 0.36 0.36 
3.9 7.8 9.4 0.48 0.53 
25 5.9 0.19 0.37 
2.0 5.7 6.9 0.28 0.36 
4.1 8.5 10.1 0.51 0.62 
2.9 6.2 7.8 0.29 0.29 | 
2.2 5.8 7.7 0.26 0.35 |... 
3.0 7.3 9.9 0.32 0.38 | 0.24 
2.2 5.6 0.19 0.38 | 0.25 
4.1 7.5 9.5 0.30 0.236 | 6:27 
eee 5.2 9.4 11.0 0.43 0.44 0.38 
4.9 9.5 12.3 0.51 0.47 0.3 
4.9 9.9 13.0 0.45 0.53 0.36 
Se 1.9 5.4 7.4 0.12 0.32 0.23 
1.9 5.1 8.2 0.15 0.25 | 0.16 
1.5 4.6 6.5 0.18 0.36 | 0.32 
2.1 5.3 0.20 0.16 
2.1 4.8 7.4 0.16 0.21 | 0.27 
3.2 6.9 9.9 0.36 0.23 | 0.25 
6.1 7.6 0.38 0.31 0.29 
2.0 5.3 7.3 0.35 0.32 | 0.31 
2.7 6.0 7.2 0.35 0.28 | 0.26 
eee 2.0 5.4 7.4 0.20 0.28 0.31 
4.0 7.5 11.2 0.44 0.44 0.32 
3.6 5.0 5.5 0.15 0.15 | 0.20 
S 3.6 7.2 9.5 0.45 0.41 | 0.38 
7 ee 2.3 5.7 8.2 0.19 0.19 | 0.21 
2.0 5.3 7.8 | 0.21 0.21 0.11 
ea are 3.0 | 6.2 7.9 | 0.32 0.27 | 0.19 


@ Amount dissolved by digesting the residue from water extraction in HCl (1:10) overnight. 
Expressed as a percentage of the original weight of fly ash. 

+’ Amount dissolved by digesting the residue from the acid treatment for 30 min on steam bath 
in 1 per cent NaOH solution. HCl added to make solution acid immediately before filtering. Results 
are expressed as percentages of the original weight of fly ash. cS 
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TABLE XVIII.—IRON OXIDE DISSOLVED FROM FLY ASH AFTER VARIOUS 
PERIODS OF AGING FLY ASH AND LIME SLURRIES. 
Values are in per cent. 


Acid Soluble at® Alkali-Acid Soluble at® 
Identification 


7 days | 28 days 91 days 7 days 28 days 91 days 
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* Amount dissolved by digesting the residue from water extraction in HCl (1:10) overnight. 
Expressed as a percentage of the original weight of fly ash. 

> Amount dissolved by digesting the residue from the acid treatment for 30 min on steam bath 
in 1 per cent NaOH solution. HCl added to make solution acid immediately before filtering. Results 
are expressed as percentages of the original weight of fly ash. _ Be 
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of calcium sulfate controls to a con- 
siderable extent the amount of silica 
remaining in solution. For this reason 
no particular significance can be attached 
to this apparent relation. 

The amount of Al,O; dissolved varied 
from 0.03 to 0.41 per cent, the median 
being 0.1 per cent. No significance could 
be attached to the variations in these 
values. 

The data given in Tables XV through 
XVIII were obtained by analysis of a 
slurry of fly ash, lime, and water that 
had been stored in an oven at 100 F for 
periods of 7, 28, and 91 days. The pro- 
cedure used for the preparation and 
storage of the slurries was essentially 
the same as that given for the determina- 
tion of “available alkalis” in the Tenta- 
tive Methods of Sampling and Testing 
Fly Ash for Use as an Admixture in 
Portland-Cement Concrete.!® This test 
has been proposed as a relative measure 
of the amounts of alkalis from the fly 
ash that are made available for reaction 
with any reactive aggregate that may 
be present in the concrete. For this study 
tests were made on slurries at ages of 7 
and 91 days as well as the 28 days called 
for in the ASTM method. Some varia- 
tion in technique from the ASTM 
method was found necessary to insure 
better control of test conditions, and 
the details of the test procedure used 
for this investigation are given in Ap- 
pendix I (Procedure 2). 

Table XV_ shows the _ individual 
amounts of sodium and potassium oxides 
that were extracted with water after 
each test period and the total of these 
two expressed as an equivalent amount 
of sodium oxide. Each result is expressed 
as a percentage of the total amount of 
the constituent present in each fly ash. 
The total amounts of alkalis present in 


15 Tentative Methods of Sampling and Test- 
ing Fly Ash for Use as an Admixture in Portland 
Cement Concrete (C 311 - 54 T), 1955 Book of 
ASTM Standards, Part 3, p. 1332. 
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each sample and the alkalis soluble at 
28 days expressed as percentages of the 
original weight of fly ash are also given. 
These results invariably show considera- 
ble increase in the solubility of alkali 
between 7 and 28 days, but the results 
for the 91-day period differ with the 
samples tested. Some show little or no 
further increase but others show a 
marked increase in the alkali dissolved. 
This increase was as much as 28 per cent 
of the equivalent (total) alkali in the 
case of sample 23. The increase was 
greater than 10 per cent in 18 of the 34 
samples. It is evident that storage of 
lime - fly ash slurry for 28 days does not 
yield a result for soluble alkalis that can 
be related to the ultimate solubility of 
the alkalis in lime solution. 

In order to obtain additional informa- 
tion of the chemical changes taking place 
in intimate mixtures of fly ash and lime 
in the presence of water, the residues 
after the extraction of the alkalis were 
digested in dilute hydrochloric acid 
(1:10). The acid solution was filtered 
off and the residue from this treatment 
digested in sodium hydroxide (1 per 
cent). This was then filtered. Each of 
the filtrates thus obtained were exam- 
ined for the amounts of silica, alumina, 
and iron oxide present. The details of 
the procedure used are described in Ap- 
pendix I (Procedure 2). These results are 
shown in Tables XVI, XVII, and XVIII, 
respectively. 

Because of the exploratory nature of 
these tests, relatively large experimental 
errors are likely, but the results are of 
interest because they show that the 
solubility of the alumina (Table XVII) 
was increased to a much greater extent 
during the period covered by the tests 
than was the solubility of the silica (Ta- 
ble XVI). Table XVI shows that for 
some samples there is a general trend 
toward larger amounts of acid-soluble 
silica being present for the longer period 
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of storage, but the results are erratic. 
In all cases only a small fraction of the 
total amount of silica present was soluble 
in acid. The change with age in the acid 
solubility of the alumina shown in Table 
XVII is considerable. The acid-soluble 
alumina at 7 days is in the range of 2 
to 4 per cent for most samples, but at 
91 days this range is 7 to 10 per cent. 
Generally, the increase in the solubility 
of the alumina between 7 and 91 days 
represented from 20 to 30 per cent of 
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4cid-Soluble Alumina, per cent 


Fic. 18.—Comparison Between Acid-Soluble 
Alumina After Storage in Lime Solution for 91 
Days and Pozzolanic Strength Index. 


the total alumina in the sample. The 
solubility of the iron oxide shown in 
Table XVIII shows somewhat the same 
trend as shown by that of the alumina 
but to a lesser degree. 

Because of the considerable increase 
with time in the solubility of alumina 
in the presence of lime and water, the 
relation of this acid-soluble alumina to 
the pozzolanic strength index is of in- 
terest (Fig. 18). There is a general trend 
toward higher strength ratios for larger 
amounts of acid-soluble alumina, but 
it is also apparent that samples having 
widely different amounts of acid-soluble 
alumina have essentially the same 
strength index. Although the reactivity 
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of the alumina may be a factor in the 
development of strength, other factors 
must exert a greater influence. 

The amounts of alkali-soluble materia! 
shown in Tables XVI, XVII, and XVIII 
have little significance. This alkali di- 
gestion was made primarily to determine 
whether significant changes occurred in 
the amount of amorphous silica present 
in the fly ash during reaction with lime. 
The test procedure was based on the 
assumption that only this form of silica 
would be insoluble in the acid treatment 
and soluble in the alkali solution. How- 
ever, the glassy constituents of the fly 
ash were evidently decomposed to some 
extent by the conditions of the test and 
no definite trend could be established. 


Lime - TESTS FOR MEASURING 
PozzoLANic ACTIVITY 


The development of strength as a 
result of pozzolanic action requires that 
lime be available for reaction with the 
active constituent of a pozzolanic mate- 
rial. Some of the earliest methods of 
evaluating pozzolanic activity included 
determination of the effect of the reaction 
taking place in pozzolan-lime mixtures. 
Data obtained using three such pro- 
cedures are shown in Table XIX. 

In one method, lime - fly ash mortar 
was cured at temperatures of 100 and 
130 F and the compressive strength 
determined at an age of 7 days. Details 
of this test as performed in this investi- 
gation are given in Procedure 3 of Ap- 
pendix I. Except for fly ash samples 
1, 2, and 3, higher strengths were ob- 
tained by curing the specimens at 130 F 
than at 100 F. The data show that the 
higher curing temperature is generally 
of marked benefit to the less active fly 
ashes. A comparison between the poz- 
zolanic strength index and the com- 
pressive strength of lime - fly ash mortar 
cured at 100 F failed to show any corre- 
lation. A reasonable relation between 
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the index and the strength of the lime - 
fly ash mortar cured at 130 F is shown 
in Fig. 19. However, the six fly ashes 


and 17 would have shown greater reac- 
tivity with lime if the test had been 
made under other conditions of storage 


TABLE XIX.—RESULTS OF LIME-FLY ASH TESTS FOR POZZOLANIC ACTIVITY. 


Compressive Strength at 7 days 
| of 1:2:9,Lime-Fly Ash Mortar, 
psi 


Time of setting of 1:4 Lime-Fly 


Ash Mixture, hr 


Lime Absorption at 
28 days Less that at 


Fly Ash Sheree on 7 days, CaO per 100 g 
of Fly Ash, g 
Cured at 100 F | Cured at 130 F Initial Final 
No. 1.. 670 580 140 313 2.25 
785 670 141 195 1.39 
925 920 52 120 1.98 
ete 175 445 234 258 0.90 
ig {rr 545 860 167 192 2.17 
445 935 235 322 3.11 
325 485 177 266 0.60 
385 445 90 168 -0.3 
175 520 120 195 0.20 
490 665 216 340 3.97 
115 510 119 293 —0.03 
Saat 195 445 118 315 2.31 
95 320 340 384 —0.17 
160 490 141 374 0.32 
115 485 142 194 1.49 
Se 235 660 119 143 1.96 
105 410 72 651 —0.04 
160 710 166 450 0.05 
65 535 507 555 0.00 
65 360 187 404 
80 280 260 527 1.68 
| 105 415 165 395 0.86 
| a 135 425 315 482 1.75 
100 440 170 315 —0.01 
210 440 139 420 3.47 
ae ate: 125 620 339 651 0.09 
277 455 355 479 6.06 
130 480 216 384 1.80 
105 355 118 315 —0.17 
515 650 180 215 0.01 
110 440 340 501 -0.28 
175 440 381 673 2.83° 


identified by number in Fig. 19 do not 
follow the general trend. Alexander (9) 
has indicated that lime mortar tests of 
pozzolanic materials conducted for a 
fixed period at constant temperature 
may not provide a proper measure of 
the reactivity of such materials. It is 
possible that fly ashes Nos. 4, 7, 8, 12, 


such as higher temperature or longer 
curing. 


The second method involved the de- 


termination of the time of setting of a 
lime-fly ash mixture. Moran and Gilli- 
land (8) described this method as devel- 
oped by Feret and used for evaluating 
pozzolanic materials other than fly ash. 
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The details of the test are given in Pro- 
cedure 4 of Appendix I. When the initial 
and final setting times shown in Table 
XIX are compared with the pozzolanic 
strength index, a general trend towards 
an inverse relationship is found, but 
the relation is not sufficiently definite to 
make the test of much value for deter- 
mining the quality of fly ash. 

Moran and Gilliland (8) also described 
a lime absorption test to measure the 
activity of a pozzolan. This test provides 
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Compressive Strength of Lime-Fly 
Ash Mortar, psi 
Fic. 19.—Relation Between Compressive 


Strength of Lime-Fly Ash Mortars and the Poz- 
zolanic Strength Index. 


Note.—Lime-fly ash mortar cured at 130 F. 


for the measurement of the amount of 
lime absorbed from a saturated lime 
solution over periods of time. The ab- 
sorption of lime was measured by the 
decrease in the amount of acid required 
to neutralize an aliquot of the solution. 
The difference between the amounts ab- 
sorbed at 7 days and 28 days was then 
taken as a measure of the pozzolanic 
activity of the material. The details of 
the test as performed in this investiga- 
tion are given in Procedure 5 of Appen- 
dix I. Moran and Gilliland showed good 
correlation between the results of this 


test and the strength of portland 
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cement-pozzolan mortars when the 
pozzolans were volcanic ash or pumice. 
The results obtained with this test on 
the fly ashes used in this investigation 
are shown in Table XIX. A comparison 
of these results with the pozzolanic 
strength indexes failed to show any cor- 
relation. For a number of samples, nega- 
tive values were obtained. This is not 
surprising as it was shown in the tests of 
lime-fly ash slurries that the alkalis in 
fly ash are slowly soluble in the presence 
of lime. Although the use of the 7-day 


TABLE XX.—RELATION BETWEEN 
LIMITING VALUES OF POZZOLANIC 
STRENGTH INDEX AND OTHER PRO- 
PERTIES OF FLY ASHES. 


Number of} = |S _ [Passing pn 
Meeting | |S 2d | Sieve, 
Indicated | [2.68 Mini- cent 
Limits | | mum, | 
2 & 3 per cent 
82 3.5} 4.1) 93.9 98 
eS 76 6.4, 6.9) 91.5 100 
= 70 6.9| 7.5) 88.9 101 
| a | 66 | 13.6 14.8 88.9 101 
ee | 60 | 13.6) 14.8) 75.8 109 
RS | 55 | 13.6) 14.8) 74.8 110 
ae | 50 | 15.6) 18.0) 74.8 125 
43 | 15.6) 18.0) 56.2 125 


result as the starting point would elimi- 
nate the effect of rapidly soluble con- 
stituents, the continued solubility of 
constituents in the fly ash after that 
time affects the equilibrium conditions 
with respect to lime and alkalis in solu- 
tion. This test is considered not applica- 
ble to fly ashes. 


SIGNIFICANCE OF TEST RESULTS WITH 
RESPECT TO SPECIFICATION REQUIRE- 
MENTS FOR FLy AsH 


The determinations made on fly ash 
in this study generally follow procedures 
used previously for testing either fly ash 
or other types of pozzolanic materials. 


The significance of each of these deter- 


* 


ne ~ 


mil 
fly 
of 
of 
the 
qu 
fly 
ob 
th 
of 
te 
m 
th 
al 
ra 
iy. fe 
4g o! 
L 
Pp 
. 
| 
ir 


minations for measuring the quality of 
fly ash has been assessed by comparison 
of the effects of fly ash on the strength 
of mortar. In the following discussion 
the test methods and specification re- 
quirements that are usually applied to 
fly ash are evaluated in view of the data 
obtained in this investigation. 

The results of these tests indicate 
that the effect of fly ash on the strength 
of mortar is related to the carbon con- 
tent of the fly ash, the fineness as deter- 
mined by use of the No. 325 sieve or 
the 0.03-mm size in the hydrometer 
analysis, and the water requirement 
ratio. The use of the No. 325 sieve is 
preferred over the hydrometer method 
for determination of fineness because 
of the relative simplicity of the method. 
Limiting values for these properties 
for fly ashes having various degrees of 
pozzolanic activity are shown in Table 
XX. This information can be used for 
making a quick evaluation of a fly ash 
in terms of its carbon content, loss on 
ignition, fineness, and water requirement 
ratio. The data in this table may also 
serve as a basis for preparing a specifica- 
tion for fly ash for use in concrete. 

Although the data in Table XX indi- 
cate that fly ashes of a selected quality 
as measured by the strength index will 
generally meet certain limits for carbon 
content, loss on ignition, fineness, and 
water requirement ratio, it should not 
be inferred that limits on these properties 
alone will always insure a particular 
level of pozzolanic activity. Since the 
relations existing between pozzolanic 
activity and these properties are not 
exact, some fly ashes may not be as active 
as an appraisal based on these properties 
would indicate. Fly ash No. 6, for ex- 
ample, with a loss on ignition of 4.1 per 
cent, 92.1 per cent passing the No. 325 
sieve, and a water requirement ratio of 
98 per cent, would be expected on the 
basis of Table XX to have a higher 
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strength index than 66 as shown in Fig. 
10. This shows that limits on these prop- 
erties of fly ash do not eliminate the 
need for a more positive test for poz- 
zolanic activity. 

Specifications for fly ash generally 
include some requirement based on a 
test for strength of mortar prepared 
with cement or lime in combination with 
fly ash. When the mortar is prepared 
with lime, a minimum strength is usually 
specified. When cement is used, the 
strength of mortar containing fly ash is 
required to be equal to or greater than 
a definite percentage of the strength of 
a control mortar not containing fly ash. 
Any type I cement of acceptable quality 
is generally permitted in these tests. It 
has been shown in this investigation 
that the strength ratio for a particular 
fly ash may vary considerably when 
determined with different cements. Con- 
sequently, when a minimum strength 
ratio is specified, consideration should 
be given to the cements to be used in 
the testing procedure. The most de- 
sirable procedure would be to use cement 
from a single source or, if this is not 
feasible, to use cements which have been 
found to produce comparable results 
in mortars containing fly ash. Further 
research on this problem is desirable to 
determine whether certain properties 
of cement can be used for selecting such 
cements. There is evidence, for example, 
that the alkali and tricalcium silicate 
contents of the cement may have an 
important bearing on its behavior with 
fly ash. 

The minimum strength ratio or poz- 
zolanic strength index which should be 
specified depends on factors not con- 
sidered in this study. The pozzolanic 
strength indexes of four fly ashes used 
in this series representing sources of 
fly ash which have given good results 
in concrete varies from 71 to 83. The 
feasibility of using fly ashes of poorer 
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quality will depend on such factors as 
the permissible reduction which can be 
tolerated in the 28-day strength of the 
concrete and the quality of fly ashes 
available in a particular locality. 

In the use of a lime - fly ash mortar 
for determining the pozzolanic activity 
of fiy ash, control of the uniformity of 
the lime does not appear to be difficult. 
However, the results of tests of fly ash 
with lime did not show as close a corre- 
lation with those in which cement was 
used as might be desired. This may have 
been due to the particular procedure 
followed in preparing the lime - fly ash 
mortars, and further work with this 
method may furnish better results. 

At present the fineness of fly ash is 
usually specified in terms of specific sur- 
face determined by the air permeability 
method. The results given in this study 
show that specific surface so determined 
has no relation to the effect of fly ash on 
the strength of mortar. This is in con- 
trast to the good correlation found with 
the amount passing the No. 325 sieve. 
The use of this sieve as a means for de- 
termining the fineness of fly ash appears 
to be desirable. 

Except for carbon, the variations in 
the total amounts of individual chemical 
constituents that are present in the sam- 
ples tested in this investigation had little 
or no relation to the pozzolanic activity 
of the fly ash. This does not necessarily 
mean that chemical constitution is not 
of importance but rather that the normal 
variation in composition of the different 
fly ashes is not sufficient to produce 
significant changes in pozzolanic activity. 
It is likely that availability for reaction 
or the physical state of the constituents 
control the activity of a fly ash to a much 
greater extent than the total amount of 
constituent present. For this reason 
specification requirements for chemical 
constituents other than carbon are neces- 
sary only to limit potentially deleterious 
constituents or to eliminate freak mate- 
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rials. For fly ash, these requirements are 
generally limited to the percentages of 
silica, magnesia, sulfur trioxide, and in 
special cases “available” alkalis. 

The present ASTM specification for 
fly ash’® includes a minimum require- 
ment for silica of 40 per cent. Of the fly 
ashes examined in this investigation, 
six would fail to meet this requirement. 
Three of these six have pozzolanic 
strength indexes greater than 70 per cent 
and appear satisfactory for use as ad- 
mixtures in concrete. In view of this, 
it is believed that a slightly lower mini- 
mum silica content may be tolerated. 
A value of 35 per cent is suggested as 
being suitable.” 

Limits for magnesia and sulfur trioxide 
are often included in a fly ash specifica- 
tion as a protection against possible 
deleterious effects in the concrete or 
mortar. This limit is usually 3 per cent 
in each case. The maximum magnesium 
oxide content found in any fly ash ex- 
amined was 2.7 per cent for sample 30, 
which was discarded for use in the mor- 
tar tests because of its coarseness and 
general unsuitability for use. The re- 
maining samples showed a maximum 
value of 1.4 per cent. Although a reten- 
tion of the limit on magnesium oxide to 
prevent the inclusion of unusual mate- 
rials is believed necessary, these results 
indicate that the magnesia content for 
most fly ashes is well below this limit. 
The sulfur trioxide content is a measure 
of the amount of sulfates present and 
varied from 0.2 to 2.8 per cent in the 
samples tested. A limit of 3 per cent 
for this material appears to be suitable. 

The alkalis present in a fly ash must 
be considered whenever the material 


16 Tentative Specification for Fly Ash for Use 
as an Admixture in Portland Cement Concrete 
(C 350 — 54 T), 1955 Book of ASTM Standards, 
Part 3, p. 1281. 

7 A recent revision to the ASTM Specifica- 
tion for fly ash has replaced the 40 per cent 
minimum for silica with 70 per cent minimum 
for the sum of the silica, alumina and iron ox- 
ide. 
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is used in concrete in which there is a 
possibility that reactive aggregate may 
be present. The ASTM specification for 
fly ash'® includes an optional clause 
which limits the “available” alkalis to 
1.5 per cent. As previously stated, these 
“available” alkalis are determined on a 
lime - fly ash slurry after storage at 
100 F for 28 days. All of the fly ashes 
included in this investigation meet this 
requirement, the largest amount of 
“available” alkalis being 1.38 per cent 
for sample 3. However, it was also shown 
that in many cases the alkalis continued 
to dissolve after the 28-day period. It 
is believed that additional studies should 
be made to show the correlation between 
the results of this test and the amounts 
of alkalis becoming soluble in an actual 
mortar or concrete and whether this 
continued solubility is of significance 
to the expansion resulting from the 
alkali-aggregate reaction. 


CONCLUSIONS 


The results of this investigation show 
that many factors affect the development 
of strength in a cement - fly ash mortar 
as a result of pozzolanic action. It was 
found that this action is influenced not 
only by the character of the fly ash but 
also by the properties of the cement. 
A general relation was found between 
pozzolanic activity and several other 
properties of fly ash. 

The following general 
appear to be justified: 

1. The effect on mortar strength of 
replacing part of the cement with fly 
ash varies with the cement used. 

2. Compressive strength tests con- 
ducted on cement - fly ash mortars at 
various ages and with different cement 
contents indicate that ultimately fly ash 
has the greatest proportional benefit in 
lean mixes, even though tests at 28 days 
generally show the reverse to be true. 

3. The carbon in fly ash lowers the 
strength of mortar because it increases 


conclusions 


the amount of water required to obtain 
a workable consistency, and reduces 
the amount of the pozzolanically active 
constituents of the fly ash. However, 
only a general relation between carbon 
content and mortar strength was found, 
since other properties of fly ash also 
affect the development of strength of 
mortar due to pozzolanic action. 

4. No relation was found between 
the strength of cement - fly ash mortars 
and fineness determined by the air per- 
meability method. 

5. In general, the strength of cement - 
fly ash mortars varied with the fineness 
of the fly ash as determined with the 
No. 325 sieve, the finer fly ashes being 
associated with the higher strengths. 

6. A general agreement was found 
between the effect of fly ash on the 
strength of mortar and the amount of 
water required to prepare the mortar. 
If the addition of fly ash required an 
increase in the amount of water needed 
to prepare mortar of a stated consist- 
ency, a decrease in the strength of the 
mortar resulted. 

7. No agreement was found between 
the amount of any single inorganic con- 
stituent in fly ash and the efficacy of the 
fly ash as a pozzolanic material. 

8. A method involving reaction of 
silica with sodium hydroxide has been 
used with some success for determining 
the quality of pozzolanic materials. This 
test was found to be not suitable for 
testing fly ash because the lime or cal- 
cium sulfate present in fly ash prevented 
the normal course of the reaction. 

9. A lime absorption test, involving 
reaction of fly ash in a lime solution, 
gave no reliable data for predicting the 
pozzolanic activity of fly ash. 

10. A test for the compressive strength 
of lime - fly ash mortars cured at a tem- 
perature of 130 F failed to give results 
agreeing satisfactorily with the strengths 
of cement - fly ash mortars. 

11. Fly ash will inhibit the volume 
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change caused by the alkali-aggregate 
reaction if used in sufficient amount. 
Because of variations in the behavior of 
different fly ashes, the amount to be 
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used with a reactive combination of 
materials should be determined by test- 
ing concrete composed of those materials 
and the particular fly ash in question. 
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APPENDIX I 


The following are general descriptions or details of testing procedures used in this investigation 
which were not included in the text but which may be of interest to those actively engaged in making 


similar studies. 


ProcepuRE 1.—METHODS OF 
4 CHEMICAL ANALYSIS . 4 

The oxide analyses, except for the alkalis, 
were conducted following the general 
methods outlined by Hillebrand, Lundell, 
Bright and Hoffman in their book, Applied 
Inorganic Analysis—2nd Edition, John 
Wiley & Sons, New York, using a sodium 
carbonate fusion. The alkalis were deter- 
mined by means of a flame photometer 
using the method outlined by Halstead and 
Chaiken in their report (10). 

Carbon was determined by weighing the 
CO. formed by ignition of the sample at 
950 C in a tube combustion furnace using 
oxygen. The total CO. absorbed was cor- 
rected for the amount resulting from car- 
bonates by determining the CO: released by 
hydrochloric acid in a separate determina- 
tion. 

The sulfates (as SO3) were determined in 
a portion of the sample dissolved in HCl 
(1:1) after 15 to 20 min. digestion at a near 
boiling temperature. 


PROCEDURE 2.—PREPARATION AND 


AsH SLURRIES 


The slurries were prepared as directed in 
the method for the determination of avail- 
able alkalis. 

The extraction of the water soluble 
alkalis and the analyses of the residues were 
conducted as follows: 

The liquid contents of the vial were 
transferred to a 250-ml beaker and the 
solid cake transferred to a mortar. The cake 
was ground with the addition of some water 
until a uniform slurry was formed and no 
large lumps remained. The slurry was then 


transferred to the same 250-ml beaker and 
sufficient water added to make the total 
volumn 100 ml. 

For most samples after 28 and 91 days, 
the solid cakes were so hard that the vial 
had to be broken and the glass carefully 
removed before grinding. The glass was 
scraped as thoroughly as possible to re- 
move the adhering fly ash and lime. 

After standing for 2 hr at room tempera- 
ture with frequent stirring, the slurry was 
filtered and the residue washed thoroughly 
with hot water (8 to 10 times). 

The filtrate was neutralized with HCl 
using 1 drop of phenolphthalein as indicator. 
It was then transferred to a 250-ml volu- 
metric flask and filled to the mark. This 
solution (or aliquot where necessary) was 
used to determine the amounts of sodium 
and potassium present by means of a flame 
photometer. 

The flame photometer was calibrated 
with neutral solutions of sodium and potas- 
sium chlorides. The necessary correction for 
lime was made by determining the average 
amount present in several representative 
samples and using a correction curve estab- 
lished on that basis. 

The residue from the water extraction 
was returned to the 250-ml beaker and 13 
ml of concentrated HCl and 87 ml of HO 
added. This amount was calculated to give 
a final concentration of free HCl equivalent 
to a dilution ratio of 1:10. 

The beaker and its contents were allowed 
to stand overnight after frequent stirring 
for the first several hours. The liquid was 
filtered into a 250-ml flask and the residue 
washed thoroughly with hot water. After 
the liquid had cooled the flask was filled to 
the mark and aliquots of this solution used 
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for the determination of the acid soluble 
constituents. 

The residue from the acid treatment was 
transferred to the 250-ml beaker and 100 
ml of hot 1 per cent solution of sodium hy- 
droxide added. It was then digested on a 
steam bath for 20 min; 5 ml of concentrated 
HCl was added to make the solution slightly 
acid and to dissolve any iron hydroxide or 
aluminum hydroxide which may have been 
released from glassy complexes by the 
alkali treatment. 

The solution was filtered into a 250-ml 
volumetric flask, and the residue washed 
thoroughly with hot water. After the filtrate 
had cooled the flask was filled to the mark 
and aliquots of this solution used for the 
determination of the constituents soluble 
in or “solubilized” by the alkali treatment. 

Photometric methods were used to deter- 
mine the amounts of dissolved constituents 
in each solution. Silica was determined by 
the molybdenum blue method, and iron 
and aluminum oxides determined with 
ferron. The procedures followed were es- 
sentially the same as described by Shapiro 
and Brannock in Circular 165 of the Geo- 
logical Survey, Rapid Analysis of Silicate 
Rocks, except for necessary modifications 
to adjust for acid concentration. 


PROCEDURE 3.—COMPRESSIVE STRENGTH 
oF Lime - Fry SPECIMENS 


The lime-fly ash mortar used for these 
specimens contained, by weight, one part 
hydrated lime, two parts fly ash and nine 
parts of graded Ottawa sand. Sufficient 
water was added to this mixture to produce 
a flow of 80 + 5 per cent when determined 
as prescribed in the ASTM Method of Test 
for Compressive Strength of Hydraulic 
Cement Mortars." The materials were 
mixed by hand in a 6-qt bowl. Sufficient 
mortar was prepared to fill two 1]-in. diam- 
eter cylindrical glass tubes 12 in. in length 
which had previously been sealed at the 
bottom. These tubes were filled in six equal 
layers, each layer being tamped 25 times 
with a metal tamper having a plane face 
1 in. in diameter. 

Immediately after molding, the specimens 
were sealed on the top with a rosin-paraffin 
mixture. After storage at 73 F for 24 hr, 
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one specimen was stored for 6 days at 100 F 
and one was stored at 130 F. Three hours 
before testing at 7 days, each specimen was 
cut into three equal cylinders, the glass 
stripped, and the cylinders capped with a 
sulfur capping compound. The capped speci- 
mens were kept in a moist condition at 73 F 
until tested in compression. 


PROCEDURE 4.—TIME OF SETTING OF 
- Fiy Asn SPECIMENS 


A paste consisting of one part of hydrated 
lime and four parts of fly ash by weight was 
prepared with sufficient water to produce a 
paste of normal consistency as determined 
by the Method of Test for Normal Con- 
sistency of Hydraulic Cement." This paste 
was placed in a cylindrical container of 
about 3-in. diameter, and covered with a 
layer of saturated lime water, which in turn 
was covered with a film of lubricating oil to 
prevent carbonization. 

At intermittent intervals, the pasie was 
tested by means of the Vicat needle to deter- 
mine when initial and final set occurred. 
Initial set was considered to have occurred 
when the 1 mm needle penetrated to 35 mm 
from the upper surface of the paste in 30 sec. 
When the needle showed no penetration of 
the surface of the paste, final set was con- 
cidered to have taken place. 


PROCEDURE 5.—LIME ABSORPTION TEST 


This test is intended to determine the 
capacity of a fly ash for reacting with lime 
in a lime water solution. The following proce- 
dure was used: 

A 1-g sample of fly ash was placed in a 
test tube to which was added 100 ml of a 
lime water solution of known concentration 
as determined by titration with a stand- 
ardized 0.04N hydrochloric acid solution. 
The test tube was sealed and agitated con- 
stantly by mechanical means until the date 
of test. At ages of 7 and 28 days, a 25 ml 
portion of the supernatant liquid was re- 
moved and immediately titrated with the 
0.04N hydrochloric acid solution. After 
the sample for test at an age of 7 days 


18 Method of Test for Normal Consistency 
of Hydraulic Cement (C 187 — 49), 1952 Book 


of ASTM Standards, Part 3, p. 152. —- 
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had been taken, the solution in the test 
tube was replenished with 25 ml of lime 
water of the same concentration as orig- 
inally used. 

The amount of lime absorbed by the fly 
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ash was determined by the change in alkalin- 
ity of the solution during each period of 
agitation as indicated by the amount of 
0.04N hydrochloric acid needed for 


titration. 


66 


The following discussion" is based on a 
number of published references and, while 
there is not always complete agreement on 
all details, it is believed that it represents 
generally the concensus of thought concern- 
ing the chemical constitution of the inorganic 
matter in coal and the changes which occur 
during combustion to form fly ash. 

The bulk of the inorganic material in 
coal is derived from detrital or adventitious 
matter which fills the fissures and cracks 
occurring in coal beds. This material con- 
sists mainly of silicates, sulfides, and carbon- 
ates. The siliceous matter is mostly shale 
and clay, kaolin being the most abundant 
mineral present. Smaller amounts of potash 
clays, micas, feldspars, and quartz may 
also be present. The shales are largely com- 
plex alumino-silicates in combination with 
small amounts of iron, calcium, sodium, and 
potassium. The sulfide minerals present are 
essentially in the form of pyrite (FeS2) end 
marcasite (FeS2). Calcite (CaCO;3) and 
siderite (FeCO;) make up the bulk of the 
carbonate minerals occurring in coal beds. 
It has been estimated that more than 90 
per cent of the mineral matter in coal con- 
sists of kaolin, calcite, pyrite, and clay. 

The grinding of pulverized fuel largely 
separates the coal from the associated 
minerals and even the minerals from each 
other into discrete particles. As the particles 
are burned in an air suspension, collisions 
are infrequent and the minerals are not 
again mixed. Thus, their residues appear 
separately in the fly ash. 

When bituminous coals are used as the 
pulverized fuel, the small particles of coal 
in suspension are heated rapidly. The 
particles soften and swell into multicellular 


19This discussion was prepared by B. Chai- 
ken, Chemist of the Physical Research Branch, 
Bureau of Public Roads. 
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te 

bubbles of coke, known as “cenospheres.” 
Some particles of bituminous coal may 
increase in volume by as much as 40 times 
shortly after entering the furnace, the 
average being about 11 times the original 
volume. The density of coal (1.3 to 1.7) 
is thereby decreased to approximately 0.12 
to 0.15 by cenosphere formation. Much of 
the inorganic matter in coal is finely divided. 
The swelling of the coal further separates 
and subdivides the ash into minute particles. 
As the cenospheres burn, numerous bits of 
mineral ash are released. 

The mineral matter undergoes consider- 
able decomposition and chemical change 
during combustion, and the _ chemical 
nature of the ash is quite different from that 
of the original mineral matter in coal 

Each of the three main minerals (kaolin, 
calcite, and pyrite) break down to their 
respective oxides at the temperature of the 
fuel bed (980 to 1650 C), but the resulting 
oxides usually have melting points above 
the combustion temperature. However, 
eutectic relationships are formed which 
result in fusion. 

In the flame, the shale and clay particles 
lose combined water and those particles 


which leave the flame prematurely do not — 


complete the processes of fusion or that of 
moisture evolution. 


These particles are 


white and rounded, the whiteness being due ' 


to cavities formerly occupied by steam. The 
particles which continue in the flame tend © 
to complete both processes particularly in 


relatively hot combustion chambers a4 


they form complex silicates that are color- 


less, solid spheres resembling glass. Various 


tints of color may be due to iron components 
in the shale. 

The pyrite (FeS:) is ignited to the 
state with the accompanying evolution “a 
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sulfur dioxide and sulfur trioxide (SOs). 
If the temperature is below 1000 C, ferric 
oxide (Fe:O3;) forms. However, the most 
likely situation is that ferroso-ferric oxide or 
magnetite (Fe;0,) is formed, since tempera- 
tures usually exceed 1000 C. This material 
is in the form of black rounded or spherical 
particles and are often mistaken for particles 
of carbon. These particles are highly mag- 
netic. 

The calcite, of course, breaks down tO 
calcium oxide and carbon dioxide during 


BRINK AND HALSTEAD 


ignition. Usually the bulk of free lime so 
produced combines with the sulfur dioxide 
and trioxide evolved from the pyrite to 
form calcium sulfate. Generally, the sulfur 
oxides are fixed as sulfates by any free 
particles of basic oxides. Free lime not so 
converted to sulfates will remain as calcium 
oxide or be converted to calcium hydroxide 
during storage. 

The unburned coal particles which rise 
to the stack will be found in the fly ash as 
large, gritty, porous, irregularly shaped 
particles of cindery coke. . 
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Mr. L. Joun Minnicx.'—The paper 
refers to a previous publication? which 
covered some work which was done 
by Sub-committee III-h of ASTM 
Committee C-9 on Concrete and Con- 
crete Aggregates* and by members of 
utilities who supplied most of the re- 
sults. It is gratifying to note that the 
conclusions reached by the present 
authors agree substantially with those 
presented in the other studies. 

I would like to present three points in 
connection with the paper. First, with 
respect to the water requirement studies, 
it is felt that this is a matter of consider- 
able importance and, as the authors 
point out, probably has as much or more 
bearing on the performance of fly ash in 
concrete than does the presence of 
residual carbon. Our investigations re- 
vealed that removing larger particles 
(which may or may not be rich in car- 
bon), such as those which are retained 
on a No. 200 sieve, apparently removes 
from the fly ash that material which 
tends to produce the higher water con- 
tent. Thus, tests run with the finer frac- 
tion material show that this fly ash has 
a lower water requirement. A few results 
given in the accompanying Table XXI 
show the improvement obtained. The 

1 Vice-President in charge of Research, G & 
W.H. Corson, Inc., Plymouth Meeting, Pa. 

?L. John Minnick, ‘‘Investigations Relating 
to the Use of Fly Ash as a Pozzolanic Material 
and as an Admixture in Portland Cement Con- 
crete,” Proceedings, Am. Soc. Testing Mats., 
Vol. 54; p. 1129 (1954). 


3On Methods of Testing and Specifications 
for Admixtures. 


- 


graph shown in the accompanying Fig. 
20 also indicates that there is a definite 
relationship between compressive 
strength and the water requirement. The 
plotted points include different fly ashes 
as well as various fractions of the indi- 
vidual samples. It is thus indicated that 
it may be possible to take fly ashes which 
are considered to be unsatisfactory for 
portland-cement concrete and convert 
them to materials that are acceptable. 

The second point relates to the chem- 
ical tests mentioned by Mr. Brink. The 
accompanying Tables XXII and XXIII 
show the results obtained from tests 
that have been run with additions of 
hydrated lime to portland-cement mor- 
tars and concrete. It has been found that 
with certain cements it is possible to 
introduce small amounts of hydrated 
lime and thereby improve the strength 
of the resulting concrete at early ages. 
The hydrated lime probably supple- 
ments the action developed by the release 
of the hydrated lime by the portland 
cement—some cements yielding more 
lime than others. The presence of sodium 
hydroxide, calcium sulfate, and other 
soluble materials also has a strong 
bearing on the performance of fly ash in 
concrete. 

The final point is in regard to the 
enthusiasm that these authors have for 
the use of fly ash. While it is agreed that 
fly ash is of considerable value in con- 
crete, we feel that a 334 or 50 per cent 
replacement of portland cement, es- 
pecially in applications involving high- 
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q TABLE XXI.—RELATIONSHIP BETWEEN SIEVED FRACTIONS OF FLY ASH AND 


PHYSICAL PROPERTIES OF CEMENT-FLY ASH MORTARS.* 


Fly Ash 
Sample 


Sample Description 


TABLE 


As received 
Passing No. 
Passing No. 
Retained on 


200 Sieve 
100 Sieve 


As received 
Passing No. 
Passing No. 
Retained on 


200 Sieve 
100 Sieve 
N 


As received 
Passing No. 
Retained on 


200 Sieve 
No. 


As received 


Passing No. 200 Sieve 


Retained on No. 200 Sieve 


‘No. 200 Sieve 


0. 200 Sieve 


200 Sieve 


ssiv 
Seaction Loss, Require- 
per cent per cent ment l 
7 days | 28 days 
100.0 3.14 | 112 84.5 94.9 
75.5 3.37 104 108.4 120.1 
89.4 3.74 
24.5 3.62 
100.0 23.60 123 76.0 83.0 
61.3 11.40 104 118.0 122.0 
86.8 19.40 110 96.0 104.0 
38.7 | 43.80 | 170 28.3 | 30.4 
100.0 8.50 98 129.0 149.0 
94.1 7.49 94 154.0 169.0 
5.9 24.97 ws 
100.0 8.42 108 80.6 100.0 
81.5 5.26 106 90.4 | 112. 
18.5 22.40 


XXII.—EFFECT OF 


ADDITION 
STRENGTH OF CEMENT - FLY 


OF 


@ Designed and tested in accordance with requirements of ASTM Method C 311.4 
+ Reported as per cent of control specimens which do not contain fly ash. 


HYDRATED LIME ON COMPRESSIVE 
ASH MORTARS. 


Compressive Strength, psi® 
Lime Addition by ° 
Dertiand Cement Fly Ash Sample® | weight of Fly Ash,4 
P per cent 
7 days 28 days 
5495 + 125 6789 + 37 

a 4488 + 222 6751 + 280 
2.0 5355 + 50 6864 + 286 
4053 + 76 6493 + 158 
2.0 4931 + 140 7526 + 214 
4963 + 207 7148 + 405 

No. 3 (2 tests) 
2.0 5418 + 256 7823 + 159 

5104 + 65 7112 + 3 
— f aii 5210 + 162 6976 + 193 
NO. 2.0 5221 + 40 6909 + 249 


Fly : 


© Fly ash: Sample 


Ash for Use as an 
Cement Concrete (C 311 - 54 T), 
ASTM Standards, Vol. 3, p. 1332. 


No. 2: 


Sample 


Sample No. 3: Low carbon, 


Sample 


No. 4: Medium carbon, 
4 High-calcium hydrated lime passing ASTM Specification C 
¢ Average of 3 tests. 
4 Tentativ e Methods of Sampling and Testing 

Admixture in Portland 

1955 Book of 


sonry 


Purposes 
ASTM Standards, 


207.5 


(C 
Vol. 


207 — 49), 
3, Pp. 


* Mix proportions: 1 part cement to 2.75 parts by weight of commercial mortar sand Gnene 
modulus = 2.79). Fly ash—25 per cent replacement of cement by absolute volume. 

» Pennsylvania Highway Dept. type C portland cement. Supplied from two different mills. — 
No. a: Low carbon, medium fineness 
High carbon, high fineness 
high fineness 
medium fineness 


5 Specification for Hydrated Lime for Ma- 
1955 Book of 


215. 
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TABLE XXIII.—EFFECT OF ADDITION OF HYDRATED LIME ON COMPRESSIVE 
STRENGTH OF FLY ASH CONCRETE.* 


Compressive Strength, psi? 
Sample Addition, | Lime Addition, 
per cu yd Ib per cu yd 
L 7 days 28 days 
None None 1760 = 20 3235 += 105 
200 None 1387 + 200 3130 + 365 
a 200 25 1775 + 71 3336 + 250 
200 50 1997 + 71 3656 + 109 
Portland cement 440 lb per cu yd 
Fine aggregate 1575 lb per cu yd : 
oe Coarse aggregate 1830 lb per cu yd 
ash mix 
~~ Portland cement 350 lb per cu yd 
; Fly ash 200 lb per cu yd 
i Fine aggregate 1475 lb per cu yd 
Coarse aggregate 1830 lb per cu yd 


Slump, approximately 6 in. 
Lime added to fly ash mix as straight addition. 
Portland cement—Pennsylvania Dept of Highways type ( 


pg Day 


a 


> 


i 


D | 
o| 


| 


Woter Requirement 


70. 80 90 100 NO 120. 130140 150. 160 170 © 
Compressive Strength of Mortar as per cent of Control 


Fic. 20.—Relationship Between Water Content of Cement-Fly Ash Mortar and Compressive 


Strength. 


way concrete, might easily be considered Mr. R. C. Mietenz.*—I should like to 

to be excessive. Retaining a reasonably ack three general questions: First, is 
, high cement factor seems more advisory, 
: although the fly ash content should also 

be ample. The proper design of concrete 

usually requires fly ash over and beyond mortar or concrete? 

that which is used merely to replace a Mr. W. J. Hatsteap (author).—We 


smaller amount of portland cement. compared the potassium oxide content, 


there any relationship between the 
potash content and any properties of the 


* Formerly, Head of Petrographic Labora- 5 well as the other chemical constitu- 


tory, Bureau of Reclamation, Denver, Colo. ents. with the strength index but found 
Currently, Director of Research, The Master as, 8 —. 


f Builders Co., Cleveland, Ohio. no significant relation. 
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Mr. MIELENZ.—Was there any rela- 
tion with the volume change (shrinkage) 
of mortar? 

Mr. BRINK.—We did not make mor- 
tar tests of that type. 

Mr. MIELENz.—Was there any cor- 
relation between the performance of the 
fly ash and the content of silica, alumina, 
and ferric oxide? These three components 
are combined in the latest draft of the 
specifications on natural pozzolan. 


DiscussION ON TESTING FLY ASH FOR USE IN CONCRETE 


and we studied the relations between the 
strengths at these ages and various 
properties of the cements. At an age of 
one year, there seemed to be some rela- 
tion between the C;S content of the 
cement and the strength developed. We 
have gone into detail on that subject in 
our paper. 

Mr. BryANT MATHER.’—In Fig. 11 of 
Messrs. Brink and Halstead’s paper four 
kinds of data on fineness of fly ash are 


° 
80 7 
° 
° ° 
° d 
° 
8 
60 


50 


40 


Strength Index, percent 


50 60 


Percent SiO, + 


70 80 90 


per cent No.325 


Fic. 21—Relation of Pozzolanic Strength Index to Silica Content Plus Fineness of Fly Ash. 


Mr. HAtsteEAp.—We did study the 
relation of the strength index to various 
combinations of silica and alumina but 
we did not include the iron oxide. We 
were unable to show any definite corre- 
lation. 

Mr. MIELENzZ.—Was any attempt 
made to correlate the activity of the 
cement-fly ash combinations with the 
C,S content of the portland cement? 

Mr. Brink.—The strength tests to 
which I referred were made up to an age 
of one year. Actually we made strength 
tests at 3, 7, 14, 28, 91, and 365 days 


plotted against pozzolanic strength in- 
dex. The authors state that only the 
amount of material passing the No. 325 
sieve showed a reasonably definite rela- 
tion to pozzolanic strength index. In Fig. 
15 of the same paper, silica content is 
plotted against pozzolanic strength in- 
dex and the authors state that no indica- 
tion of a definite relation was found in 
spite of the fact that it might be expected 
from the definition of a pozzolan that 


7 Engineer, Concrete Research, Concrete 
Division, Waterways Experiment Station, 
Corps of Engineers, U. S. Army, Jackson, Miss. 
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this “constituent”’ would have some effect 
on the strength of mortar. 

It is my belief that a large number of 
factors affect the actual degree to which 
a given quantity of pozzolan will con- 
tribute compressive strength in a given 
mortar at 28 days but that, other things 
being equal, the type and quantity of 
silica and the state of subdivision of the 
material will be most important. In tests 
of any single class of pozzolans, such as 
fly ash, it may be assumed that at least 
most of the silica is of the same type from 
sample to sample. It would therefore be 
expected that pozzolanic strength should 
correlate with some combined effect of 
silica content and fineness. Figure 21 
shows the relation between average 
pozzolanic strength index (taken from 
Fig. 10 of Messrs. Brink and Halstead’s 
paper) and the combined effect of silica 
content (taken from Table I) and per 
cent passing No. 325 sieve (taken from 
Table II of the same paper, respectively). 
Since silica content values are in the 
range 33 to 52 per cent and values for 
per cent passing No. 325 in the range 57 
to 99 per cent and since I expect that 
silica content might be expected to have 
a greater effect on strength than fineness, 
the parameter selected to represent the 
combined effect is: per cent SiO. + 3 per 
cent finer than No. 325. It appears from 
inspection that the relation shown in 
Fig. 21 is somewhat better than that 
shown in either Fig. 11 or Fig. 15 of 
Messrs. Brink and Halstead’s paper, for 
the two factors taken separately. 

Mrs. KATHARINE MATHER.5—The 
discussion in Appendix II of Messrs. 
Brink and Halstead’s paper is particu- 
larly interesting. Our studies of four 
samples of fly ash, partially reported in 
Tables XVI to XVIII of the paper by 
Minnick,’ revealed the presence of the fol- 


8 Chief, Petrography Section, Concrete Divi- 
sion, Waterways Experiment Station, Corps of 
Engineers, U. s. Army, Jackson, Miss. 


389 (1949). 


lowing crystalline constituents in all four: 
quartz, mullite, magnetite, and hematite. 
Mullite is apparently to be expected in 
many systems containing SiOz, Al.O; , 
and a third constituent. Mullite as a 
constituent of fly ash is mentioned by 
Eitel®’; it is the usual high-temperature 
product from kaolin, which, as the au- 
thors note, is the major clay mineral 
associated with American bituminous 
coals. Brownell'® indicates that K2SO, 
would be the sulfate formed until the 
K** ion was used up, then CaSO, would 
be formed until either the calcium ion or 
the sulfate ion were used up, and finally 
Na2SO, would form if there were re- 
maining sulfate ion. 

Messrs. R. H. BRINK AND W. J. HAL- 
STEAD (author’s closure)—We find the 
written discussions submitted by Messrs. 
Minnick and Mather and Mrs. Mather 
very interesting and are gratified that 
our data has prompted such comment 
and additional study. We feel that much 
of the value of our paper is to provide 
the type of basic information that will 
be useful in further research on fly ash. 

Mr. Minnick seems to have interpreted 
our replacement of 35 and 50 per cent of 
the cement with fly ash in mortar test 
specimens as an enthusiasm for the use 
of such large replacements in concrete 
for highways. The inclusion in our work 
of replacements as high as 50 per cent 
does not imply that we are recommend- 
ing the use of fly ash to such an extent 


in concrete, since the proper design of — 


concrete containing fly ash does not lie 
within the scope of this paper. However, 


we do believe that such large replace-— 


ments are useful for research purposes in 
order to accentuate the full effect of each 
9 Ww. Eitel, “The Physical Chemistry of the 


Silicates,’’ University of Chicago Press, p. 1133 
(1955). 


10W. E. Brownell, “Fundamental Factors 


Influencing Efflorescence of Clay Products,’ 
Journal, Am. Ceramic Soc., Vol. 32, ‘PP. 
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fly ash on the strength or other properties 
of mortar. 

We agree completely with Mr. Mather 
in the belief that a large number of fac- 
tors affect the degree to which a poz- 
zolanic material will contribute to com- 
pressive strength. We also agree that, 
“other things being equal,” the type and 
quantity of silica and the state of sub- 
division of the material will be important. 
However, we should keep in mind that 
for this investigation the fly ashes tested 
varied in other respects besides silica 


90 


@ 


« 


° 
° 
° 


Pozzolanic Strength index, percent 


20 30 40 50 
Silica X Amount Passing 
No. 325 Sieve, per cent 
Fic. 22.—Relation Between  Pozzolanic 
Strength Index and the Amount of Silica 
_ Passing the No. 325 Sieve. 


- combination of a large number of fac- 
tors. 

Although not reported in the paper, 
we made studies of a number of com- 
binations of silica, alumina, and fineness. 
_ These took into account molecular ratios, 
possible combinations in the end product, 
and the calculated amounts of various 
constituents passing the No. 325 sieve. 
None of these gave correlations that 
were considered to be significantly better 
_ than the correlation with fineness alone. 
It did not occur to us to consider the 


ness suggested by Mr. Mather (SiO. + 
3 the amount passing a No. 325 sieve) 
but we did study the correlation of 
strength with the product of the silica 
content and fineness. Unlike Mr. Ma- 
ther’s parameter, such a product has the 
virtue of quantitative significance in that 
it represents the amount of silica passing 
the No. 325 sieve if the assumption is 
made that the chemical composition of 
the fraction finer than this sieve is the 
same as that for the fraction retained. 
The plot of this product versus the poz- 
zolanic strength index, Fig. 22, is quite 
similar to that shown by Mr. Mather. 
The coefficients of correlation obtained 
between several of the parameters and 
strength are as follows: 


| 

Coefficient | Probable 

Parameter of Corre- | Error of 

lation, r | Coefficient 


Amount passing No. 325 

sieve, per cent.........| 0.86 +0.0304 
SiO, , per cent.......... 0.21 +0.1123 
SiO. + 44 amount passing 


No. 325, per cent....... 0.64 +0.0693 
+ amount passing 

No. 325, per cent....... | 0.85 +0.0321 
SiOo X amount passing | 

No. 325, per cent....... 0.75 + 0.0507 


Except when silica is considered alone, 
the values for coefficient of correlation 
would indicate that each of the remaining 
parameters have a highly significant 
correlation with strength. The possible 
combinations of silica and fineness which 
will yield coefficients of high significance 
are apparently unlimited and yet none 
were found to have better correlation 
with the strength index than the amount 
passing the No. 325 sieve alone. 

In connection with Appendix II of our 
paper, Mrs. Katharine Mather calls our 
attention to studies that show quartz, 
mullite, magnetite, and hematite as four 
crystalline constituents generally found 
in fly ash. Appendix II was presented as 


a general review of the literature for 


fate 
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and fineness and therefore ‘“‘other things” 

ur - were not equal. Any apparent correlation 
tah; or lack of correlation results from a 
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background information. The informa- 
tion available to us at the time was not 
precise concerning the constitution of 
the silicates formed; thus we merely 
referred to these as “complex silicates”’ 
and made no attempt to further define 
their mineralogical character. 

After the matter of the presence of 
mullite was called to our attention, X-ray 
diffraction patterns were made for fly 
ashes Nos. 1, 3, 6, 14, 29, and 31. The 
patterns for mullite along with those for 
quartz and magnetite were very definite 
for each of these samples. There was also 
some indication of the presence of 
hematite, but most of the iron was indi- 
cated to be magnetite. Therefore, this 
later work confirms the findings of Mrs. 
Mather and others. 

The work by Brownell’ quoted by 
Mrs. Mather might indicate that we 
should expect a large proportion of the 
sulfate to be present as potassium sulfate 
rather than calcium sulfate as shown in 
our Table X. However, the experimental 
data from which the results in this table 
were calculated positively indicate that 
no large amounts of alkali sulfates were 
present. The amounts of water-soluble 
potassium and sodium compounds are 
very small in comparison with the total 
amounts of these constituents present 
(Table I). It is recognized that the water- 
soluble sodium and potassium may have 
been actually present as sulfate rather 
than hydroxide as calculated, but the 
amounts of these alkalies are such that 
it makes no significant difference whether 
they are calculated as sulfate or hy- 
droxide. The X-ray diffraction patterns 
previously mentioned support the evi- 
dence obtained from the chemical analy- 
ses as the presence of the calcium sulfate 
lines were easily discernible for all the 
fly ashes examined except for samples 14 
and 29. It will be noted that the calcu- 
lated amounts of CaSO,-2H,O in these 
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two samples were about 1 per cent in 
each case, and therefore the failure to 
detect these small amounts is not sur- 
prising. 

It is also of interest to note that al- 
though Brownell" indicated the order of 
combination with sulfate to be potas- 
sium, sodium, and calcium respectively 
when all components were readily avail- 
able, his work with complex silicates 
such as shales showed that the alkalies so 
combined did not react extensively with 
sulfate during firing even at relatively 
high temperatures. Therefore, while it is 
likely that some of the alkali minerals of 
the coal ash are broken up during the 
burning, it is shown that the conditions 
are such that stable combinations with 
sulfate do not occur. 

Mr. C. E. Lovewe (by letter).'— 
Three or more years of testing 34 fly 
ashes as to chemical and physical char- 
acteristics serve as adequate background 
information for evaluating fly ash. The 
authors are to be commended for a thor- 
ough job well done. Of particular value 
is the conclusion that “the strength de- 
veloped in portland-cement - fly ash mor- 
tars is related to the carbon content of 
the fly ash, the fineness of fly ash as 
measured by the amount passing the 
No. 325 sieve, and the water required 
for mortars containing fly ash as com- 
pared with the water required for similar 
mortars without fly ash.”” We think these 
significant statements should help guide 
ASTM committees in future revisions of 
ASTM Specification C 350-54 T.! In our 
opinion, these simple tests have greater 
significance than some of the chemical 
limitations currently contained in that 
specification. As a matter of fact, the 


1 Sales Manager and Service Engineer, Chi- 
cago Fly Ash Co., Chicago, IIl. 

12 Tentative Specification for Fly Ash for Use 
as an Admixture in Portland Cement Concrete 


(C 350-54T), 1956 Book of ASTM Standards, 


Part 3, p. 1281. 
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proper ASTM committee now has under 
consideration a raise in allowable SO; 
content, based on tests made with fly 
ashes having a range in SO; content 
from 0.94 to 17 per cent. The present 
limit is 3 per cent. 

There also is much discussion in com- 
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mittee concerning elimination altogether 

of certain chemical limitations as having 

little significance in favor of the tests 

on loss on ignition, percentage passing 

the No. 325 sieve and comparative water 

demand. This paper has a wealth of in- 

formation to support such a position. 
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At least since the first patent on port- 
land cement, in 1824, the concept that 
the set of “green” concrete should not 
be disturbed has _ prevailed among 
engineers. No information is known to 
be available in technical publications 
that indicates investigation of this 
traditional opinion; and it is still largely 
held today that any disturbing of the 
initial hardening process of concrete is 
an unsound practice. The opinion is re- 
flected in such standard requirements as 
the limited period of time permissible 
between the mixing and placing of con- 
crete, and by the limiting of time be- 
tween pourings of successive batches. 

Yet, for years, some engineers have, 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Research Engineer and Resident Engineer 
respectively, Kentucky Department of High- 


ways, Frankfort, Ky. eo 


By D. H. SAwYER AND S. F. 
SYNOPSIS 


The study was designed to investigate the effects of delayed revibration on 
the physical properties of concrete. Samples of concrete, with and without 
air entrainment, were revibrated after delays ranging from 45 min to 6 hr; 
and properties of the concrete were compared afterwards. Comparisons were 
also made with the strengths obtained from standard methods of making and 
curing laboratory specimens without revibration. 

The test results indicate that strengihs are substantially increased by 
revibration after delays up to 5 hr for the air-entrained and 6 hr for the non-air- 
entrained concretes. The durability of the non-air-entrained concrete was criti- 
cally decreased by revibration, while that of the air-entrained was not signifi- 
cantly affected. Results ‘of permeability tests varied over such a wide range 
that the data from them could not be evaluated. 
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upon occasion, found it necessary to dis- 
turb the hardening process, often with 
no apparent detrimental effects upon the 
properties of the finished job. This has 
happened when the delivery of concrete 
to a partially complete pouring has been 
somehow delayed, thus presenting the 
problem of avoiding cold joints. In many 
such instances, the problem has been 
overcome by having workmen tamp and 
agitate the surface of the concrete, often 
for several hours, until the fresh concrete 
has arrived. The practice has often been 
quite successful, in direct contradiction 
to the traditional opinion concerning the 
hardening process. 

Also, the idea of intentionally disturb- 
ing the early hydration process of con- 
crete in actual practice is not altogether 
new. During World War II the ship- 
building industry used a revibration tech- 
nique to great advantage in obtaining 
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watertight concrete in the building of 
concrete tankers and drydocks. The tech- 
nique was adopted in order to release the 
water which is generally trapped be- 
neath horizontal reinforcing bars; and 
not only was this achieved by the dis- 
turbance of the hydration process, but 
also many of the properties of the con- 
crete appeared to be actually improved 
by the revibration. 

Finally, the Bureau of Reclamation, 
in the Sixth Edition of its Concrete 
Manual, states that ‘‘Revibration has 
been found to be beneficial rather than 
detrimental, provided that the concrete 
is again brought to a plastic condition.” 
The manual further states that ‘“Revi- 
bration may be accomplished by im- 
mersion-type vibrators, by form vibra- 
tion, or by transmittal of vibration 
through the reinforcement system.” 

In the light of the apparent contradic- 
tion between general traditional opinion 
and the above-mentioned exceptions to 
that opinion, and considering the poten- 
tialities involved in the possible evolu- 
tion of a revibration technique, the 
Research Division of the Kentucky De- 
partment of Highways undertook a series 
of controlled experiments with the intent 
of determining the effects of revibration 
on the properties of portland-cement 
concrete. The intent of the study was not 
so much to consider variation in mix de- 
signs, water-cement ratios, and the like, 
but to discover the extent to which the 
hydration process in a given mix design 
could be interrupted to advantage, or at 
least without undue concern. 

The observations to be reported in 
this paper were made on a single mix 
design, both with and without air en- 
trainment. Samples of a 6-bag non-air- 
entrained concrete mix were given nor- 
mal vibration at the initial casting and 
then revibrated after progressively 
greater delays—in intervals in multiples 
of 45 min—up to and including 6 hr 
after the initial vibration, after which 
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delay it was found no longer feasible to 
revibrate. Samples of a 6-bag air-en- 
trained mix were treated in the same 
manner, except that it was found no 
longer feasible to revibrate them after 
delays greater than 5} hr, primarily be- 
cause of the decrease in water content 
consequent from air entrainment. 

The two control groups of specimens 
were used in order to permit adequate 
comparison with traditional techniques: 
samples compacted by hand rodding, 
and samples undergoing only an initial 
vibrating process. All specimens were 
given parallel tests; the data were re- 
corded and then tabulated. 

Later investigations were begun in 
order to develop data on a 4.5-bag mix 
and on specimens with a retardant used 
to delay the setting time, thus permitting 
revibration after delays up to 16 hr 
after casting. Most of the tests in this 
latter series have been made; but, un- 
fortunately, they will not have been 
carried to completion in time for inclu- 
sion in this paper. 


MATERIALS 


The conditions of tests and properties 
of the individual materials used were 
assumed to be constant throughout the 
entire investigation. The cement was 
regular portland (type I), purchased in 
bags received in local shipments at vari- 
ous intervals during the investigation. 
Air entrainment in certain mixes was 
obtained by the admixture of commer- 
cial NVX. 

Laboratory and field performance 
records for the limestone coarse aggre- 
gate (local source) used in all mixes have 
shown that the durability characteristics 
of this material are excellent. The fine 
aggregate used—a material dredged from 
the Ohio River, near Louisville—was also 
considered of satisfactory quality. Physi- 
cal properties of these aggregates and the 
required gradations were as noted in 
Table I. 
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TABLE I.—PHYSICAL PROPERTIES 
OF AGGREGATES 


LIMESTONE CoARSE AGGREGATE 


Bulk (saturated surface dry) sp gr...... 2.74 
Absorption, DOF COME: 0.50 
Los Angeles abrasion, per cent......... 26.0 
Soundness, NaeSO,, per cent.......... 3.0 


Sieve Per Cent Passing 


FINE AGGREGATE 


Bulk (saturated surface dry) sp gr...... 2.66 


Sieve Per Cent Passing 


No. 100 0-5 
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rgoing Revibration in Cylinder Molds After a Delay of 5} hr. 


TESTING PROCEDURES 


Methods of proportioning materials, 
mixing, curing and testing of the con- 
crete were sufficiently related to current 
accepted practices that they need not 
be discussed in detail. 

All concrete was mixed in a small 
pan mixer of 2.0 cu ft capacity and cast 
into 6 by 12-in. cyclinders and 3 by 5 by 
20-in. beams. Specimens were cured 
under standard moist room conditions 
until the specified test age. Mix propor- 
tions were obtained by the solid volume 
method, using appropriate b/bo factors. 
This method suggests certain empirical 
relationships between the quantity b/d 
and the fineness modulus of the sand and 
size of the coarse aggregate used. 

Specimens for compressive and flexural 
strength testing were tested at ages of 
7, 28, and 90 days. Corresponding dura- 
bility specimens were permitted to cure 
14 days in a moist room prior to begin- 
ning the freezing-and-thawing _ test. 


Three specimens were made for each set 
of test conditions. 


Specimens were > Seviiael by Inserting the Vibrator for 4 to 40 sec at each of Three Locations 


Depending upon Interval of Delay. 
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Fic. 2. in a Three- Mold. 


The Upper Photograph Shows the Specimens Being Subjected to Revibration After a 4 hr In- 
terval; the Lower Shows the Same Specimens Immediately After the Revibration 
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On EFFECTS OF REVIBRATION OF CONCRETE 


Revibration Technique: 

All prepared test specimens were kept 
in the molds at room temperature under 
damp burlap for 24 hr. The vibrator 
used: had a 1}-in. by 12-in. head, which 
vibrated at a frequency of 10,000 cpm. 
The procedure involved in the actual 
vibration was held constant for the most 
part; however, after the greater intervals 
of delay it was necessary to increase the 
vibration time progressively in order to 
obtain the desired consistency. Speci- 
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method, however, as the time required 
for completing each cycle was somewhat 
in excess of that specified. Although the 
equipment used was adequate, the 
relatively large specimens (3 by 5 by 
20 in.) prohibited short cycles. The 
periods required for freezing the speci- 
mens to 0 F and thawing to 40.F were 
of approximately 32 hr and 1? hr, respec- 
tively. The capacity of the equipment, 
which is completely automatic, was 48 
beams. Periodic determinations of the 
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Revibration Delay, hr 


Fic. 3.—Trend Lines Showing Relationship Between Compressive Strength and Revibration 
Delay for Concrete With and Without Air Entrainment. 


mens were vibrated for periods of 12 to 
120 sec each, by three equally spaced 
insertions of a vibrator into the molds. 
Compressive and flexural strength speci- 
mens being subjected to the revibration 
are shown in Figs. 1 and 2. 


Freezing and Thawing: 


The durability specimens were tested 
by the ASTM rapid freeze in air and 
thaw in water method (C 291 —- 52 T).? 
This test was not conducted in strict 
accordance with the normally prescribed 


2 Tentative Method of Test for Resistance of 
Concrete Specimens to Rapid Freezing in Air 
and Thawing in Water (C 291-52T), 1955 
Book of ASTM Standards, Part 3, p. 1343. 


dynamic modulus of elasticity were made 
to measure the rate of deterioration of 
each specimen. 


EFFECTS OF REVIBRATION 


The method used in vibrating and 
revibrating the specimens was the same 
in all cases. During initial casting, and 
after a specified time had elapsed, the 
vibrator was inserted in the specimen 
at three different locations. The length 
of time for each of the three insertions 
varied progressively from about 4 sec 
to a total of 40 sec of vibration as the 
amount of delay was increased. During 
the initial casting of the specimens, the 
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molds were filled approximately ? full 
for the first insertion, and additional 
concrete was added to the mold for the 
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the air-entrained concrete, however, it 
was impossible to disrupt the hydration 
process beyond 54 hr. The maximum 


second and third. Upon completion of delay feasible appeared to be governed . 
casting, an excess of concrete was placed by the water-cement ratio, temperature = 
on the individual specimens to allow for of the concrete, and the total volume S 
consolidation at revibration. In some made. a 
instances it was necessary to add addi- The greatest increase in compressive 2 
tional material in order that the speci- strength of revibrated concrete above Ff 
mens have the desired height. This was that of the non-revibrated concrete was - 
generally limited to the longer revibra- for the 7-day specimens without air 
tion periods and could have been elimi- entrainment. This increase was approxi- 
nated entirely by use of a short extension mately 36 per cent and occurred in = 
or band clamp around the tops of the specimens revibrated after a delay of tra 
molds. In actual practice, if revibration about 4 hr. The corresponding increases 
were being used in single thickness or for the 28- and 90-day specimens were 
_ one layer construction, it would be neces- 24 per cent and 15 per cent, respectively. 
sary to provide forms of slightly greater The increase in strength of the air- 
depth than actually required. Under entrained specimens was approximately 
other applications, however, an excess half that of the non-air-entrained at 
+4 of concrete would probably not be each age test. The maximum increase 
needed. For example, if this technique in strength for specimens containing 
were employed as a means of eliminating air entrainment occurred when revibra- 
cold joints in bridge abutments, struc- tion had been given about 3 hr after 
tures, etc., it would not be necessary to casting. The increases in strength for 
account for the vclume change if the the 7, 28, and 90-day tests were 16, 13, 
final layer of concrete to be poured were and 9.5 per cent, respectively. Thus, the 
- not revibrated. influence of revibration on these speci- 
er mens resulted not only in an increase in 
Compressive Strength: strength through consolidation but also 
The influence of revibration on the _ served to accelerate the hardening proc- 
compressive strength is probably as __ ess. 
significant to an understanding of the Specimens involved in the 4.5-bag 
effects of this technique as the effects mix design and those made with the 
on any of the other variables considered. retardant have not attained sufficient age 
Results of the compressive strength data to warrant inclusion or discussion at 
for the different mixes are shown in _ this time. Nevertheless, several of these 
Fig. 3. The strengths are expressed in specimens have been tested and they Ce 
terms of the revibration delay—the offer additional support for the data 
time elapsed between casting and re- obtained from the 6-bag mix. In this of 
vibration. The data also include results instance the effect of revibration appears in 
from the specimens which were hand much less significant, but emphasizes, al 
rodded and from those which were given in a general way at least, the importance pe 
only initial vibration. and controlling influences of the richer by 
In the case of the non-air-entrained mortars. These influences seem to lie e 
concrete it was possible for the mix to within the framework of the richer F 
regain a satisfactory degree of plasticity mortars which are further enhanced by | 
and workability after a 6-hr delay. With _revibration during the early dissolution 
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Fic. 4.—Trend Lines Showing Relationship 
Between Flexural Strength and Revibration 
Delay for Concrete With and Without Air En- 
trainment. 
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strength data shown in Fig. 4 is similar 
to that exhibited by the compressive 
strength specimens but of considerably 
lesser magnitude. The ultimate increase 
in flexural strength, above that of speci- 
mens given initial vibration only, was 
approximately 5.2 per cent for the 7-day 
specimens without air entrainment. This 
compares to an increase of 5.9 and 5.3 
per cent for the corresponding 28- and 
90-day specimens, respectively. The 
air-entrained concrete showed an in- 
crease of 2.8, 3.8, and 2.2 per cent at 
the 7, 28, and 90-day test periods. All 


Revibration Delay, hr 
Fic. 5.—Graphical Illustration of Durability Factors After Various Delays of Revibration for 


Concrete With and Without Air Entrainment. 


of the cement and the development of 
initial hydration products. Any structure 
arising from hydration products at this 
point, of course, is governed principally 
by the C;A and perhaps to a lesser 


extent by C;S. 


The trend indicated by the flexural 


Flexural Strength: 
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strengths continued to increase for 
samples revibrated after up to a 4-hr 
delay, after which time it was no longer 
possible to revibrate. It should be noted 
that the depth of the flexural beam 
molds was relatively slight in comparison 
to that of the cylinders, thus preventing 
the influences of revibration on those 
samples to be fully realized. Although 
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there are perhaps other considerations 
which also influence the flexural strengths 
obtained, it should be also noted that the 
trend in this case serves to further il- 
lustrate the extent to which the hydration 
process can be successfully interrupted. 


Durability: 


Results of the freezing-and-thawing 
tests, for samples revibrated after the 
various delay periods, are shown in 
Fig. 5. The cycles corresponding to a 
40 per cent reduction in dynamic mod- 
ulus were used in calculating the dura- 
bility factors. The test continued until 
the specimens had been subjected to 
300 cycles, or until the relative dynamic 
modulus of elasticity of each specimen 
had decreased to 60 per cent of the initial 
modulus. 

The advantages generally associated 
with air entrainment are most evident 
in revibrated concrete, as shown by the 
bar graphs. The effects of revibration 
on both the air content and the subse- 
quent durability of the air-entrained 
concrete specimens were of apparently 
little significance. Specimens that were 
hand rodded, those vibrated only ini- 
tially, and those revibrated after a ?-hr 
delay exhibited slightly higher durability 
factors than those undergoing further 
delay. The magnitude of this difference, 
however, was limited to 9.5 per cent. 

The data show that for the revibrated 
non-air-entrained concrete, a _ severe 
average decrease of 84 per cent in dura- 
bility was effected against that under- 
going only initial vibration. This very 
marked decrease in durability for all 
revibrated non-air-entrained concrete 
is interpreted as evidence of more critical 
saturation in the mortar. Here, the 
mortar itself is considered to reflect the 
difference in durability of specimens 
hand rodded and initially vibrated as 
opposed to that of the revibrated speci- 
mens. Since the degree of saturation of 
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the aggregates at the time of mixing was 
assumed to be the same in all instances, 
any concomitant loss in durability due 
to revibration seems attributable to 
changes produced within the mortar. 
Thus, disturbing the hydration process 
appears to result in critical saturation 
of the non-air-entrained paste. On the 
other hand, paste which initially con- 
tained a suitable air content, even though 
a portion of the air bubbles had been 
dissipated through revibration, showed 
little decrease in durability. The absence 
of air voids in the non-air-entrained 
paste, which normally relieve some of 
the internal stresses, can be said to 
account in part for the poor durability 
of these specimens. 

These concepts may not, however, 
fully account for the results obtained, 
since there was relatively little air in 
the hand-rodded and initially vibrated 
specimens without air entrainment. The 
average durability factor for these speci- 
mens was 58 as compared to a value in 
the vicinity of 10 for the revibrated 
specimens. 


Permeability: 


Evaluation of the influence of revibra- 
tion on the permeability of concrete 
was undertaken on samples from each 
of the revibration intervals. The speci- 
mens tested were 4-in. cores taken from 
each end of the beams broken in the 
flexural strength test. Water permea- 
bility tests were made on the cores, 
using a constant head permeameter. 
The results from these tests were of such 
wide variation that they could not be 
adjudged with confidence. In many 
cases the variation was greater within 
specimens taken from the same beam 
than between specimens subjected to 
revibration after different intervals of 
delay. No definite trend could be estab- 
lished for either the air-entrained or 
non-air-entrained concretes. The permea- 
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TABLE IL—EFFECTS OF VIBRATION 
TIME ON UNIT WEIGHT AND COM- 
PRESSIVE STRENGTH. 
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to a hydration product. The extent 

to which the void content is reduced 

depends on the length of the delay before 


Unit Weight of | 4 revibration and on the amount of vi- 
Ib per cu ft | Strength, psi To provide a basis for estimating the 
— influence of time of vibration on unit 
153.6 4580 weight and compressive strength, 18 
155.7 4825 ylind d heated 
154.0 4625 cylinders were cast and revibrated for 
154.8 5000 different periods of duration 3} hr after 
153.9 4500 they were cast. Thus, after a constant 
revibration delay of 33 hr, specimens 
2 
—_ 
Plain 
iv 
Hand 3 jt 3 33 4L 5L 6 


Revibration. 


bility test was not run on the concrete 
containing the retarding additive. 


Overvibralion: 


The purpose of vibrating concrete is 
to consolidate the mass to the point of 
eliminating, as far as practicable, the 
voids within the concrete. With revi- 
brated concrete, this feature is extended 
and accounts for additional consolidation 
through the disruption of the initial gel 
structure. Revibration also allows fur- 
ther compaction by eliminating the voids 
which result from internal bleeding as 
the concrete hardens. Also, at the point 
of stiffening at least some of the mixing 
water has been used up and converted 


Revibration Delay, hr jae 
Fic. 6.—Trend Lines Showing Unit Weight of Hardened Concrete after the Various Delays of 


were vibrated for periods varying from 
15 to 120 sec, as noted in Table II. 
On the basis of these data it appears 
that the length of vibrating time, or 
the possibility of overvibrating, is not 
critical insofar as the compressive 
strength of the concrete is concerned. 
Also, visual inspection of these speci- 
mens after they were broken indicated 
that there had been no segregation 
within the mix. 


Unit Weight: 


The influence of revibration on the 
unit weight of concrete for the various 
intervals of delay is shown in Fig. 6. 
The unit weight of hardened concrete 
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The maximum unit weight obtained 
corresponds very nearly to the revibra- 
tion delays at which the maximum 
compressive strength occurred. In other 
words, an increase or decrease in the 
unit weight parallels that of the com- 
pressive strengths obtained. The maxi- 
mum increase in unit weight for the 
non-air-entrained concrete occurred in 
samples revibrated after periods of 
delay between 2 and 4 hr and was in 
the order of 1.3 per cent. The peak for 
the air entrained concrete occurred at 
about 3 hr. and was approximately 1.0 
per cent greater than that also under- 
going only initial vibration. Any variation 


in the relationships between the unit 


weight and compressive strength of a 
given mix is assumed to indicate that 
the concrete was not revibrated to the 


same degree of plasticity in all cases. 


The maximum unit weights occurred, 
as did compressive strengths, at about 
the same time as the initial time of set 
of the cement (2 hr 45 min) as measured 
by the ASTM Method of test C 266 - 
51T.* Design data and _ individual 
strength results for the various mixes 
are shown in Tables III and IV. 


SUMMARY 


In disturbing the hardening process 
of the concrete by revibration, it is, of 
course, principally the mortar and not 
the coarse aggregate that is affected. 
However, there is little reason to believe 
that tests on the mortar alone would 
reliably indicate the properties of the 
concrete, particularly with regard to 
performance in freezing-and-thawing 
tests. In order for the strengths to be 
increased by revibration, either of two 


3 Tentative Method of Test for Time of Set- 
ting of Hydraulic Cement by Gillmore Needles 
(C 266 - 51 T), 1955 Book of ASTM Standards, 
Part 3, p. 198. 
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calculated the 7-day cylinders 


-_revibrated after the different intervals. 


conditions would have to be fulfilled: 
(1) the mortar and concrete would be 
more densely consolidated, thereby 
permitting more advantageous deploy- 
ment of the hydration products, or (2) 
the vibratory disturbances in some way 
would accelerate and extend the pro- 
duction and consequently increase the 
amount of the strengthening hydrates 
at the particular ages up to 90 days. 

The decrease in durabiliy of the 
revibrated specimens is attributed to 
changes produced within the mortar or 
paste rather than the coarse aggregates, 
since these remained the same in all 
mixes. While revibration is assumed to 
bring particles into more intimate con- 
tact and thereby reduce the extent to 
which hydration would normally need 
to progress in order to achieve satisfac- 
tory inter-particle bond, the attending 
conditions would produce a somewhat 
denser mortar which would also tend to 
become more critically saturated by the 
remaining free water. Thus, the decrease 
in durability and the increase in strength 
obtained through revibration may have 
resulted from the combination of these 
factors. 

The initial structure is determined by 
either the C;A or C;S, whichever hy- 
drates first. In a normally retarded set, 
the C;S is presumed to hydrate first 
and to establish the primary or principal 
structural bonds. If, on the other hand, 
the C;A hydrates first, revibration may 
displace this weaker structure and allow 
the normal structure of the C;S to 
develop as in an otherwise normally 
retarded set. The extent of hydration of 
C;S is relatively insignificant up to 4 to 
6 hr while that of the C;A may be (unless 
normally retarded) almost complete 
within 10 hr. These factors could have sig- 
nificant influence on the rate of strength 
development as well, and even on ulti- 
mate strength. 

The apparent gain in strength, or the 
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differential between the normally vi- 
brated and revibrated concretes, was 
most pronounced at 7 days, slightly 
less at 28 days, and considerably less at 
90 days. In other words, the revibrated 
samples developed strength at a faster 
rate. While strengths at a 90-day age 
may not fully reflect ultimate strengths, 
the 90-day values indicate a more or less 
persistent or permanent increase attrib- 
utable to factors other than the rate of 
hardening. 


CONCLUSIONS 


Although the portions of the study 
which deal with the effects of revibra- 
tion on a 4.5-bag mix and on mixes 
incorporating a retardant have not 
yet been completed, the data reported 
and discussed here are considered to be 


ErFFects OF REVIBRATION OF CONCRETE 


1227 


adequate support for the following con- 
clusions: 

1. Revibration will increase the 
strength of concrete after any period of 
delay as long as the mix can be brought 
to a plastic state, even if the vibrator 
must be forced into the concrete. 

2. The durability of non-air-entrained 
concrete is critically decreased, while 
the durability of air-entrained concrete 
is not significantly affected by revibra- 
tion. 

3. The possibility of overvibrating 
after any revibration delay does not 
appear critical. 

4. Revibration at any feasible period 
of delay does not cause segregation. 

5. The optimum time after casting 
to revibrate occurs when the vibrator 
will just sink into the concrete of its 
own accord. 
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Mr. Irwin A. there 
any relationship between the limiting 
time the concrete could be revibrated 
and the initial and final set of the cement 
as it ordinarily determined? 

Mr. D. H. Sawyer (author) —The 
maximum increase in strength was ob- 
tained on compression specimens and 
occurred between 3 and 4 hr. The 
initial time of set of the cement was 
around 2 hr and 45 min, which is fairly 
close to the time that the maximum in- 
crease in strength occurred. However, 
no definite relationships between the 
time of set and revibration period was 
established. The vibrator would sink 
into the concrete of its own accord at 
any time until the initial setting of the 
cement occurred, and for this reason the 
time of initial set could be considered the 
optimum point at which to revibrate, 
even though the maximum increase in 
strength developed after a somewhat 
greater delay. 

Mr. Ricuarp C. MIELENz.2—The 
results indicate that the durability did 
not decrease or change significantly with 
the revibration of the air-entrained con- 
crete, whereas the density of the concrete 
increased very significantly with revibra- 


-] 


1 Director of Research, Granite Steel Co., and 
Granite Steel Products Co., St. Louis, Mo. 

2 Formerly, Head of Petrographic Lab., Bureau 
of Reclamation, Denver, Colo., Currently, 
Director of Research, The Master Builders Co., 
Cleveland, Ohio. 


DISCUSSION 


tion. This is extremely significant. Ac- 
cording to our work, there is every in- 
dication that while the concrete is 
plastic, air is dissolved from the small 
voids and is released into the larger air 
voids. This process continues as long 
as the concrete is plastic. 

In my interpretation of the data, with 
the progressively larger delays of the 
time of revibration, the large voids in- 
creased in size and then with the revibra- 
tion were released from the concrete but 
the small voids were not decreased sig- 
nificantly in number or frequency. Con- 
sequently, the spacing of the voids re- 
mained about the same in spite of a 
considerable decrease in air content and 
an increase in density. 

Mr. SAWYER.—The air content before 
vibration for the non-air entrained con- 
crete was approximately one and a half 
per cent. Upon initial vibration this 
dropped to about 1 per cent and con- 
tinued to drop with each delay of the 
revibration interval. This does indicate 
that a portion of the air is released upon 
vibration, and, of course, this would 
apply to the air entrained concrete as 
well. However, the fact that revibration 
produced no significant change in dura- 
bility for the air entrained concrete and 
yet greatly decreased the durability of 
the non-air entrained would indicate 
that the smaller voids were not signifi- 
cantly affected. 
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AUTOMATIC EQUIPMENT AND COMPARATIVE TEST RESULTS 
FOR THE FOUR ASTM FREEZING-AND-THAWING 
METHODS FOR CONCRETE* 


_ By H. T. Arnt, B. E. Foster,! anp R. A. CLEVENGER! 


SYNOPSIS 

A description of automatic apparatus used to operate simultaneously all 
four of the ASTM tentative methods of test for resistance of concrete specimens 
to freezing and thawing is given. Details of the development and operation of 
the apparatus are given together with the problems dealt with in meeting the 
specification requirements. Time-temperature curves obtained with thermo- 
couples embedded in specimens illustrate the operation of each of the four 
_ methods. Data obtained from tests on six concretes made from three different 
aggregates and with two air contents are given. Confidence intervals are 
. plotted to show which methods best separate the different concretes as well 
as how many cycles of test are required to give a reliable separation between 


these concretes. 


The main freezing-and-thawing ap- 
paratus described herein was designed 
to provide equipment in which temper- 
tures could be accurately maintained at 
any point between —10 and 70 F, in 
which the rate of cooling or heating 
could be readily adjusted, and in which 
a number of different conditions could 
be maintained at the same time. 

The general scheme of a reservoir of 
cold liquid together with ten individual 
tanks for treating specimens, each con- 
trolled independently of the others, was 
adapted from the previous National 
Bureau of Standards equipment de- 
scribed in the 1946 ASTM Symposium 
on Freezing-and-Thawing Tests of Con- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Materials Engineer, National Bureau of 
Standards, Washington, D. C. 


crete (1).2 The geometrical arrangement 
of the tanks and piping system was modi- 
fied as the result of operating experience 
obtained with the previous equipment. 
As long as the temperature of the 
reservoir in such a system remains prac- 
tically constant, the treatment to which 
specimens are subjected is independent 
of the operating efficiency of the re- 
frigeration machines. This is in contrast 
to many installations where the freezing 
rate is determined by the capacity of the 
refrigeration condenser and evaporator, 
a capacity which may change apprecia- 
bly with valve and cylinder wear, gas 
charge, condensing water temperature, 
and expansion valve operation. This ad- 
vantage is obtained, however, at a sacrifice 
2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 
see p. 1253. 
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in refrigeration capacity due to the ex- 
tensive pumping, piping, and tank sys- 
tem with their attendant heat gain. Also, 
the refrigeration system is removing 
heat at a low temperature, a condition 
in which its capacity is reduced as com- 
pared with operation at a higher tem- 
perature. It was felt, however, that for 
the work in mind, the advantages of the 
system as designed outweighed the dis- 
advantages. 
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value. The automatic equipment men- 
tioned above is designed to meet the re- 
quirements of ASTM Method C 290- 
52 T, Rapid Freezing and Thawing in 
Water,* while the requirement of Method 
C 292 — 52 T for Slow Freezing and Thaw- 
ing in Water* may be met in six of the 
small individual tanks. 

To round out the equipment, two cold 
boxes, previously used for other purposes 
were modified to comply with the re- 


Temperature, deg Fahr 
T 


Specimens 


Slow Water-C292 


During construction, the desirability 
of adding automatic equipment similar 
to that employed by the Corps of En- 
gineers (2) and the Bureau of Reclama- 
tion (3) for use in conducting routine 
tests on aggregates was recognized. As a 
result two large treatment tanks to- 
gether with reservoirs for storing freez- 
ing-and-thawing liquids were added. 
Later, with the adoption by the ASTM 
of four tentative standard freezing-and- 
thawing procedures, it became apparent 
that the comparison of the durability of 
various concretes as subjected to each of 
the four ae of exposure w ould be of 


30 35 40 45 50 55 £460 
Time, hr 
Fic. 3.—Slow-Water Performance Graph. 


quirements of ASTM Method C 291 — 52 
T® and Method C 310-53 T.* Rapid 


3 Tentative Method of Test for Resistance of 
Concrete Specimens to Rapid Freezing and 
Thawing in Water (C 290-52 T), 1955 Book 
of ASTM Standards, Part 3, p. 1339. 

4 Tentative Method of Test for Resistance of 
Concrete Specimens to Slow Freezing and 
Thawing in Water or Brine (C 292 — 52 T), 1955 
Book of ASTM Standards, Part 3, p. 1347. 

5 Tentative Method of Test for Resistance 
of Concrete Specimens to Rapid Freezing in Air 
and Thawing in Water (C 291-52T), 1955 
Book of ASTM Standards, Part 3, p. 1343. 

6 Tentative Method of Test for Resistance 
of Concrete Specimens to Slow Freezing in Air 
and Thawing in Water (C3i0-53T), 1955 
Book of ASTM Standards, 3, Pp. 1351. 
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Freezing in Air and Thawing in Water 
and Slow Freezing in Air and Thawing 
in Water, respectively. Operation of 
these is similar to that of the apparatus 
of the National Sand and Gravel Asso- 
ciation (4). 

Since thawing takes place in water in 


all four types of test, Methods C 290, 
C291, C 292, and C 310 will henceforth 


4 
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PERFORMANCE TESTS OF EQUIPMENT 

Graphs of the temperature changes in 
the system, both ambient and at the 
centers of the specimens, are shown in 
Figs. 1, 2, 3, and 4, each graph portray- 
ing a typical cycle of operation of the 
apparatus. These temperature readings 
were obtained with copper-constantan 
thermocouples, the thermocouples for 
specimen temperatures being embedded 
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Fic. 4.—Slow-Air Performance Graph. 


be referred to herein as rapid-water, 
rapid-air, slow-water, and slow-air meth- 
ods or systems respectively. 

Curves are presented showing the 
performance of the apparatus as used in 
the four ASTM freezing-and-thawing 
procedures.*: Also data are given on 
a comparative program in which six 
different concretes were tested by each 
of the four methods. A description of the 
various pieces of apparatus is presented 
in the Appendix. 


bad 


i. 
in the centers of 3 by 4 by 16-in. 
“dummy” concrete beams similar to the 
test specimens (see Appendix). Each 
system meets the requirements of the 
applicable ASTM method except as 
noted. 

=> 
The rapid-water graph (Fig. 1) shows 
the range of temperatures indicated by 
14 thermocouples distributed throughout 
one specimen tank as shown. In this 
system the specimens are placed upright 


Rapid-W ater System: 
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amounts of water. 


Each specimen either contained a 
thermocouple or was adjacent to two 
others which contained thermocouples. 
The tank temperature was obtained from 
a single thermocouple between the racks 
as shown. Conditions in both tanks are 
the same. All of these thermocouples 
were at the center of the specimens. 
Previous tests with thermocouples near 
the top and bottom and at the center of 
specimens have indicated that treatment 
throughout the length of the specimens 


is essentially the same. 


The curve indicates failure to meet the 
specification requirement that “the time 
required to change the temperature at 
the center of the specimens shall not 
vary ... more than 10 min when changing 
from 0 to 40 F.’* The slower specimens 
reach only 38.5 F at the end of the thaw- 
ing period, but the faster specimens 
reach this temperature about 16 min 
sooner. The requirement is difficult to 
meet due to the fact that the end thaw- 
ing temperature is not very far above 
the thawing temperature of the ice in 
the cans and there is usually some ice 
left around the top of the specimens. The 
volume of the cans was adjusted at the 
beginning so that they contained approxi- 
mately the same amount of water (see 
Appendix). However, after a few cycles, 
specimens which do not fail early in this 
system begin to slough off drastically 
and may lose as much as 10 to 20 g per 
cycle. This makes it impossible to keep 
a constant volume of water in the cans, 
and it has sometimes been necessary to 
gradually raise the temperature of the 
thawing alcohol almost to 50 F to melt 
the ice on the sides of the specimens as 
tests on a given group of specimens 


progressed. 
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in the treatment tank in close-fitting 
copper cans and are covered with equal 


Rapid-Air System: 


The graph of the rapid-air system is 
shown in Fig. 2. The curve for the speci- 
mens was obtained with 24 specimens 
arranged in a ring in the tank and with 
12 thermocouples, one in every other 
specimen as shown. The tank tempera- 
ture was obtained with a single thermo- 
couple inside the ring of specimens at 
about the middle height. 

Thawing is extremely rapid in this 
system since the ratio of thawing water 
volume to specimen volume is large. Also 
the large refrigeration capacity (ap- 
proximately 25 tons) and heavy circula- 
tion of air produce a rapid freezing rate. 


Slow-W ater System: 


The slow-water system curve is shown 
in Fig. 3. This curve was obtained from 
only one of the six individual tanks which 
are adapted for this system. However, 
the tanks are identical and the cooling 
and. heating rates are easily adjustable 
so that identical curves were obtained 
from each of the six tanks. The specimen 
curve shown was obtained with eight 
thermocouples, one in each of the eight 
specimens in the tank. The specimens 
were in rubber boots with sufficient tap 
water to cover the specimen in each boot. 
All of the slow-water freezing is done in 
water rather than in brine, a choice al- 
lowed by the specification’. The speci- 
mens are placed in the boots in the racks 
outside the tank and then the rack is 
placed in the tank. Each boot is then 
filled with sufficient water to just cover 
the specimen and is manipulated by 
hand to eliminate all air trapped around 
or under the specimen. The tops of the 
boots are then folded over brass rods and 
clamped so that the boots are closed and 
the specimens are supported in a vertical 
position in the rack. The ambient tem- 
perature was obtained from one thermo- 
couple taped to an upright of the rack. 
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TABLE t.—COMPOSITION OF 


AGGREGATES. 
Ap- 
proxi- 
Aggregate Composition mate 
cent 
Almost entirely quartz 
and quartzite pebbles, 
rounded and well-pol- 
lished 
Quartz and quartzite 77 
> Dense chert 11 
Soft, porous chert 9 
Miscellaneous (sandstone, 3 
‘ granite, hematite, limo- 
nite) 
C........} Dense, hard chert 71 
4 Soft, porous chert 26 
i? Quartz and quartzite 2.5 
Miscellaneous (wood, cin- 2.5 
ders, shell) 
eee Quartz grains with small 
7 amounts of mica and iron 
oxide 


TABLE II.—CHARACTERISTICS OF AGGREGATES. 


28 F supercooling occurs, and when 
freezing starts the specimen temperature 
goes up due to the heat released by the 
freezing water. This phenomenon did not 
occurat the same temperature for all spec- 
imens, and the loop shown in the curve 
is the envelope of the specimen tem- 


peratures. 
Slow-Air System: 


Figure 4 shows a graph of the slow-air 
system performance obtained from 
twelve specimen thermocouples and one 
unconfined thermocouple distributed as 
shown on the diagram. This curve indi- 
cates conformity with the specification 
with regard to freezing and thawing time 
and temperatures, length of cycle, etc., 
but the range of freezing and thawing 
time among specimens is outside the 
limits. During the freezing phase, the 
slower specimens reach 2F 3 hr later 


ASTM Method | Aggregate A Aggregate B Aggregate C 
7 Magnesium sulfate soundness........... C 88° 
5 cycles, per cent loss................]  ...6.- 0.2 5.8 2.5 


i? Book of ASTM Standards, Part 3, p. 1231. 


Due to the slow rate of cooling in this 
method, the specimen temperatures and 
the tank temperature are very close 
together throughout the cycle except the 
points where freezing and melting of the 
water occurs. The eight specimen tem- 
peratures were so close together that they 
form one line on the graph except at the 
freezing temperature. From 32 F to about 


2 Method of Test for Specific Gravity and Absorption of Coarse Aggregate (C 127 — 42), 1955 


> Tentative Method of Test for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium 
Sulfate (C 88 —- 55 T), 1955 Book of ASTM Standards, Part 3, p. 1225. 

© Method of Test for Abrasion of Coarse Aggregate by Use of the Los Angeles Machine, (C 131 - 
55), 1955 Book of ASTM Standards, Part 3, p. 1188. 


than the faster freezing specimens. Also, 
during the thawing phase, there is a 
spread of approximately ? hr between 
the times the slower and faster speci- 
mens require to reach 39 F. This agrees 
with curves obtained by other labora- 
tories using this type of cycle, and it 
appears that the specification limits of 
20 min between specimens for freezing 
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TABLE III.—COARSE AGGREGATE and 10 min for thawing may be un- 
GRADING, ASTM METHOD C 136.4 


i realistic, this close a tolerance being diffi- 


Cumulative cult to meet. as 
Retained on per cent 


COMPARATIVE TEST PROGRAM 
l1-in. sieve 


34-in. sieve The program described below was 
}9-in. sieve undertaken with the object of comparing 
So. Selnve the relative ability of the four ASTM 
freezing-and-thawing methods to dis- 
@ Method of Test for Sieve Analysis of Fine 
(C 198-40, 1008 criminate between concretes made with 
of ASTM Standards, Part 3, p. 1218. different aggregates. Six concretes were 
made from three aggregates. Da 
TABLE IV.—FINE AGGREGATE Bares 
GRADING, ASTM METHOD © 136.4 these concretes and on the aggregates 
ma wipes = are given in Tables I, II, III, IV, and V. 


Cumulative 
Retained on : 
Materials: 


No. 0 The concretes were made and tested 
No.8 siev 4 in two series. In series I, consisting of 
No: — , 55 concretes I A, I B, and I C (Table V), 
No. 50 sieve 80 the coarse aggregates were vacuum- 
No. 100 sieve “ saturated. Correct amounts of each size 
Passing No. 100 sieve 6 fraction for one batch were combined in 
a canvas bag and placed in a large air- 
136-46) 1955 Book tank. The tank was then clamped 
of ASTM Standards, Part 3, p. 1218. shut and pumped down to less than 5 


TABLE V.—DATA ON CONCRETES. 


Cement | 
Factor, | Water- 


Mix Proportions, 
by weight, per cent 
gre- | Aggregate 
Concrete gate Treatment 


Cement S Gravel 


Vac. Sat. 3.33 3860 


to 
3970 
Vac. Sat. .78 | 3.19 ‘ : .56 | 214 | 3670 
to 
3l¢ 3900 
to 
3850 
3550 
to 
4220 
| 


| Soaked 24 hr 


| Soaked 24 hr 


to 
3590 
3040 

to 


4000 


Soaked 24 hr 


@ Method of Test for Air Content of Freshly Mixed Concrete by 
(C 231 — 54), 1955 Book of ASTM Standards, Part 3, p. 1287. 

» Method of Test for Slump of Portland-Cement Concrete, (C 143 — 52), 1955 Book of ASTM 
Standards), Part 3, p. 1370. 


© Method of Test for Compressive Strength of Molded Concrete Cae (C 39-49), 1955 
Book of ASTM Standards, Part 3, p. 1312. : 


the Pressure Method, 
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mm of mercury pressure. Minimum 
pressure was obtained in about 1 hr and 
the aggregates were left in the tank with 
the vacuum pump running overnight. In 
the morning the pump was cut off and 


a TABLE VI.—CHARACTERISTICS 


OF CEMENT. 
Characteristics 
Chemical: 
Magnesium oxide 
(MgO), per cent..... 1.6 C 1142 
Sulfur trioxide (SOs), 
3.7 C 114¢ 
Total alkali as Na2O, 
Tricalcium silicate 
(3CaO-SiOs;), per 
Tricalcium aluminate 
(3CaO-Al2Os), per 
Physical: 
Specific surface, air per- 
meability, sq cm 
3400 C 204° 
Air content of mortar, 
6.3 C 185° 
Compressive strength, 
psi C 1094 
1490 
7-day .. 2280 


@ Methods of Chemical Analysis of Portland- 
Cement (C 114-53), 1955 Book of ASTM 
Standards, Part 3, p. 69. 

>’ Method of Test for Fineness of Portland 
Cement by Air Permeability Apparatus 
(C 204 — 55), 1955 Book of ASTM Standards, 
Part 3, p. 145. 

© Tentative Method of Test for Air Content 
of Hydraulic Cement Mortar (C 185-55 T), 1955 
Book of ASTM Standards, Part 3, p. 43. 

4 Tentative Method of Test for Compressive 
Strength of Hydraulic Cement Mortars (Using 
2-in. Cube Specimens) (C 109-54T), 1955 
Book of ASTM Standards, Part 3, p. 129. 


water admitted to break the vacuum and 
inundate the aggregates. The batches 
were left in the water one day. Aggregate 
for nine batches of concrete could be 
saturated at one time in this manner. 
No air-entraining agent was added to the 
mixes made with these aggregates. 

The vacuum-saturation treatment 
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made little difference in the measured 
absorption of gravels A and B, but ag- 
gregate C, which contained 26 per cent 
of soft, porous chert, showed an increase 
in measured absorption from 4.5 to 6.9 
per cent. 

In the series II tests (concretes II A, 
II B, and II C, Table V), the aggregate 
batches were merely inundated with 
water for 24 hr. Also, sufficient neu- 
tralized vinsol resin was added to the 
mixes to raise the air content to 6 to 8 
per cent. 

The fine aggregate was sand from the 
same source as coarse aggregate A and 
was merely soaked 24 hr for all six con- 
cretes. 

The cement used was a type-II, low- 
alkali cement meeting all the ASTM 
requirements for that type. The same 
cement was used for all mixes. Chemical 
and physical characteristics are given in 
Table VI. 


Mixing and Curing: 

The concrete was mixed in 0.9 cu-ft 
batches in a tilting-drum type mixer. At 
the beginning of each day’s run, a “but- 
ter” batch was made and discarded, then 
six regular batches were made, four with 
one aggregate and one with each of the 
other aggregates. 

The weighed aggregates and water 
were placed in the mixer and mixed 2 
min. Then the cement was added and 
mixing continued for 2 min. The mixer 
was stopped and wet burlap placed over 
the opening for a 3-min waiting period. 
Then the batch was again mixed for 1 
min. 

The mix was then discharged into a 
pan and the unit weight and gravimetric 
air content determined according to 
ASTM Method C 138.7 The material 
from the unit-weight determination was 

7 Method of Test for Weight per Cubic Foot, 
Yield and Air Content (Gravimetric) of Con- 


crete, (C 138 — 44), 1955 Book of ASTM Stand- 
ards, Part 3, p. 1382. 
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d ‘returned to the pan, the entire lot re- 
J mixed with a shovel, and the slump and 
: air content by air-pressure meter deter- 
mined. The air meter determinations 


were generally higher than the gravi- 
metric. The average difference was about 
0.4 per cent with the greatest difference 
for any mix being 1.1 per cent. Three 
bars, 3 by 4 by 16 in. were cast from the 
remaining material. The 6 by 12-in. 
cylinders for compressive strength deter- 
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Freezing-and-Thawing Tests: 


On the fourteenth day the specimens 
for test in all except the slow-water sys- 
tem were put to soak in water at 40 F 
for approximately 1 hr. The specimens 
were then weighed, tested for funda- 
mental transverse frequency by vibra- 
tion in the 3-in. direction in accordance 
with ASTM Method C 2159 and placed 
in the freezing apparatus. Specimens for 
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minations were cast from the slump ma- 
terial. 
The specimens were stored in the molds 
- in the fog room at 73 + 2F for 48 hr. 
Then they were stripped, weighed, and 
replaced in the fog room for 12 days. 
Freezing-and-thawing tests were started 
at 14 days.® 


8 Most of the specimens were removed from 
the fog room on the thirteenth day and a 2-in. 
piece was sawed from the end of each one. The 
cut ends were saved for possible future micro- 
scopic determinations of air content. There was 
no significant difference in performance in the 
freezing-and-thawing tests between the speci- 
mens which were cut and those which were not. 


Cycles of Freezing and Thawing 


Fic. 5.—Rapid-Water Specimens Graph. 


the slow-water system were measured at 
room temperature. 

It was originally planned to test eight 
specimens of each concrete in each freez- 
ing-and-thawing system at the same 
time, but the rapid-air apparatus was 
not finished when the series I specimens 
were ready for test. When the tests and 
adjustments of the rapid-air apparatus 
were completed, two more rounds (twelve 
mixes) of specimens were cast and half 

® Tentative Method of Test for Fundamental 
Transverse, Longitudinal, and Torsional Fre- 


quencies of Concrete Specimens, (C 215-55 T), 
1955 Book of ASTM Standards, Part 3, p. 1355. 
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Fic. 7.—Slow-Water Specimens Graph. 
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were tested in the rapid-air system and 
half were tested in the rapid-water sys- 
tem to give a comparison between the 
earlier runs and the rapid-air tests. There 
was no significant difference between the 
control specimens tested at this time and 
the earlier tests. 

The series II concretes were tested in 
all four systems at the same time as 
originally planned. 

At the start of each test, specimens 
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mensions of the specimen.’ Durability 
factors were computed at 60 per cent of 
original dynamic modulus or 300 cycles 
of freezing and thawing, whichever oc- 
curred first. Some of the specimens were 
continued in the test beyond 300 cycles, 
however, and the series II bars are still 
running in the slow-air system at more 
than 900 cycles with no loss of dynamic 
modulus (except for one specimen of 
concrete II C). Some specimens were 


were weighed and tested by the sonic 
method at intervals of one to five cycles. 
Specimens whose modulus decreased 
rapidly continued to be tested at frequent 
intervals. The more durable specimens 
were tested less frequently as the number 
of cycles increased. From the funda- 
mental transverse frequency and the 
measured weight, the dynamic modulus 
of elasticity and its ratio to the original 
dynamic modulus expressed as per cent 
(hereafter called relative modulus) were 
calculated using a constant value for C, 
the constant determined from the di- 
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continued in the rapid-air system to 
over 1300 cycles without suffering any 
reduction in dynamic modulus. 


TEst RESULTS AND DISCUSSION | 


Figures 5 to 8 show graphs of the per- 
formance of the six concretes under each 
of the four methods of test. 


Confidence Intervals: 


The curves shown on the four graphs 
were obtained in the following manner. 
As the tests progressed and sonic read- 
ings were taken on the specimens, the 
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relative dynamic modulus for each speci- 
men was plotted on a graph for the par- 
ticular method and concrete. These plots 
were joined by broken lines, making a 
family of eight curves for each concrete 
in each method. At intervals along the 
abscissa of each graph (where the speci- 
mens lasted long enough to make this 
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In Figs. 5 to 7, the curves for the series 
II concretes are the confidence limits 
plotted above and below the mean for 
each group of specimens. The mean 
lines themselves are not shown, but if 
they were drawn, they would appear 
half way between the corresponding 
confidence limits. Where the upper con- 
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6.3 to 8.2 percent Air 
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Aggregate B- 9 percent Soft Chert 
Aggregate C- 26 percent Soft Chert 


Fic. 9.—Bar Graph of Average Durability Factors. 


feasible) the average of the relative 
moduli of the eight specimens was cal- 
culated, and from this the standard 
deviation and 95 per cent confidence 
limits for the mean were computed.!® 

1 The 95 per cent confidence limit is an esti- 
mate of the limits of the region on either side 
of the mean of the eight (or seven) specimens 
within which the true mean (of the population 


from which these specimens are drawn) would 
lie 95 per cent of the time. This region is called 


fidence level for one group separates from 


the confidence interval. It is calculated from the 
following formulas: 
For 8 specimens: 


95 per cent confidence limit = 2.36 
v8 
For 7 specimens: 
95 per cent confidence limit = 2.45 
—¢o 
V7 


where o is the standard deviation of the speci- 
mens ((5), p. 108). 


the 
be 
dis 
co 
fre 
s 
oc 
th 
co 
gr 
t 
Sé 
al 
| ( 
| n 
20 mZ 
SN I 
SN ] 
— = 
t 
( 
| 
| 
7 
3 


the lower level for another group, it can 
be assumed that the test method has 
discriminated between the two types of 
concrete at approximately the number of 
freezing-and-thawing cycles where this 
occurs. The series I concretes in these 
three methods failed so rapidly that no 
confidence limits could be shown on the 
graphs, therefore only a line indicating 
the average of the specimens is shown. 

In Fig. 8, the slow-air method, only the 
average lines are shown for all six con- 
cretes. Concretes I B and I C failed too 
rapidly to permit calculation of limits, 
and the other four followed so nearly the 
same curve that the confidence limits for 
all of them overlapped for the duration 
of the test. 

All of the curves represent eight speci- 
mens except concrete II B—rapid-water 
(Fig. 5), concrete Il B—slow-water 
(Fig. 7), and concrete II C—slow air 
(Fig. 8). In each of these cases one speci- 
men which failed much earlier than the 
others was eliminated according to the 
following statistical criterion (5, p. 243). 
If the specimens are ranked from the 
highest to the lowest relative dynamic 
E, and the eighth specimen differs from 
the seventh by half the difference be- 
tween the eighth and the second, the 
eighth is eliminated. 

Since the means of calculating both an 
average and its confidence limits is lost 
when one specimen fails, some of the 
curves (notably concrete II C in the 
rapid-air and slow-water methods) are 
cut off well above the 60 per cent relative 
E which is defined as failure, although all 
of the specimens in these instances were 
continued in the test to failure. In order 
to present the complete information from 
all of the specimens, the average dura- 
bility factors and their 95 per cent con- 
fidence limits (the cross-hatched areas at 
the tops of the bars) are plotted as verti- 
cal bars for each concrete in each method 
in Fig. 9. The bars are based on seven 
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instead of eight specimens in the same 
three cases as on the graphs, and failure 
or success in differentiating between two 
concretes in a given method is indicated 
by overlapping or absence of overlap- 
ping of the confidence intervals for those 
concretes. 


Series I Concretes: 


The series I concretes failed so quickly 
in both the rapid systems, due to the 
combination of vacuum-saturated ag- 
gregate and mortar unprotected by en- 
trained air, that very little information 
was obtained from those two methods. 
The only definite conclusion that can 
be drawn is that the series I concretes 
are distinctly separated from the series 
II concretes (Figs. 5, 6, and 9). The 
order of durability of the three concretes 
of Series I appears to be the same in both 
rapid methods, with concrete I A lasting 
longest and concrete I C failing first, but 
the difference is not significant. 

In the slow-water system the apparent 
separation of the three curves on the 
graph (Fig. 7) is not significant since the 
confidence limits above and below the 
curve are so wide. When the durability 
factors, which include information on all 
the specimens out to failure, are com- 
pared, however (Fig. 9), concrete I C is 
seen to be significantly separated from 
both concretes I A and I B. Here again 
all the concretes of series I are distinctly 
separated from the concretes of series 
Il. 

In the slow-air system, the series I 
concretes are all separated from each 
other. The separation between concretes 
I B and I C is not evident from the 
graph (Fig. 8) but is shown by the com- 
parison of the durability factors. The 
series II concretes are clearly separated 
from concrete I B and I C but not at all 
from concrete I A. 

One main fact brought out by the 
series I concretes is the extreme mildness 
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of the slow-air method. Here concrete 
I A, which failed in 3, 4, and 15 cycles, 
respectively, in the other three methods, 
continued gaining strength far beyond 
the maximum of 300 cycles recom- 
mended® and showed no evidence of 
damage whatsoever, in spite of the fact 
that the paste was not protected by en- 
trained air. The specimens of this group 
which were started earliest continued 
under testfor20 months. | 


Series II Concretes: 
Significant separations between the 
series II concretes are tabulated in Table 
VII. The rapid-water method is the only 
one which discriminated among all three 
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tion of any difference between these 
three concretes, in spite of the dif- 
ferences in the character of the aggregates 
from which they were made. 


Comparison 
Methods: 


A comparison of the results obtained 
by the four methods as shown in Fig. 9 
indicates that for these six concretes and 
the apparatus used in this investigation, 
the rapid-water method gave the best 
discrimination between the series II 
concretes and the slow-air method be- 
tween the series I concretes. The best 
discrimination between the three ag- 
gregates was obtained with series II in 


of Freezing-and-Thawing 


TABLE VII.—NUMBER OF FREEZING-AND-THAWING CYCLES TO PRODUCE 
SIGNIFICANT SEPARATION FOR SERIES II CONCRETES. 


Concretes rl Rapid-Air Slow-Water Slow-Air 
100 No Sep No Sep. No Sep. 
30 20 Doubtful No Sep. 
45 300 No Sep. No Sep. 


of the concretes. These separations were 
early and clear cut. 

In the rapid-air system there is no 
separation between concretes II A and 
II B at all, the limits for II A being in- 
cluded within the limits for II B from a- 
bout 400 cycles on. The separation be- 
tween concretes II A and II C is quite 
decisive and that between concretes II B 
and II C is borderline, both on the 
curve and on the bar graph. 

Separation between concretes II C 
and II A appears to be occurring at the 
end of the II C curve in the slow-water 
system. This is insufficient evidence for 
saying that a separation has taken place, 
but in Fig. 9 a significant separation is 
shown. In the other two cases in this 
method, the confidence intervals overlap 
throughout. 

As far as evidence from the slow-air 
system is concerned, there is no indica- 


the rapid-water method. Here the mortar 
was protected by the entrained air and 
the relative durability of the three ag- 
gregates shows up very clearly. 

In all cases where there was a separa- 
tion between the three aggregates, 
whether statistically significant or only 
apparent, the order of durabilities was 
the same, with the A aggregate most 
durable and the C aggregate least dura- 
ble. This is, of course, the order that 
would be expected from the character of 
the aggregates. 

In general, the slow-water method 
caused the most disintegration per cycle. 
Due to the slowness of the method, how- 
ever, failure required a longer elapsed 
time than in the rapid-water method. For 
concrete II A, for instance, in the slow- 
water system the average number of 
cycles for failure was 135 which required 
270 days. In the rapid-water system, all 
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the concrete-II A specimens ran over 
300 cycles, but they reached this figure 
in approximately 60 days. 


Separation of Specimens Within a Given 
Concrete: 


An interesting phenomenon which ap- 
pears to be related to non-homogeneity 
of the aggregates occurred in concretes 
II B and II C in both rapid methods of 
test. The data from these concretes in 
these methods showed two well-defined 
groups except for concrete II C in the 
rapid-air system in which three groups 
appeared. The average durability factors 
and numbers of specimens involved in 
each case are given in Table VIII. The 
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opportunity for groups to appear. This 
may also have been the reason for the 
lack of separation into groups in the 
case of concretes II B and II C in the 
slow-water method. In the  slow-air 
method the concretes were so durable 
that there was no more chance for separa- 
tion between groups within a concrete 
than for separation between the differ- 
ent concretes. The A aggregate, of course, 
was quite uniformly durable and showed 
no groups in any method in either of the 
concretes made from it. 


SUMMARY AND CONCLUSIONS 


A test program is described in which 
six concretes were studied simultaneously 


TABLE VIII.—GROUPS WITHIN A GIVEN CONCRETE. 


Rapid-Water Method 


Rapid-Air Method 


Concrete II B Concrete II C Concrete II B Concrete II C 
Avg. Number of; Avg. Number of Avg. Number of} Avg. (Number of 
. D.F.2 |Specimens D.F.* |Specimens D.F.* Specimens D.F.* |Specimens 
\- 
75.0 4 33.8 3 101.2 | 5 97.0 2 
OS) eee §1.2 3 23.4 5 93.3 3 86.1 4 
| 66.8 2 


Average durability factors. 


application of a “‘?” test showed all of 
these differences to be significant". This 
behavior of these two concretes, in which 
the aggregates contained approximately 
9 per cent and 26 per cent respectively 
of porous chert, might be explained by 
the presence or absence of large pieces of 
the non-durable aggregate in critical 
locations in some specimens and not in 
others. 

Concretes I B and I C failed so rapidly 
in all four methods that there was no 

"The “t” test is a statistical test for deter- 
mining whether the difference between the av- 
erages of two groups of data can be regarded 
as significant, ((6), p. 24). The difference be- 
tween the averages for groups 1 and 2, concrete 
II C in the rapid-air method was significant at 


the 5 per cent level. All the others were signifi- 
cant at better than the 0.5 per cent level. 


by all four ASTM methods for testing 
the resistance of concrete to freezing and 
thawing. The concretes were made with 
three aggregates, one durable, one non- 
durable, and one intermediate, one series 
being made with vacuum-saturated ag- 
gregates and no purposefully-entrained 
air, and a second series with soaked ag- 
gregates and 7 per cent air. Averages 
and confidence intervals representing the 
performance of the six concretes in each 
method are given. 

Time-temperature curves are given 
representing the performance of the four 
systems for conducting the tests, and 
some of the problems encountered in 
meeting the requirements of the methods 
are discussed. The development and 
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operation of the automatic apparatus is 
described in the Appendix. 

The following conclusions are drawn: 

1. With the series I concretes (vac- 
uum-saturated aggregates and no en- 
trained air): 

(a) Significant discrimination between 
all three aggregates was obtained only in 
the slow-air method; 

(6) In the rapid-water and rapid-air 
methods, disintegration was too rapid 
to show any differences between the three 
aggregates. 

(c) In the slow-water method, concrete 
I C was separated from concretes I A and 
IB. 

2. With the series II concretes (ag- 
gregates merely soaked and 7 per cent air 
included): 

(a) In the rapid-water method ag- 
gregates A and B were separated at 100 
cycles of freezing and thawing, aggre- 
gates A and C at 30 cycles, and aggre- 
gates B and C at 45 cycles; 

(b) In the rapid-air method aggregates 
A and B were not separated, but ag- 
gregates A and C were separated at 20 
cycles and aggregates B and C at 300 
cycles; 

(c) In the slow-water method aggre- 
gregates A and C were separated at 40 
cycles, but aggregate B was not separated 
from either of the others; 

(d) In the slow-air method there was 
no separation. 

3. All of the series II concretes were 
separated from all of the series I con- 
cretes in all methods, except that con- 
crete I A was not separated from series IT 
in the slow-air method. 


3 Ap 


4. For these aggregates and concretes, 
the rapid-water method gave the best 
separation for the more durable con- 
cretes and the slow-air system gave the 
best separation for the least durable 
concretes. 

5. Specimens with the most durable 
aggregate and entrained air (concrete 
II A) showed no deterioration up to over 
1300 cycles in the rapid-air test. 

6. All the specimens with entrained 
air regardless of aggregate (series II) and 
specimens with the most durable aggre- 
gate, even without entrained air (con- 
crete I A) showed no deterioration up to 
over 900 cycles in the slow-air method. 

7. In all combinations of concrete and 
test method in which there was a differ- 
ence between the three aggregates, the 
order of durability was as follows: A 
most durable, B intermediate, and C 
least durable. 

8. The slow-water method was in 
general the most severe as to the number 
of cycles required for failure but the 
rapid-water was most severe as to the 
length of time of the tests. 

9. The slow-air method was least 
severe. 
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DESCRIPTION OF FREEZING-AND-THAWING EQUIPMENT Su 


ay 


Main Assembly: 


Figure 10 is a photograph “showing the 


general arrangement of the tanks. Located 
on each side of the upper level are five 35-gal 
and one 110-gal specimen treatment tanks. 
The larger tanks are a part of the rapid-water 
system which is described in more detail 
below. On the lower level are located the 
300-gal main reservoir and two 110-gal reser- 
voirs. The latter two hold the freezing and 
the thawing liquid for the rapid-water sys- 
tem. 


Fic. 10.—Photograph of of Tanks. 


The tanks are of 18-8 stainless steel, 
metal-sprayed on the interior with copper 
and painted with black chemical-resistant 
laboratory paint. They are insulated from 
the outside and in most cases from each other 
by 6 in. of foam glass. Because of its non- 
absorptive properties the foam glass insula- 
tion makes a hermetically sealed enclosure 
unnecessary. The stainless steel tanks were 
coated because in operation it was found that 
numerous pinholes developed in the bottom 
of the tanks. This trouble was attributed to 
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local electrolytic action between the stain- 
less steel of the tanks and particles of rust 
lying on the bottom (7). 

A solution of approximately equal parts 
of ethyl alcohol and water is used as the cir- 
- culating and cooling medium. Ethylene gly- 
col was originally employed, but proved to 
_ have too high a viscosity at low temperature 
for the pumping system. The use of alcohol 
introduces some hazard of fire or explosion. 
As a precaution, the laboratory is maintained 
at 70 F, which is below the flash point of the 
solution used. Every tank which contains 
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ment, the latter being located on the floor 
below. Tank M is the 300-gal main reservoir, 
which is divided into two areas by a loose 
fitting baffle. A 1-hp pump continuously 
withdraws liquid from outside the baffle, 
sends it through the two shell-and-tube 
coolers in series, then through a closed 275- 
gal tank and back to the main reservoir, 
where it is discharged through a manifold 
along the top of the area inside the baffle. 
The pipe is 2-in. copper tubing and the rate 
of flow is approximately 60 gal per min. 
Each shell-and-tube cooler is flooded with 
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Level Tonks To Ropid Air 
South Manifold —> and Slow Air 
Loose-Fitting Baffle Water Tanks 
! 
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' 
5 HP Pumps 
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To North Shell and Tube Coolers 
Manifold 
v 
7 275 Gal. 
Storage 
Freon Freon 9 


15 HP Compressors 


Fic. 11.—Schematic Diagram of Reservoirs and Coolers. 


both alcohol and an electric heater also con- 
tains a safety thermostat which cuts off all 
power to the entire system if the alcohol 
temperature rises to 70 F. 

In use, alcohol is lost through evapora- 
tion and by dilution from condensation of 
moisture from the air. Using 95 per cent 
alcohol in making up the loss helps maintain 
the desired proportion of alcohol, but oc- 
casionally some of the system liquid must 
be removed and replaced by 95 per cent 
alcohol. 


Lower Level, Main Assembly: 


Figure 11 is a diagram showing the lower- 
level tanks and also the refrigeration equip- 


liquid Freon 12 from a 15-hp condenser. 
Piping and coolers are insulated with 4 in. 
of cork. The 275-gal tank serves to give 
temperature stability to the main reservoir 
by reducing the temperature rise in it when 
approximately 100 gal of 0 F liquid is re- 
turned each hour from the rapid-water 
system. 

The main reservoir has at various times 
been maintained at temperatures ranging 
from —40 F to —12 F. It is currently main- 
tained at approximately —12 F, a tempera- 
ture which permits more efficient operation 
of the refrigeration system and the use of 
less alcohol than is required for lower tem- 
peratures. Data reported in this paper, 
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however, were obtained with tank M at 
—20F. A gas-actuated thermostat with a 
differential of 3F controls the tempera- 
ture by turning the compressors on and off. 
Two of these thermostats are connected in 
series with one set a little below the other 
to prevent freezing in the chillers in case 
one should fail to act. An automatic recorder 
graphs the temperature of the reservoir. The 
suction pressures of the two compressors 


Solenoid Valve 
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Stirring Motor 


Level of Alcohol 


of each bank of treatment tanks (Figs. 10 
and 11). Liquid enters the individual tanks 
through solenoid valves, and excess liquid 
overflows by gravity into the main reservoir, 
entering outside the baffle. Both manifolds 
are bled back to the reservoir through a 
ceramic filter. Other lines from the pump 
lead, through solenoid valves, to the freezing 
and the thawing reservoirs of the rapid-water 


system (tanks F and T of Fig. 11), and the 
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| Fic. 12.—Cross-sectional Diagram of Individual Tank. 


are recorded on a two-pen recorder with a 
range of 30 in. of mercury vacuum to 100 lb 
pressure. These three charts and two com- 
mon pressure gages for the high sides of the 
compressors have been of much value in 
recognizing and diagnosing troubles in the 
cooling system. 

A second pump, of 4-hp capacity, con- 
tinually takes liquid from a manifold inside 
the baffle in the bottom of the reservoir and 
distributes it as needed to various parts of 
the equipment. The distribution system 
includes a manifold which runs the length 


thawing-water tanks of both the rapid-air 
and the slow-air systems. The latter two 
tanks, which contain water at 40 F, are in 
equipment adjacent to the main assembly 
(see below). In them the alcohol circulates 
through coils of copper tubing and is then 
piped back to the main reservoir. 

Tank F holds the 0F alcohol which is 
required in the freezing phase of the rapid- 
water system. The temperature is thermo- 
statically controlled by an indicating con- 
troller with an adjustable range from —40 
to 120 F which opens a solenoid valve, as 
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needed, to add cold alcohol from the main 
reservoir. Excess alcohol is carried by an 
overflow trough back to the reservoir. 

Tank T holds the 42 F alcohol which is 
required in the thawing phase of the rapid- 
water system. The temperature is controlled 
by another indicating controller equipped 
with a single-pole double-throw mercury 
switch with an adjustable neutral range. On 
temperature rise the controller actuates a 
solenoid valve which permits cold alcoho] to 
enter the tank from the manifold described 
above, and on temperature fall it energizes 
two 4-kw immersion heaters. It has been 
found that the heat loss to the adjacent 0 F 
tank and to the frozen specimens and their 
surrounding layer of ice during thawing 
makes the addition of cold alcohol unneces- 
sary. As a result make-up alcohol must oc- 
casionally be added. 


Upper Level, Main Assembly: 


Figure 12 shows a cross-sectional view of 
one of the 35-gal treatment tanks. Circula- 
tion is provided by a stirrer driven at 1725 
rpm by a 3-hp motor. The temperature of 
the tank liquid is indicated and controlled 
by an indicating controller in the same man- 
ner as the thawing reservoir described above. 
The temperature of the tank may be varied 
and controlled at any point between the 
temperature of the liquid in the main reser- 
voir and 120 F. No tank containing alcohol, 
however, is ever heated above 70 F. Each 
tank will accommodate eight 3 by 4 by 16-in. 
specimens which are enclosed either in cans 
or rubber boots. The specimens are carried 
in a rack so that all may be withdrawn at 
one time by means of an electric hoist on an 
overhead track. 


Adaptation to Slow-Water Cycle: 


In order to meet the requirements of 
ASTM Method C 292‘ it is necessary to 
control the rate of both heating and cooling. 
Also the top temperature of this cycle, 73 F, 
is close to the critical temperature for an 
evaporation and explosion hazard for an 
alcohol bath. Six of the 35-gal tanks were 
modified to meet the requirements and ob- 
jections given above. First the tanks were 


isolated from the main system by (1) stop- 
ping the overflows and (2) sending the cool- 
ing alcohol through loops of }-in. outside 
diameter copper tubing in the bottom of the 
tanks and thence back to the main reservoir. 
The tanks were then filled with ethylene 
glycol solution, about 40 per cent by volume. 
The rate of cooling in each tank is controlled 
by a needle valve in the alcohol line and is 
adjusted by timing the rate of flow from a 
pet cock located just past the solenoid valve. 
The heating rate is adjusted by a Variac 
which regulates the voltage to a 500-w 
heater. A timer operates a stepping relay 
which alternately shifts the controls from 
heating to cooling and back again at 24-hr 
intervals. 

The end temperature on the thawing 
phase of the cycle, 73 F, is limited by a 
thermostat. Since the heat is cut off very 
nearly at room temperature, the tempera- 
ture in the tank stays practically constant 
without any further heating or cooling until 
the start of the freezing phase. 

The end temperature of the freezing 
phase, 0 F, is limited and held by the indi- 
cating controller mentioned above. Aside 
from daily observation of the temperature 
and occasional adjustment of the rate of 
alcohol flow, the equipment operates with- 
out attention seven days a week. 
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Rapid-Water System: 


The main components of the rapid-water 
system are two treatment tanks on the upper 
level (Fig. 10), the two reservoirs on the 
lower level (tanks F and 7, Fig. 11), two 
3-hp circulating pumps, two valve motors 
operating four plug valves, and an auto- 
matic timer. The reservoir tanks have been 
described above. 

Each of the treatment tanks holds three 
racks of eight specimens with the specimens 
held upright in copper specimen cans or 
rubber bags. The cooling or heating medium, 
which is the 0 F or 42 F alcohol from one of 
the lower reservoirs, enters the bottom 
of the tank and is distributed by a spray 
manifold of copper pipe. The manifold runs 
the length of the tank at the back and has 


an arm extending under each of the three 
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specimen racks. This system promotes circu- 
lation and uniform temperature distribution 
throughout the tanks and around all the 
specimen cans. 

Each tank has an overflow which can be 
shifted to empty into either of the lower 
reservoirs, tank F or tank JT. Also, each 
tank has two drains which are closed by 
closet-tank-type rubber balls and are op- 
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stop and the appropriate drains are opened. 
After the draining period, the valve motors 
shift the plug valves, and automobile choke 
cables attached to one valve motor shift the 
hinged overflows to the opposite reservoirs. 
The liquid is then pumped through the pipes 
indicated by the light and heavy solid lines 
in the diagram, overflowing into the proper 
reservoirs. This cycle repeats continuously. 


Overflows 
South North 
Treatment | Treatment 
Tank | Tank 
1} ttt 
“Drains — 
Freezing Thawing 
7 Reservoir Reservoir 
Plug Valves 
Pump 25 25 ) Pump 
oo 
Plug Valves 


Fic. 13.—Schematic Diagram of Rapid-Water System. 


erated by solenoids located above the tanks. 
One drain from each tank empties into tank 
F and the other into tank T. 

Figure 13 is a diagram of the operation 
of the system when the south treatment tank 
is freezing and the north tank is thawing. 
The heavy lines indicate the pipes used both 
on freezing and thawing phases, and the 
heavy dotted lines (except the drains which 
are closed during the pumping period) show 
lines that are being used only for the current 
phase. At the end of this period, the pumps 


The freezing and thawing phases of the 
cycle are the same length. The run time may 
be set for any time up to 5 hr. The drain 
and shift timers may be set for any time up 
to 10 min. The apparatus is currently op- 
erated on a 2-hr cycle on the following 
schedule: 


3 min 50 sec 
10 sec 


It was found that specimens could be- 
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stored frozen in this system by merely cut- 
ting off the thawing pump and allowing the 
freezing pump to run every other hour. The 
insulation of the tanks and the layer of ice 
in the cans around the specimens keep the 


temperature in the specimens from rising 
more than the 3 F above zero allowed by the 
method’ during the idle hour. Either treat- 
ment tank may be run independently of the 
other or allowed to run while the other re- 
mains frozen. Also, an auxiliary 24-hr timer 
can be set so that any desired number of 
thawing cycles may be skipped by either 
tank (while the other continues freezing and 


Fic. 14.—Photograph of Rapid-Air Box. 
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thawing) or by both tanks. This is used to 
cut down the number of cycles to 30 over a 
week end or to a smaller number of cycles 
during other periods when the equipment is 
unattended, particularly when specimens 


= 


are just starting in the test or are close to 
failure. 

Temperature in this system is controlled, 
as mentioned above, by two indicating con- 
trollers with bulbs in the hot and cold 
reservoirs. 

In order to obtain uniform temperature 
conditions in the specimens, it was found 
necessary to have the same amount of water 
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around each one in the specimen cans. The 
cans were deformed by either pounding the 
sides in or spreading them until 700 ml of 
water just reached the top of a new speci- 
men. The specimens are placed in the cans 
with 3 by 4 by }-in. paraffin-impregnated 
wood spacers at top and bottom, the top 
spacer being weighted down. This provides 
uniform temperature treatment throughout 
the length of the specimen. 

Strips of rubber refrigerator-door gasket 
cemented around the top of the can just be- 
low the edge of the lid help to keep the spac- 
ing uniform between the cans so that the 
alcohol can circulate freely. These strips 
also prevent the alcohol from being sprayed 
up under the lids and into the cans at the 
start of the pumping period. 

The specimen cans in one of the racks may 
be seen in Fig. 10. 


Rapid-Air System: 


The rapid-air tests are conducted in a 
commercial cold box (Fig. 14) which has 
been modified to operate similarly to the 
National Sand and Gravel Association ap- 
paratus (4). This is a low-temperature box 
with a door opening on the front. Cooling 
coils are located in chambers at each end of 
the box, and two blowers draw air through 
the coils and blow it out into the working 
chamber through baffles near the top of the 
end walls. The box has its own refrigeration 
system consisting of two stages. The first or 
high stage is 10 hp; the second or low stage 
is 15 hp and cuts in at a temperature con- 
trolled by a separate thermostat. The re- 
frigerant is Freon 22. A recording-indicating 
controller with a range of —100 to +200 C 
controls the temperature in the box by cut- 
ting the compressors off and on after the 
control setting is reached. The rate of freez- 
ing may be controlled either by closing down 
a valve in the refrigerant return line or ad- 
justing the temperature at which the low- 
stage machine cuts in. In practice the sys- 
tem has been run with the valve wide open 
and the low-stage thermostat set at 20 F. 

To adapt this box for the rapid-air tests, 
a galvanized iron tank was installed inside 
the freezing chamber. In the bottom of the 
tank a rack of 3-in. pipes spaced approxi- 


mately 4-in. apart supports the specimens 
above the bottom of the tank. This allows 
the freezing air and thawing water to circu- 
late around and under the specimens. 

A 16-in. fan in a short cylindrical metal 
duct is suspended from the roof of the box — 
over the center of the tank. A removable > 
hinged sheet-metal cover is supported 4 in. 
over the tank on shelves around the back | 
and ends of the freezing box and fits against 
the duct around the fan. Thus the cold air — 
from the blowers is directed into the central © 
fan, which blows it down into the center of - 
the tank, under and between the specimens, © 
and out over the sides of the tank under-— 
neath the lid. The fan is mounted on a shaft 
which extends through the top of the freezing | 
box and is belt-driven by a 1-hp motor. 
During the tests reported in this paper, 
the fan was run at 2300 rpm. 

The tank was originally designed to hold 
48 3- by 4- by 16-in. specimens. However, 
extensive tests with different arrangements 
and different methods of distributing the air 
showed that it was impracticable to obtain 
uniform temperature distribution among this 
number of specimens. Uniformity was finally 


obtained by reducing the number of speci- | 


mens to 24 and standing them in a single 
ring with the air from the fan directed down 
through the center of the ring. 

The thawing water for the system is con- 
tained in an insulated tank located in front - 
of the freezing box (Fig. 14). Cooling of the 
water is accomplished by a cooling coil of 
3-in. outside diameter copper tubing through © 
which circulates cold alcohol from the main 
system described above. Heating is furnished 
by two 4-kw immersion heaters. An indicat- 
ing controller opens a solenoid valve in the 
cooling line or turns on the heaters, as 
needed. A compressed-air manifold in the 
bottom of the tank under the cooling coil 
bubbles air through the water and provides 
sufficient circulation to keep the tempera- 
ture uniform when the water is not being 
pumped and to keep the water from freez- 
ing on the coil. Water from the reservoir is 
pumped up by a 1-hp pump into the bottom 
of the specimen tank where it is spread by a 
baffle, circulates around the specimens, and 
overflows back into the reservoir from the 
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top of the specimen tank through a 3-in. 
overflow. Pumping provides sufficient circu- 
lation for uniform temperature distribution. 
A 1}-in. drain line controlled by a solenoid 
valve bypasses the pump so that the water 
is returned quickly to the reservoir at the 
end of the thawing phase. 

A simple automatic timer and stepping 
relay control the system automatically. The 
freezing system, blowers, and fan run for 1 
hr. Then there is a 15-min idle period, during 
gh 


which the specimens remain within the spe- 
cified limits of the freezing temperature. 
The pump then runs for 30 min, and 15 min 
are allowed for draining, after which the 
cycle repeats. 

This system may be made to skip cycles 
and hold the specimens in a frozen condition 
by removing some of the pins from the timer 
dial. If the specimens are stored for more 
than a day or two, however, they are first 
removed and sealed in two layers of sheet 
plastic to prevent drying. 

Since the freezing coils are not immersed 
in the thawing water, they gradually frost 
up during operation and the space between 
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Fic. 15.—Photograph of Slow-Air Box. 


the fins may become so restricted as to ma- 


terially cut down the air flow and the effici- 
ency of refrigeration. To obviate this, regular 
defrosting is necessary. It has been found 
adequate to defrost each time the specimens 
are removed for sonic tests (three times per 
week minimum). At the beginning of the last 
thawing period before the specimens are to 
be tested, the door is opened and the blowers 
(but not the fan) are run, with the refrigera- 
tors off. This is sufficient to keep the frost 
from building up. 


Slow-Air System: 


The apparatus for the slow-air system is 
another commercial box of lower freezing 
capacity than the rapid-air box (Fig. 15). 
The box has two identical sections with top- 
opening lids. Cooling coils are mounted in a 
helical arrangement around the inside of each 
section and are fed, in parallel, through sepa- 
rate expansion valves from the same com- 
pressor and air-cooled condenser. The com- 
pressor is a 1-ton unit using Freon 12 which 
is run by a 2-hp motor. The two chambers 
are lined with copper and are watertight, 
which made it unnecessary to install a sepa- 
rate specimen tank. 


A rack of -in. pipe supported on a wooden 
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frame, similar to that in the tank of the rapid- 
air system, supports the specimens with their 
lower ends level with the bottom of the cool- 
ing coils. Each section holds 24 3- by 4- by 
16-in. specimens standing on end. In the lid 
of each section is a fan which drives the air 
down among the specimens to the bottom of 
the box, where it spreads out and rises over 
the cooling coils around the sides of the box. 
Due to the comparatively slow rate of cool- 
ing, little difficulty is experienced in obtain- 
ing a uniform rate of cooling, even between 
specimens in the center of the box and on the 
outside near the cooling coils. Needle valves 
in the refrigerant return lines and adjustable 
expansion valves permit regulation of the 
freezing rate of either chamber. The mini- 
mum temperature during freezing is set by 
a pair of refrigeration-type thermostats with 
a differential of 3 F, one controlling the sole- 
noid in the liquid-refrigerant line for each 
of the chambers. 

For thawing water an insulated tank was 
installed underneath the freezing box. A 
3-hp pump delivers water from the tank into 
the bottom of each of the chambers. The 
water flows between. the chambers through a 
3-in. overflow in the partition and overflows 
from the left chamber back into the reservoir 
below. Baffles over the intakes in each box 
distribute the flow, thus providing uniform 
temperature distribution. Thawing water 
temperature is maintained and the treat- 
ment tanks are drained in the same manner 
as in the rapid-air equipment. 

The system is controlled automatically 
by a timer which turns on the fans and 
opens the refrigerant solenoids (through 
their temperature controls) at the beginning 
of the freezing period. At the end of the 
freezing period the fans are stopped, the 
cooling solenoids are closed, and the pump 
starts. 


Temperature Measurements: 


Temperature changes in all of the systems 
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are followed by copper-constantan thermo- 
couples embedded in the center of dummy 
specimens. The thermocouples are inserted 
in }-in. outside diameter plastic tubing with 
the junction approximately }-in. in from the 
end of the tubing. The tubing is then filled 
with paraffin. Temperature readings are 
made with an automatic 16-point recording 
strip chart potentiometer with a range of 
—25 F to 125 F graduated to 0.5 F. Termi- 
nal strips connected to the potentiometer 
are located in boxes convenient to all of the 
freezing tanks and chambers. Leads on the 
dummy specimens are long enough so that 
connections may be made from any part of 
any of the systems to any of the 16 points 
on the potentiometer. 


Sonic EQUIPMENT 


Deterioration of the specimens during 
freezing and thawing is checked by measur- 
ing the dynamic mcdulus of elasticity as 
described in ASTM Method C 215.9 The 
specimens are all tested in transverse vibra- 


tion on a sponge rubber pad. The indicating © 


device is an oscilloscope. 

The oscillator is an interpolation type with 
a dial graduated to 5 cycles in the lower 
range and 20 cycles in the upper range used 
in these tests. During this program the oscil- 
lator frequency was checked against a steel 
reference bar for which a number of trans- 
verse, torsional, and longitudinal resonant 
frequencies were known. Variation of the 
oscillator frequency has always been well 
within the +2 per cent specified over the 
entire range in use, and has almost always 
been within +1 per cent.” 


12 Since these tests were completed, an elec- 
tronic counter has been acquired. This is con- 
nected to the oscillator output and counts and 
displays the frequency directly to the nearest 
cycle. This eliminates the need for calibrating 
the oscillator dial. 
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Mr. T. F. (by letter).—For as 
long as this writer has dealt with con- 
crete technology, almost every experi- 
ment with which he is familiar has 
occasioned considerable difference of 
opinion as to the proper interpretation to 
be placed on the data obtained. Six 
years of experience with use of statistical 
methods for design of experiments and 
analysis of data have produced convinc- 
ing evidence that more widespread un- 
derstanding and use of these techniques 
will go far toward clearing up this con- 
dition. It is therefore encouraging to 
encounter an increasing number of 
papers, in which the inferences and con- 
clusions are based on statistical analyses 
of the data. The authors of the paper 
under discussion are to be commended 
for being among the early few who have 
published such a paper. 

In the early attempts to use statistical 
techniques in any branch of technology, 
many faulty and illegitimate applica- 
tions are certain to occur. Conclusions, 
based on such misapplication, can be 
misleading, or even completely errone- 
ous. The sooner these errors can be de- 
tected and pointed out, the quicker will 
statistics become a universally useful 
tool for investigations of concrete. While 
the authors of the paper under discus- 
sion do not provide all the information 
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necessary to check se the applica- 
bility of the statistical techniques they 
used, superficial examination indicates 
that most of their applications are cor- 
rect, and that the results of these appli- 
cations have enhanced the value of the 
experiment and paper. At one point, 
however, there appears to be an improper 
use of a statistical technique. 

Under the rubric ‘Separation of Speci- 
mens within a Given Concrete,” the 
authors examine certain sets of their 
data by separating the data of a set into 
two subsets or groups. One group con- 
sists of all the larger test results of a set, 
while the other group contains all the 
smaller results in the set. A statistical 
“?” test is then applied and, because of 
the magnitude of the arithmetical result, 
it is concluded that there is a significant 
difference between the means of the two 
groups. This appears to be 2n illegitimate 
application of a statistical ‘‘?’” test for 
the purpose of demonstrating the exist- 
ence of a real difference between two 
means. The mechanics of a “‘/’’ test, and 
the logic behind inferences drawn there- 
from, are based on a theorem which may 
be stated as follows: given a set of mag- 
nitudes normally distributed about the 
mean of the set, the means of random 
samples drawn from the set will be dis- 
tributed in a ‘‘?’” distribution. The con- 
notation of “‘random,” as used in the 
theorem to restrict “samples,” is simply 
that each individual member of the 
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original set must have had an equal 
chance of falling in any specific sample. 
In the authors’ application there were 
two samples or groups, one containing 
the larger results and the other the 
smaller. Under their system of forming 
groups there was no chance for one of 
the larger results to have occurred in the 


TABLE IX. 
Concrete II B Concrete II C 
Individual) Differ- Differ- 
RaPip-WaTER METHOD 
| 37.2 
33.8 | 3-4) | 3.4 
75.6 0.9 2.8 | 30.4 ‘s 
6.8 
5.7 
13.9 
56.0 23.6 
52.2 5.3 | 23.6| 0, 
45.4 23.4 0.2 
23.4 0.6 
22.8 
Rapip-Air 
103.0 97.5 
100.6 0.2 0.8 
100.4 0.6 6.1 
99.8 : 90.4 
4.0 
86.4 11 2.7 
5.3 | 85.3 | 
94.5 0.3 82.4 
94.2 2.9 1.6 
91.3 ¥ 11.9 
71.3 
62.4 8.9} 


* Durability factor. 


group of smaller results, nor for one of 
the smaller results to have fallen in the 
group of larger results; therefore the 
authors’ groups are in no sense random 
samples. It follows that there is no a 
priori reason to expect the means of such 
samples to follow a ‘‘” distribution, 


which removes the logical background 
for inferences. The arithmetical result of 


the “?” test thus appears to be meaning- 
less. 


ae presence or absence of non-durable 


in a specimen. This may or may not be 
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Upon reflection it is obvious that, if 
any set of test results can be and is sepa- 
rated into two subsets, one containing all 
of the smaller results and the other all 
the larger results, then the two subset 
means will invariably differ from each 
other in the same algebraic direction. 
No statistical test is required to sub- 
stantiate this; it could have been un- 
erringly predicted before performing the 
experiment. Furthermore, the fact that 
it is so reveals nothing about any other 
characteristic of one subset relative to 
the other. 

The authors hypothesize that the oc- 
currence of both small and large results, | 
within a single set of tests from sup- __ 
posedly identical specimens, is due to 


aggregate particles at critical positions 


true; but for reasons pointed out above, 
the arithmetical result of a ‘“‘?” test, ap- 
plied under the authors’ method of as- _ 
signing specimens to groups, lends no 
authenticity to this or any other similar 
hypothesis. Had the authors, prior to 
acquiring knowledge about the magni- 
tude of the frost resistance of the indi- 
vidual specimens, been able to separate 
them into two groups on the basis of 
observed location of non-durable aggre- 
gate particles, the result of a “‘?” test on 
the difference between the mean frost 
resistances of the two groups would have 
been meaningful. 

A fallacy, such as has been pointed 
out, can be avoided by remembering an 
inviolable principle of scientific experi- 
mentation, to wit: if groups of experi- 
mental units are to be compared for the 
purpose of demonstrating a difference 
(or similarity) between such groups, 
placement of units in the groups must 
in no way be influenced by the measured 
magnitudes which are to serve as the 
basis for comparison. 

In closing, the writer would emphasize 
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that the enhanced value of the paper, 
resulting from the legitimate uses of sta- 
tistics, far outweighs the erroneous infer- 
ence on a minor point produced by mis- 
application of a statistical technique; and 
further would urge the authors and all 
technologists concerned with applied re- 
search on concrete to continue and ex- 
pand their usage of statistical techniques 
for design of experiments and analysis of 
data. 

Mr. H. T. Arn (author’s closure).— 
We wish to thank Mr. Willis for his care- 
ful and critical review of our paper, and 
for the discussion of the statistical pro- 
cedures used therein. Mr. Willis’ criti- 
cism of the use of the “‘/’”’ test to demon- 
strate a significant difference between 
the averages of groups of data is well 
taken and the use of this statistical tech- 
nique was improper. It should have been 
pointed out that the actual separation 
between these groups of data was clearly 
obvious without any statistical analysis 
in the original curves where the relative 
durabilities of the individual specimens 
were plotted. These separations appeared 
early in the life of the specimens and 
continued to the end of the tests, with 
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the gaps between the groups growing 
progressively larger. Table [IX shows the 
gaps that existed between groups by 
showing the differences between the 
durability factors of successive specimens 
(in decreasing order of durability) to- 
gether with the average differences for 
the groups. 

The hypothesis of non-durable aggre- 
gate particles in critical locations was 
presented as a possible explanation for 
the appearance of such clearly separated 
groups in specimens from the same con- 
crete. The only evidence supporting such 
a hypothesis is that the groups appeared 
only in the two concretes that contained 
occasional pieces of non-durable aggre- 
gate that were known to be responsible 
in some cases for failure of otherwise 
sound specimens. 

This point was presented merely as an 
interesting piece of evidence suggesting 
that the two rapid freezing-and-thawing 
methods had brought out differences in 
the specimens that were not originally 
known to be there, a result which would 
be desirable in any method which was to 
be used seriously as a test method. 
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CORRELATION OF SONIC PROPERTIES OF CONCRETE WITH CREEP al 
AND RELAXATION* 


By Tren S. CHANG! AND CLypE E. Kester! 


ah 


This paper presents a method of relating the properties of concrete that 
can be obtained from sonic testing to the creep behavior in compression and 
flexure and relaxation behavior in compression. Valid non-linear mechanical 
models are selected to represent concrete in creep and relaxation and their 
coefficients are statistically related to the sonic properties. A simple procedure 
is also developed to relate the creep of one concrete beam to another under 


different loading. 


The results presented provide a means of predicting creep and relaxation B. 
behavior of concrete from a relatively simple sonic test. 


The purpose of the investigation dis- 
cussed here was to determine if a corre- 
lation existed between the creep and 
relaxation behaviors and the sonic 
properties of concrete. The theory of 
rheological models was used as the 
means of obtaining a correlation. 

Reiner (1)?, Freudenthal (2) and others 
in studies they have made have consid- 
ered concrete to be a viscoelastic ma- 
terial. This concept has not had wide 
acceptance. Nevertheless, if it is correct, 
a correlation should exist between the 
dynamic behavior and static behavior of 
concrete. The authors have previously 
reported successful use of this concept in 
studies of creep of concrete (3). 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1Instructor and Associate Professor of 
Theoretical and Applied Mechanics, respec- 
tively, Univ. of Illinois, Urbana, III. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


see p. 1271. 
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ScoPE OF INVESTIGATION 


Two of the simplest rheological be- 
haviors of any viscoelastic material are 
the creep strain-time relationship under 
a constant load and the relaxation stress- 
time relationship under a constant de- 
formation. Both of these relationships 
were considered together with properties 
obtained from sonic-testing of concrete. 

The investigation included five series 
of tests as follows: 

1. Short-time (up to three days) creep 
in compression. 


2. Long-time (up to seven months) 
creep in compression. 


3. Relaxation in compression. tant 

4. Creep of uniformly loaded beams. 

5. Creep of beams with concentrated 
loads. 

The cylinders used in the creep and 
relaxation studies were tested in a 
resonant type sonic apparatus immedi- 
ately before being subjected to the static 
tests. In the case of beams, the sonic 
properties were obtained from com- 
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SPECIMENS 


All specimens were made with type I 
portland cement and natural aggregates. 
The aggregates are from the Wabash 
River near Covington, Ind., and are part 
of a glacial outwash probably from the 
Wisconsin glaciation. Sieve analyses of 
the aggregates are given in Table I. The 
absorption of the aggregates was about 
one per cent by weight of the surface dry 
aggregates. Both of these aggregates pass 
the usual specification tests. 

Different mixes were used and the 
strength at the time of test varied from 
1100 to 5880 psi. The slump varied from 


TABLE I.—SIEVE ANALYSIS OF 


AGGREGATES. 
Per Cent Passing 
Sieve 

Sand Gravel 
53.3 
24.9 
39.0 
9.5 
1.8 


1 to 8 in. Specimens were moist cured for 
different lengths of time and then were 
stored in a controlled environment at 
76 F and 50 per cent relative humidity. 
Tables II, III, and IV give the slump, 
length of moist curing, mix and age at 
time of test for the various specimens. 
All cylinders were of the standard size, 
6 by 12 in. The beams, subjected to uni- 
form load were 4 by 6 by 100 in., the 
4-in. dimension being vertical. The beams 
subjected to concentrated loads were 6 
by 6 by 64 in. Companion cylinders were 
made with each beam. Some of these 
cylinders were subjected to sonic, creep 
and relaxation tests. 
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EQUIPMENT AND TESTING PROCEDURES 


Sonic tests: 


The sonic apparatus used in this in- 
vestigation and the manner in which it is 
used has been described previously (4). 
The equipment, shown diagrammatically 
in Fig. 1, is used to determine the 
resonant modulus of elasticity and the 
logarithmic decrement—the two sonic 
properties used in this study. 

Important components for these tests 
are the frequency counter and the 
vacuum tube voltmeter. Both are neces- 
sary in determining sufficiently accurate 
values of the logarithmic decrement, 
which is a measure of damping. The 
voltmeter is necessary to assist in ob- 
taining nearly constant power input for 
the various frequencies and to locate 


ORIVER 
POWER 
| AMPLIFIER 
SPECIMEN ' 
FRE | AC. | / 
METER VOLTMETER 
| VOLTAGE 
AMPLIFIER 


Loser 
= 
Fic. 1. Schematic Diagram of Sonic Apparatus. 
frequencies that resulted in amplitudes 
of 0.707 of the maximum, since the 
logarithmic decrement was determined 
as follows: 


tow 
(1) 
where: 
6 = logarithmicdecrement, 
fo = resonant frequency, and 


fi, fe = frequencies on either side of 
_ resonance at which the amplitude 
of vibration is 0.707 of the 
maximum. 


Since the term (f2 — /f;) is small com- 
pared to the magnitude of either f, or fo a 
frequency counter is necessary to obtain 
sufficient accuracy. 
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TABLE II.—EXPERIMENTAL DATA AND RESULTS OF ANALYSIS OF 
CREEP IN COMPRESSION. 
Cur-| age | | 
= | ing- | Sa Dynami Ba 
Mix | | €c, in. perin. 1— meg 
1:3.1:4.5 8 6 | 22 3 780 4.56 X 10°.0.0332 2460) 1.015 X 40. 723 
1:3.1:4.5 6 | 23 560 4.36 0.0333) 2300) 0.872 (0.733 
1:3.1:4.5 6 | 28 |3 790, 4.36 (0.0325, 3000) 1.685 0.692 
Ala4..... 1:3.134.5 8 6 | 30 4 150, 4.34 0.0286; 2650) 0.707 0.731 
Albl. 133.134.5 8 13 | 36 3 900) 4.51 10.0331) 2750) 1.219 0.740 
Alb2.. 133.134.5 8 13 | 42 3 600) 4.68 0.0344) 3230) 1.780 0.730 
Alb3. . 133. 1:4.5 8 13 | 25 |4 180) 4.25 0.0254) 2690) 0.675 (0.680 
Alb4.. 8 13 | 32 |3 870) 4.82 0.0275| 3750) 2.200 0.625 
1°3.1:4.5 8 20 | 93 |4 210 4.64 0.0314) 3180} 1.120 0.719 
1:3.1:4.5 14%4| 6 | 97 |5 630) 4.82 0.0208 3890) 1.061 0.679 
1:3.134.5 144) 6 |100 [5 800) 4.82 0.0185) 4060) 1.261 0.674 
A3bl 13 |216 |4 970) 4.69 0.0225 3000) 0.553 0.704 
1:3.134.5 31%] 13 |221 |4 750) 4.60 0.0268; 2050) 0.264 0.706 
A3b4 173.1335 31%] 13 |280 |4 810) 4.64 0.0201 1485| 0.094 10.713 
Agel..... 1:3.1:4.5 20 | 53 |5 07 | 5.11 0.0268; 4030) 1.303 0.645 
133.1:4.5 20 | 58 |5 320) 4.68 0.0207| 3610) 0.874 0.669 
1:3.1:4.5 20 | 69 |5 880) 5.07 0.0277! 4070) 1.585 0.697 
A4al..... 6 |234 |4 290) 4.55 0.0198) 2470) 1.430 0.740 
A4a2..... 1:3.1:4.5 6 |237 |4 4.50 0.0214) 2120) 0.230 0.722 
A4a4..... 133.1:4.5 6 |247 |4 270) 4.52 0.0206) 2820; 0.440 0.683 
1:3.1:4.5 13 |261 |4 880) 4.70 0.0179} 2680) 0.350 0.733 
A4b2 1:3.134.5 13 |264 4 880) 4.65 0.0178; 3110) 0.546 0.728 
A4b3 314] 13 |266 |4 780) 4.80 0.0181} 3070; 0.450 0.750 
A4c3..... 314) 20 |351 |4 300) 4.65 0.0251; 990) 0.070 0.788 
1:5.0:12.0 6 | 63 |1 100) 2.99 0.0330 955) 1.000 0.742 
D4al 136.727 57 1 6 | 84 |2 900) 4.08 0.0351 1200) 0.294 0.699 
D4a5 335. 737.7 1 6 | 61 |2 300) 4.06 0.0302) 1240) 0.381 0.771 
D4a6 338.737 ..7 1 6 | 61 |2 600) 4.20 0.0302, 1240) 0.273 0.746 
Céa5..... 328. 727.9 1 6 |1 420) 3.02 0.0268} 830) 0.370 0.796 
Cie6..... $26. 727.7 1 6 |113 |1 360) 3.00 0.0218) 830, 0.310 0.752 
D3a4 1 6 |156 |1 480) 2.97 0.0246) 583 0.112 0.790 
D3a5d.. 436..757.7 1 6 |156 |1 340) 3.04 0.0253; 583) 0.134 0.788 
yo 133.124.5 1 7 | 21 {3 700) 5.01 0.0402) 1410 0.190 0.752 
133.1:4.5 1 7 | 21 |3 700) 5.01 (0.0402 1410, 0.190 0.752 
533. 334.5 1 6 | 54 |4 530) 4.89 0.0263) 2470 0.325 0.738 
.... 133.1:34.5 1 6 | 55 |4 720) 5.18 0.0251) 2150) 0.222 0.670 
F3a5..... 1:3.1:4.5 1 6 | 56 |4 900) 5.00 0.0277| 1240 0.106 0.791 
F3a6..... 133.1:4.5 1 6 | 61 |5 500) 5.09 0.0253! 1060, 0.076 0.776 
1:3.1°4.5 1 6 | 50 |4 650) 4.77 0.0278 2470' 0.450 0.662 
F4a2..... 1:3.134.5 1 6 | 53 |4 320) 4.88 0.0226) 3530, 0.808 0.687 
F4a5..... 1:3.1:4.5 1 6 | 47 400) 4.62 (0.0319 1060 0.138 0.756 
F4a6..... 133.1:4.5 \1 6 52 |4 300) 4.85 (0.0296) 1240 0.113 0.754 
| TABLE III.—EXPERIMENTAL DATA AND RESULTS OF ANALYSIS OF 
RELAXATION IN COMPRESSION. 
|Cur-| age | Loga- Initial 
in Dyanmic 
.64 X 1080. 0310 3190 0.094'0.177 
0. 0220) 2300/0.056/0.238 
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The frequency counter was also used 
in determining the resonant frequency 
which was located by observing the 
maximum deflection of the voltmeter. 
The resonant modulus of elasticity in 
flexure was computed using this fre- 
quency and the following formula: 


where: 


E, = 
fo = 


wz 


C = 


resonant modulus of elasticity, 
resonant frequency, 

weight of specimen, and 

a factor which depends upon the 
shape and size of specimen, the 
mode of vibration, and Poisson’s 
ratio. 


All sonic tests were made on 6 by 12-in. 
standard cylinders. To insure repro- 
ducible results, all cylinders were vi- 
brated in flexure in three planes at angles 
of approximately 120 deg to each other. 
This procedure tends to reduce the effect 
of the inherent heterogeneity of the 
concrete and lack of symmetry in the 
shape of the specimen should there be 
any. 


Short-time Creep in Compression: 


All cylinders for short-time creep tests, 
up to three days, were loaded in a 
200,000-lb Universal testing machine 
which incorporated an automatic load- 
sustaining device. The strains were 
measured automatically over the center 
6 in. of the specimen by equipment in- 
volving the use of microformers. The 
time, observed from a stop watch, was 
marked and recorded at appropriate 
intervals on the chart which included a 
continuous record of the load and creep 
strains. The chart, thus, at the com- 
pletion of the test provides sufficient 
information for plotting of creep-time 
curves and other analytical studies of 
creep behavior. For the creep test, the 


cylinders were loaded at the rate of 25 
psi per sec to the desired stress. 


Long-time Creep in Compression: 


Cylinders used for long-time creep 
tests were all loaded in specially designed 
frames as shown in Fig. 2. Each frame 
was capable of loading two cylinders. A 
spring was included in the apparatus to 
prevent rapid relieving of the load as the 
cylinders deformed. Furthermore, the 
spring served as a rather accurate means 
of measuring the load on the specimens. 


Spring 
Cylinder 
Fic. 2.—Apparatus Used for Long-Time Creep 
Tests. 


For each cylinder there was a control 
cylinder which had the same historical 
data as that of the active cylinder, and 
mechanical gage points for Whittemore 
gage readings as well as SR-4 electrical 
strain gages were glued to both the con- 
trol and active cylinders. The Whitte- 
more gage had a 5-in. gage length and 
the SR-4 gages were type A9 having a 
6-in. gage length. A steel control bar was 
used for checking the Whittemore gage 
zero-readings and for obtaining the 
shrinkage of the control cylinders. 
Another mild steel plate was used for 
electrical strain gages for the same pur- 
pose. In general, one pair of Whittemore 
gage points was put on the steel bar, one 
pair on the control cylinder and four 
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pairs on the active cylinder located in the 
center 5-in. of the cylinder and equally 
spaced around the specimen. Two 
electrical strain gages were glued to the 
steel control plate, two on the concrete 
control cylinder, and two on the loaded 
cylinder in the center of the cylinder 
diammetrically opposite each other. 
After initial readings were taken for 
the various gage lines and gages, each 
cylinder to be loaded was paired with 
another and placed in a creep frame as 
shown in Fig. 2. The initial load was 
applied through the spring by an Uni- 
versal testing machine, and the nuts on 
the long bolts were tightened. After load- 


{ 


| 
Fic. 3.—Non-linear Maxwell’s Liquid. 


ing, the cylinders were returned to the 
controlled environment room and read- 
ings taken at appropriate intervals. 


Relaxation in Compression: 


All relaxation tests were made on 
cylinders in a 200,000-lb Universal test- 
ing machine. For each loaded cylinder 
there was a companion cylinder not under 
load used to measure the effect of tem- 
perature, humidity, and shrinkage. The 
relaxation tests were made in the ordi- 
nary laboratory atmosphere. All strains 
were measured by electrical resistance 
strain gages over the center 6-in. of the 
cylinders. 

The cylinder for the relaxation test 
was loaded in a minimum time of about 
30 sec. The strain was noted immedi- 
ately and then maintained at this level. 
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The load was read at predetermined 
intervals. 


Creep in Flexures under Uniform Loads: 


Six beams, 4 by 6 by 100 in., were 
supported on spans of 96 in. The 4-in. 
dimension was vertical. The weight of the 
beams was sufficient to cause creep and 
no other loads were applied. At the center 
of the beams, electric resistance strain 
gages were attached to the top and 
bottom of the beams and Whittemore 
gage points were placed on the sides of 
the beams at four different depths. The 
‘eflection of each beam was measured at 
midspan by 0.001-in. dial gages. For each 
beam tested, companion cylinders were 
used for shrinkage measurements and 
sonic and creep tests. 


Creep in Flexure Under Concentrated 
Loads: 


Two beams, 6 by 6 by 64 in., were sub- 
jected to third-point loading on a span 
of 60 in. A constant load was maintained 
by a lever system and weights. For each 
beam there was a control beam, control 
cylinders and several other cylinders of 
the same concrete which were used for 
sonic and creep tests. The control beam 
was supported on a 60-in. span but with- 
out an external load being applied. 

On both the active and control beams 
at midspan, seven 6-in. type A9 gages 
were used, one each on top and bottom 
and five along the depth of the beam. 
Center deflections were obtained with 
0.001-in. dial gages. 


RESULTS AND ANALYSIS OF DATA 


Creep in Compression: 


Creep of concrete under sustained 
axial compression can be represented by 
either of two non-linear rheological 
models, the Kelvin solid (3) or the 
Maxwell liquid, Fig. 3. A non-linear 
Maxwell model will also describe the 
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in Fig. 3. The equations governing the 
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relaxation behavior and was therefore ¢, = strain of the dashpot, 
considered more satisfactory. « = strain, 

The non-linear Maxwell liquid that o = sustained stress, 
describes the behavior of concrete iscom- ¢ = time, 
posed of a stress-softening spring and a 1 


power-time thickening dashpot asshown *%~ | and is the spring coefficient, and _ 
= and is the dashpot coefficient. 
23 } 
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Fic. 4.—Functions of ¢,, for Creep in 


Logarithmic Decrement, 5 
Compression. 


(c) 
Fic. 5.—Functions of me, for Creep in 
Compression. 


rheological behavior of the model under 


relatively small acceleration are: By letting o be constant and solving 
Eq. 3 the following creep function _ 
results: 


where: where ¢, is the creep strain and /, is the 
creep 
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Fic. 6.—Comparison of Theoretical Creep Curve and Experimental Creep Data for Short-Time 
Tests. 
0.005 
£ 00! 
a 
0.0005 — 
= 0.000! 
a @® 0305 
0.00005 a C506 
* D304 
v 
Q.00001 
r 100 500 1000 5000 10000 50000 100000 500000 
Creep Time, tc, min 
Fic. 7.—Comparison of Theoretical Creep Curves and Experimental Creep Data for Long-Time 
Tests. 
This equation indicates that the creep (5) 


function of concrete is a power function 
of time and therefore the creep curves where: 
will be straight lines when plotted 
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logarithmically. 


From Eq. 4 the following general ex- 
pression is obtained: Mee = 1 — ny. 


Creep Time, te, min 
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Both €-, and m.,. have been shown, by 
dimensional analysis and step-by-step 
approximation, to be functions of the 
percentage of sustained stress, the ratio 
of modulus of elasticity to the ultimate 
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Fic. 8.—Functions of Agr;/oo for Relaxation in 
Compession. 


strength, and the logarithmic decrement 
(3) and are as follows: 


= fla/fc) X g(Ea/fe) X 
me. = f'(o/fo) X g'(Ea/fe) X 
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The close agreement obtained between 
the theoretical curve and experimental 
data is shown in Figs. 6 and 7. J 
‘ 


Relaxation in Compression: 


If the same kind of non-linear Maxwell 
liquid as used in creep is employed to 
describe the relaxation behavior of con- 
crete under axial compression, the 
governing equations will be the same as 
Eq. 3. The solution of these equations 
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Fic. 9.—Functions of nao, for Relaxation in 
Compression. 


for a constant strain and an initia! stress 
of ao is: 


Ao, = 
2m(1 Ny) 


a — 
where: 

t, is the elapsed time the concrete has — 
been subjected to a constant strain. 


If: 


Aor, = — m,) and my, =1—n,, 
These functions are shown in Figs. 4 then 
and 5. Ac, = x & 
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The constants Ag,, and mae, in Eq 8 were 
found for the four cylinders tested. The 
same procedures of dimensional analysis, 
step-by-step approximations, and gross- 
ing of errors were applied to these con- 
stants. The results, though not accurate 
enough so far as statistical analysis is 
concerned due to the lack of sufficient 
data, are quite encouraging in pointing 
out the probable trends of variations of 
these constants with the sonic properties 
of concrete cylinders. 
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asfollows: 
pola 


Ny = 1 — Nac, 


One important point to be noted is 
that the exponent of the time function 
of the thickening dashpot obtained from 
Eq. 10 is generally larger than that 
obtained for creep tests. This is probably 
due to the constant releasing of stress on 
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Fic. 10.—Comparison of Predicted Relaxation Curve and Experimental Relaxation Data. 


The resulting functions thus obtained 
showed that o,,/oo increased with oo/f., 
decreased both with E,/f, and 5; and that 
Nac, decreased with oo/f, increased with 
6 and seemed somewhat independent of 
E./f,. These statistical functions fi, g:, 
In, f, and hi are shown in Figs. 8 and 9. 

The values of Ac,,/oo and mac, can be 
determined from Figs. 8 and 9 and the 
following equations: 


or,/00 = filoo/f) X gi(Ea/fe) X 
Nae, = filoo/fe) X hx(8) 


ot 
_ From the results of the above equa- 
tions the values of n; and , can be found 


the cylinder and the fact that the cylinder 
is sustained at a constant strain rather 
than flowing continuously. 

The good agreement of predicted re- 
laxation curves and actual test data in 


compression is shown in Fig. 10. _ , 
Creep of Uniformly Loaded Beams: : 
Five 4 by 6 by 100-in. beams were 
tested in creep under their own weight 
while simply supported. Since all had 
approximately the same unit weight, the 
loading conditions and the magnitudes 


of loading on these five beams were 
identical. This eliminated one major vari- 
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able in the study of creep of concrete 
under sustained flexure loading. The 
advantage of this is obvious, but there is 
also the disadvantage that no conclu- 
sions can be made from these test data 
concerning the correlations between the 
creep of beams and the loading 
conditions. 

The creep strains* in tension and in 
compression were quite different in 
magnitude. Creep curves for tension and 
compression in beam D4a are shown in 
Fig. 11. This phenomenon of unequal 
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of concrete in compression and in ten- 
sion. It therefore becomes impossible to 
predict the creep of concrete in flexure 
directly from the creep data of concrete 
in axial compression without some 
empirical adjustment unless there is a 


havior of concrete in tension. It is obvious 

that the empirical relationships of these 

creep data can either be applied to the 

creep constants that appear in Eq 6 or 

directly to the sonic properties of their 

companion cylinders. To apply the 
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Fic. 11.—Compression and Tension Creep Curves for Uniformly Loaded Beam D4a. 


creep of concrete in tension and in com- 
pression becomes more evident when the 
distribution of strain across a beam is 
considered with time. Furthermore, the 
logarithmic plots of the mid-span creep 
deflections of the beams, though still 
straight lines, showed distinctly greater 
slopes than those for the cylinders creep- 
ing under constant sustained compres- 
sive stresses. This is due to the total 
angle changes along the span of the beam 
which increase not only with the creep 
of the concrete but also with the shifting 
of the neutral axis due to unequal creep 


3 They are not creep strains in the sense de- 
fined earlier, because the stresses are not con- 
stant across the depth of the beam with time 
when the beam is creeping. 


150000 200000 250000 300000 
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analysis to the creep constants, several 
assumptions must be made, such as the 
initial stress distribution, the relationship 
between the creep constants for compres- 
sion and for tension, and the initial © 
modulus of elasticity in compression and © 
in tension, etc. The limited data available 
do not indicate which of these assump- 
tions may be justified or erroneous. If it is 
assumed that the tensile creep constants — 
are also functions of the sonic properties _ 
and the ultimate strength, then a direct 
prediction of the creep curves of con- 
crete beams should be possible from the 
sonic properties of their companion 
cylinders without detailed correlations 
with the creep behaviors of concrete in — 
axial compression. 
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It is assumed that the resulting creep 
deflections of the beams can still be 
represented by an equivalent model of 
the non-linear Kelvin or Maxwell type 
as for axial compression, then the creep 
curves should also be power functions. 
This possibility was indicated by 
logarithmic plots of the mid-span creep 
deflection and time. Writing this out ex- 
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Fic. 12.—Functions of Ac, for Creep in Flexure. 


plicitly, the creep deflection-time rela- 
tionship is: 


where: 


A. = center creep deflection of the 
beam, 


A., = center creep deflection ati, = 
= creep time. Wh bow 


By applying dimensional analysis and 
taking in account the constant dimen- 
sions and loading conditions of the beam 
the following is obtained. 


= f(Es) X 
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time (A’, 


This equation is obtained by assuming 
that the concrete strength is completely 
defined by the sonic properties.‘ 

Again using the step-by-step approxi- 
mations and grossing of errors methods, 
the functions fo, ge, and are found 
statistically and are shown in Figs. 12 
and 13. The agreement of predicted and ‘ 


experimental results is shown in Fig. 14. 
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Fic. 13.—Functions of ma, for Creep in Flexure. 


Creep of Beams with Concentrated Loads: 


Two 6 by 6 by 64-in. beams were 
loaded at their third points while simply 
supported. The logarithmic plots of the 
data obtained again showed that the 
creep deflections of the beams could be 
represented by power functions of the 
= Merle The creep 
strains along the depth of the beams 
again showed a faster creep rate in the 
tension area. This phenomenon was also 
indicated by the steeper slopes of the 
straight lines of the creep-deflection 
curves as compared to those of their 


* This is not exactly true and is discussed in 
reference (6). : 
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companion cylinders when subjected to 
axially compressive stresses. 

It is obvious that with such a small 
amount of test data, no valid statistical 
study on the direct relationships between 
the coefficients A,, and ma, and the sonic 
properties of their companion cylinders 
can be made as was done for the uni- 
formly loaded beams. Therefore, these 
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dimensions of the beam and the 
loading conditions on the beam. 


For a viscoelastic beam, it is assumed 
that the center deflection of the beam can 
still be represented by Eq 13, only now 
the term E£ is not exactly the modulus of 
elasticity but rather an equivalent 
modulus which depends on the rheologi- 
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Fic. 14.—Comparison of Predicted Creep Deflection and Actual Creep Deflection for Uniformly 


Loaded Beams. 


data were instead related to the values of 
A., and ma, obtained from Eq 12. These 
values were then corrected to the beams 
under discussion by a very simple pro- 
cedure. 

For an elastic beam under load, its 
center deflection will be indicated by an 
expression of the following nature: 


where: 


A., = elastic mid-span deflection, 

E = modulus of elasticity of the ma- 
terial of the beam, and 

K =a constant depending upon the 


cal properties of concrete and the creep 
time. If the beams under consideration 
were loaded to less than 50 per cent of 
their maximum strength, it can be as- 
sumed that the rheological properties are 
independent of the loading conditions 


(that is, the creep of concrete is propor- — 


tional to the sustained stress). This, 
therefore, means that the equivalent 
moduli of elasticity of two concrete 
beams are the same if the creep times in 
consideration are the same for the two 
beams and if the beams are of the same 
concrete. The assumption leads to a 
simple means of relating the creep de- 
flections of a concrete beam to another 
beam of the same concrete. They are re- 
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lated by the inverse ratio of the constants 4d’ = depth of beam with concentrated 
K and K’, which can be determined from loads, 


elastic analysis: w uniform load on beam, 


Il - 


2 K? L = span of uniformly loaded beam, 

= (14) 6 = width of uniformly loaded beam, 
and 

_ A. is the creep deflection predicted d = depth of uniformly loaded beam 


for 4 by 6 by 100-in. beams loaded under 
_ their own weight while simply supported, 
and A‘ is the creep deflection of 6 by 6 by 
64-in. beams under third-point loadings Ac= 0.000514A, = 0.000514Ac,t,"4¢. . (16) 


Substituting Eq 15 in Eq 14, the 
following equation results: 


Creep Deflection, in 
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Fic. 15.—Comparison of Predicted Creep Deflection and Actual Creep Deflection for Beams 
Loaded at the Third-Points. 


while simply supported, then the ratio The creep curves for the two beams 
of K’/K is found from the ratio of their’ tested were then determined from Eq 16, 


elastic deflection constants as follows: which was found to predict the actual 

23 ¢reep data of the beams reasonably well 

129 shown in Fig. 15. 

rc 2... , This seems to strengthen the assump- 
0.000514P.. (15) tin made in saying that the equivalent 

ie a a moduli of concrete beams are the same 


at the same creep time, provided they 


12 ~—s are made of the same concrete and that 
where: they are not loaded to more than 50 per 
P = concentrated load on beam, cent of their ultimate capacities. 
L’ = span of beam with concentrated 
loads, SUMMARY 
b’ = width of beam with concentrated The results of this study indicate that 
loads, there is a relationship between the static 
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and dynamic behavior of concrete. They 
also indicate that this relationship may 
be represented by a non-linear rheologi- 
cal model, in particular the Maxwell 
liquid with a stress-softening spring and 
a time-thickening dashpot. Such a model 
will adequately describe both creep and 
relaxation in compression. 

In addition to time, the results indicate 
that magnitude of creep depends on the 
ratio of sustained stress to ultimate 
strength, the ratio of dynamic modulus 
to ultimate strength and the logarithmic 
decrement. For cylinders loaded to less 
than 50 per cent of the ultimate strength, 
the creep is approximately proportional 
to the percentage of sustained stress (Fig. 
4), The relaxation of load in compression 
of a cylinder held under constant axial 
strain was found to be a function of the 
ratio of initial stress to ultimate strength 
and the logarithmic decrement and is, 
apparently, independent of the ratio of 
dynamic modulus to the ultimate 
strength. The data for relaxation are too 
few to make definite conclusions. 

The behavior of concrete under sus- 
tained flexural loading was found to be 
much more complicated than the be- 
havior under sustained axial compres- 
sion. This is because of, first the strain 
gradient and, second, the different magni- 
tudes of creep in tension and in compres- 
sion. The last item introduces further 
non-linearity to the creep behavior of 
concrete and also causes a shifting of the 
neutral surface which results in an in- 
creased creep rate for concrete in flexure. 
The creep in tension may be as much as 
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three times the creep in compression for 
specimens stored and tested in a constant : 
temperature and humidity room. All 
flexure specimens were at least 23 days 
old before testing. 

Although the data available for creep 
in flexure are meager and are only for 
two different types of beams there is 
indication that the creep deflection curve 
of one type can be predicted from the 
creep curve of another provided both 
beams are loaded to less than 50 per cent 
of their ultimate strength. 

The advantages of being able to predict 
long-time behavior of concrete from tests 
taking only a few minutes are exciting to 
consider. The designer might be provided 
with more complete information on the 
concrete to be used in such structures as 
dams and arches. This would result in a 
better and more economical design. 

Further study is needed to determine 
the feasibility of using the methods de- 
scribed for predicting the behavior of 
different concretes under different en- 
vironments and loadings. No doubt the 
methods suggested can be refined or 
modified to produce better results. 
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THE EFFECT OF WEATHERING ON CERTAIN MORTARS EXPOSED IN 
BRICK MASONRY WITH AND WITHOUT CAPS AND FLASHINGS* 


and flashings. 


Prior to 1936 a considerable number of 
laboratory freezing-and-thawing tests 
had been made at the National Bureau 
of Standards and elsewhere on individual 
brick units, and a few tests were reported 
on mortar specimens cast in non-ab- 
sorbent molds and on small brick-mortar 
assemblages. Differences of opinion had 
arisen both with respect to suitable tech- 
niques for making laboratory freezing- 
and-thawing tests and the relation of 
such tests to the behavior of masonry 
structures exposed to natural weathering. 
An exposure test plot was therefore 
established on the grounds of the 
National Bureau of Standards. On this 
plot during the fall of 1936, 125 small 
piers or wallettes were built for the 
purpose of comparing their behavior 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1Formerly Consultant on Masonry and 
Masonry Materials, National Bureau of Stand- 
ards, Washington, D. C. 
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By J. W. McBurRNeEY 


SYNOPSIS 


An exposure test plot was established at the National or Standards 
in 1936 for the purpose of observing the effect of weather on various masonry 
specimens and materials. As a part of this program there was included a set of 
16 small walls all built from the same brick but differing in the composition 
of mortar (four types) and also in the use of caps and flashings to give four 
types of protection. Photographs were made of these wallettes shortly after 
completion in 1936 and some of the wallettes were again photographed in 1948 
and others in 1952. This paper presents a selection of these photographs and 
considers the durability of the several mortars as affected by the use of caps 


under weathering as masonry with the 
results of laboratory tests on the con- 
stituents of the masonry. As part of this 


program there was included a set of 16 


wallettes designated at that time as 
series B and all built from the same type 
of brick but differing in the composition © e 
of the mortars (4 types ranging from 1:3 
lime putty-sand to 1:4:3 portland 
cement - lime - putty - oand by volume) 
and each type of mortar having 4 types of 
protection ranging from none to a com- 


bination of a metal cap on top of the _ 


wallettes with a metal flashing through 
the mortar bed joint just above ground 
level. Photographs were made of the 
wallettes shortly after their completion 


in 1936 and some of the wallettes were 
again photographed in 1948 and others 
in 1952. A selection of these photographs 
is presented and discussed subsequently. 
This paper discusses the observations 
made during the outdoor exposure 
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A side-cut clay brick made in Wash- 
ington, D. C., was selected for construc- 


MATERIALS 


With No Prot 
With Type A Mortar and Photographed in 1936. 


Fic. 1.—W Laid 


1:1/4:3 cement-lime-sand, by volume. 


tion of the 16 wallettes. The properties 
of the brick used were as follows: com- 
pressive strength 4120 psi average with 
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maximum and minimum of 7900 and 
3630 psi, respectively; water absorp- 
tions by 24-hr cold immersion were 8.7 
12.4, and 4.2 per cent (average, maxi- 
mum, and minimum); the coresponding 
absorptions by 5-hr boiling were 12.3, 
16.0, and 7.3 per cent; the derived satura- 
tion coefficients averaged 0.76 with a 
range of 0.66 to 0.80; the initial rates of 
absorption ranged from 12 g to 35 g aver- 
aging 23 g per 30 sq in. These bricks, 
when received, showed some kiln crack- 
ing on their faces. Exposure tests of 
individual brick, stood on end and half 
buried in the ground, showed no evi- 
dence of disintegration in the period 
1936 to 1952. No efflorescence was de- 
veloped by 7-day wick tests. 

Since a discussion by Mr. E. C. 
Shuman? compares the limitations on 
mortar other than strength given in 
various building codes, the designations 
A, B, C, and D for these mortar propor- 
tions are used since the codes considered 
by Mr. Shuman use these identifications. 
These four mortars A, B, C, and D, 
corresponding to the designations M, 
N, O, and K, respectively, of ASTM 
Specification C 270* were limited in 
composition to mixtures of portland 
cement, lime putty made by slaking 
pulverized high-calcium quick lime, and 
Potomac River masons sand. The 
cement was Government tested material 
conforming to Federal Specification 
SS-C-191. The lime was the lime A 
described by Wells, Bishop, and Wat- 
stein (1)* and was used in certain mortars 
reported by Fishburn, Watstein, and 
Parsons (2,3) and by McBurney, Cope- 
land, and Brink (4). The Potomac River 
sand did not differ significantly in 


2 See p. 1283. 

3 Tentative Specification for Mortar for 
Unit Masonry (C 270-54T), 1955 Book of 
ASTM Standards, Part 3, p. 427. 

4The boldface numbers in parentheses refer 
to the list of references appended to this paper. 
see p. 1283. 
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grading from that reported previously 
(2, 3, 4) and, since the proportions of 
cement, lime, and sand were essentially 
the same, the properties of the mortars 
used in these wallettes can be assumed 
to be the same as those reported in the 
above references. Reference is also 
made to the paper by McBurney (4) 
(Fig. 1) for the frequency distributions of 
test results on mortars A, B, and C. It 
can be stated that all of the mortars 
used in the wallette here reported con- 
formed to the proportion specification of 
American Standard Building Code Re- 
quirements for Masonry (A41.1—1944 
(5)). The weight proportions were 1:0. 
10:3, 1:0.43:5, 1:0.85:7.5 cement - 
lime putty-sand and 1:6 lime - sand 
by weight calculated on the basis of dry 
materials (lime solids in the putty and 
dry sand). The weight proportions were 
intended to give 1:4:3, 1:1:6, 1:2:9, 
and 1:3 proportions, by volume, con- 
forming to the A, B, C, and D mortars 
as then defined. The consistency of the 
mortar was adjusted in accordance with 
the mason’s wishes. 


CONSTRUCTION 


The 16 wallettes were built 4 ft high, 
3 ft long, and 8 in. in nominal thickness. 
Trenches 1 ft in depth were dug and the 
wallettes were built on the compacted 
soil thus exposed. Four types of protec- 
tion afforded by caps and flashings were 
involved as follows: @ no protection; 
b the top covered with a copper cap; 
c a through copper flashing inserted in 
the bed joint one brick course above 
ground level; and d both a copper cap 
and flashing. Photographs of @ and d 
types are given in the next section. After 
completion, the trench was back filled. 

These wallettes were built by the same 
mason who had been employed to con- 
struct some of the large walls reported 
in reference (6) and the same workmanship 
was used. Quoting from that report 
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“characteristics of the work were that 
there was practically no mortar in the 
longitudinal vertical joints, and horizon- 


Fic. 2.—Same Wallette Shown in Fig. 1, 
Photographed in 1948. 


tal mortar beds were deeply furrowed, 
and the brick were laid at a high rate.” 
Also characteristic of this mason’s work 
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Fic. 3.—Completely Protected Wallette Laid 
With Type A Mortar and Photographed in 1952. Fic. 4.—Wallette With No Protection Laid 
Note copper cap, and flashing in bed joint | With Type B Mortar and Photographed in 1948. 
above ground level. 1:1:6 cement-lime-sand, by volume. 


4 
» 


1276 
| 
i 
‘ 
4 i : 
_ 
ie, 
‘| 


McBuRNEY ON WEATHERING MORTARS 1277 


was that the only mortar in the vertical 17 to October 16, 1936. In 1939 a topping | 

joint between the ends of the bricks was of gravel was added to the test plot 

that cut from the bed joints. Tooling of which in some instances brought the 
ground level up to or slightly above the 
flashings in the c and d wallettes. 


EXPLANATION AND DISCUSSION 
OF PHOTOGRAPHS 


The cards originally photographed had 
identified the series B and the mortars 
as 4, 3, 2, and 1 corresponding to the 
A, B, C, and D described below. The 
symbols for type of protection, a, ), c, 
and d were unchanged. The cards shown — 
in the current photographs identify the 
mortar compositions as A (1:3:3 ce- 
ment - lime - sand, by volume), B (1:1:6) 

C (1:2:9) and D (1:3 lime - sand). The 
letters, a, 6, c, and d refer to the type > 
of protection described in the preceding 
section. The }b and c protections are, 
however, not shown in the photographs 
reproduced in this paper. The a and d 
types of protection are referred to in the 
captions as: “no protection” and “‘com- 
pletely protected.” The dates in the 
captions, 1936, 1948, or 1952 refer to the 
dates at which the photographs were 
taken. More exactly these dates were — 
November 26, 1936, August 23, 1948, 
and July 23, 1952. The order of presenta- 
tion of these illustrations starts with 
mortar A through to mortar D. 

Figures 1 and 2 illustrate the effect of _ 
a 12-yr exposure on an unprotected — 
wallette laid with Mortar A (1:3:3). | 
Except for enlargement of the surface 
cracking on the bricks, no effect is visible 
The whitening of the mortar joints varied 
with changes in weather. Figure 3 
illustrates the effect of a 16-yr exposure 

Fic. 5.—Wallette With No Protection Laid on a completely protected wallette also 
With Type C Mortar and Photographed in 1948. jaiq with type A mortar. Note the 
1:2:9 cement-lime-sand, by volume. flashing in the lowest visible bed joint. 
As with Fig. 2, no effect from exposure 
the mortar joints was done on the east _ is noted. In general, the mortar joints in _ 
face of the wallette. The construction capped wallettes (6 and d) were whiter — 
was completed in the period September after exposure than those on uncapped 
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ae > Fic. 6.—Close-up View of Top 7 Courses of Wallette Shown in Fig. 5, Photographed in 1948. 
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wallettes (a and c). Since all of the 1936 mortar. Except for traces of smeared 
photographs were indistinguishable from mortar on the faces of certain bricks, 
Fig. 1 except for their labels and differ- Fig. 4 is indistinguishable from Fig. 2. 
ences in protection, these pictures, with Figure 5 shows the results of 12-yr 
two exceptions, are omitted. Figure 4 exposure on an unprotected wallette laid 
shows the 12-yr exposure of an unpro- 2 

tected wallette laid with type B (1:1:6) J 


a} 


Fic. 7.—Wallette With No Protection Laid 
With Type D Mortar, Photographed in 1936. 


1:3 lime-sand, by volume. 


Fic. 8.—Same Wallette Shown in Fig. 7, 
Photographed in 1948. 
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with type C mortar (1:2:9). Figure 6 is brick, and the coating of calcium car- 
a close-up of the upper part of the same _ bonate film over brick surfaces. The first 


she 4 Fic. 9.—Close-up View of Upper Portion of Wallette Shown in Fig. 8, Photographed in 1948. 


wallette. Note the loosening of the mor- two effects were seasonal. In the warm 
tar surfaces on the top three bed joints, months the mortar would form a thin 
the detachment of the top course of brittle film on its exposed surface but 
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subsequent freezings and thawings would 
loosen this surface from the unhardened 
mortar base. At the end of the first 
winter, the bond of the top brick course 
to the mortar bed had failed as evidenced 
by lack of resistance to slight manual 
lifting, but during the following summer 
most of the bricks had recemented 
(autogenous healing). The bricks again 
became loose during the second winter 
but recementing ceased after the third 
winter. All wallettes laid with type A or 
B mortars showed no bond failures 
through the entire time of exposure. The 
coating shown in Fig. 5 was identified 
as calcium carbonate by its active 
effervescence with hydrochloric acid and 
its insolubility in water. This wall was 
built on September 17, 1936. On Sep- 
tember 24, a total precipitation of 0.07 
in. was recorded by the Weather Bureau 
and on September 30, midnight to 
midnight, it rained 1.45 in. The deposit 
on the surface shown in Fig. 5 developed 
shortly thereafter. 

Figure 7 shows an unprotected wallette 
laid with type D mortar (1:3 lime - sand) 
as it appeared in 1936. Figure 8 is the 
same specimen as it appeared in 1948. 
A close-up of the upper six courses is 
shown in Fig. 9. Figures 8 and 9 show 
extreme disintegration of mortar com- 
pared with the relatively moderate 
attack by weathering illustrated in Figs. 
5 and 6. Note the almost complete dis- 
appearance of mortar in the vertical 
joints in the top courses and also below, 
close to ground level. This is explained 
by the mason’s practice of buttering the 
outside vertical edges of his stretchers 
using only mortar cut from the bed 
joint. Filling of vertical joints to less 
than 3 in. back from the face can result 
from this technique. The locations at the 
top and bottom of the exposure obvi- 
ously are most likely to be saturated with 
water. The portion of the wall between 
these top and bottom sections was rela- 
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tively unaffected. The beneficial effect 
on durability of keeping water out of the 
masonry is most strikingly shown by 
Fig. 10. This wallette, also laid with type 
D mortar but completely protected (d), 


Fic. 10.—Completely 


Protected Wallette 
Laid With Type D Mortar, Photographed in — 
1952. 

1:3 lime-sand, by volume. The flashing is con- 

cealed by the gravel topping. Compare with 
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was indistinguishable from three adja- 
cent wallettes laid at the same time (Oc- 
tober 16, 1936) with A, B, and C mortar 
and recorded in 1952. One of these 
wallettes (A mortar) was _ previously 
shown in Fig. 3. Although not visible in 
Fig. 10 the wallette showed considerable 
disintegration of its mortar joints below 
its flashing and immediately above the 
original ground level. The four com- 
pletely protected wallettes laid with 
mortars A (Fig. 3), B, C, and D (Fig. 10) 
were inspected in January of 1956 (19 
yr and 4 months of exposure) and were 
indistinguishable one from another in 
appearance of the faces between cappings 
and flashings. 

During the first three years, weather- 
ing effects on C and D mortars had de- 
veloped very nearly to the degree shown 
in Figs. 5 and 6 and 8 and 9, which repre- 
sented 12-years of exposure. Tempera- 
ture records provided no evidence for 
assuming that weather conditions for 
the first three years (1936 through 1938) 
differed significantly from that prevail- 
ing during subsequent exposure.° 

The weathering of wallettes with pro- 
tections b (cap only) and c (flashing 
only) can be summarized as follows: 
mortars A and B were indistinguishable 
in appearance from those illustrated in 
Figs. 2 and 4. 

When wallettes laid with C and D 
mortars were protected by caps only, 
evidence of weathering was seen only 
near their bases. These same mortars 
protected by flashing only (c) were 
attacked much as is shown in Figs. 5 and 
8. 


5 The effective weathering exposure condi- 
tions in Washington are considered severe for 
the country at large, excepting those in a 
few mountainous regions. 
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SUMMARY AND CONCLUSIONS | 


Sixteen wallettes 4 ft high, 3 ft long 
and 8 in. in nominal thickness were built 
of one type of brick and three types of 
portland cement - lime putty mortars in 
proportions of 1:4:3, 1:1:6, and 1:2:9 
cement - lime - sand and one 1:3 lime - 
sand all by volume. Protective measures 
were of four types, no protection, a metal 
cap, a metal through flashing and both 
cap and flashing. All wallettes were em- 
bedded 1 ft in the ground. 

Among the principal observations and 
conclusions are the following: 

1. Where both protective caps and 
flashings were used, no significant dif- 
ferences were observed in the weathering 
as rated by visual inspection of the above- 
ground portions of wallettes, regardless 
of the mortar used (1:4:3 cement - lime - 
sand to 1:3 lime - sand). 

2. Where 1:4:3 and 1:1:6 cement - 
lime - sand mortars were used, wallettes 
without caps or flashings showed no 
effect from weathering exposures for the 
duration of the exposure (12 to 16 yr). 

3. Where 1:2:9 cement - lime - sand 
or 1:3 lime-sand mortar were used, 
wallettes without protection showed 
definite evidence of weathering during 
the first three years of exposure. Little 
change was observed during the subse- 
quent 9 to 13 yr. 

4. Protection by means of cap only 
or flashing only were effective in local- 
izing the appearance of weathering 
damage for 1:2:9 cement - lime - sand 
and 1:3 lime - sand mortars. On capped 
wallettes the damage appeared near the 
base of the wallettes whereas flashed 
wallettes showed weathering effects little 
different from those observed on unpro- 
tected wallettes. 
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DISCUSSION 


Mr. E. C. SHuman! (presented in writ- 
ten form)—The interesting paper by 
Mr. McBurney, with a little appreciated 
but simple lesson, recalled the introduc- 
tion of the writer to such constructional 
problems in 1923, when tests conducted 
by the writer over a 2-yr period were re- 
ported before the Engineering Society of 
Wisconsin by Mr. M. O. Withey as 
“Results of Strength Tests on Mortars 
for Masonry Construction Cured in 
Warm and Cold Temperatures.” 

These results indicated a not unex- 
pected lowering of the strength of mor- 
tars when frozen shortly after fabrica- 
tion. In the subject paper it is shown 
that strength adequate for structural 
needs is generally all that is needed for 
durability in weathering if moisture is 
kept out of the interior of the wall. This 
is also illustrated in the accompanying 
Fig. 11 taken recently of a parapet wall 
in a residence where mortar failure im- 
mediately below the leakable coping is 
evident. No such distress was noted 
under the eaves of the adjacent wall of 


! Director, Research and Engineering, Kaylo 
Division, Owens-Illinois, Toledo, Ohio. 


the house which was laid in the same kind 
of mortar. 


Since quality of mortar above some 


point not defined here is not necessary, — 


it is reasonable to ask whether building 7 


codes contain limitations on mortars — 
with respect to durability which are 


the occurrence of moisture within the | 


wall is provided. 


A review of certain of the building _ 


code requirements discussed at length _ 


with Mr. McBurney are of interest. 


The first model code known to the 


author or the writer was the National 
Board of Fire Underwriters’ code of 
1905? which listed three mortars: (1) a 
1:3 portland cement - sand, by volume, 


with the provision that “this shall not __ 
prohibit the use in cold weather of a 
small proportion of lime to prevent the 
(2) a 1:1:6 “ae 
by 


mortar from freezing’’; 
cement-lime putty-sand mortar, 
volume; and (3) a 1:4 lime putty - sand 


mortar by volume. The principal limita- _ 


2 “Building Code Recommended by the Na- 


tional Board of Fire Underwriters,” 1905 Edi- 
tion, 85 John St., New York 36, N. Y. 


it 
ng 
lt 
of 
| 
‘ 
m- 
nd 
if- 
2SS 
e 
Les 
fal i 
no 
he 
nd uate p ion against 
ed 
4 
ng 
tle 
ily 
J a 
al- 
ng 
nd 
ed 
he 
in 
ed 
tle 
ro- 
Sec 


1284 DISCUSSION ON WEATHERING Mortars 


tions on use were “‘All foundation walls, 
isolated piers, parapet walls and chim- 
neys above roofs shall be laid in cement 
mortar and all other walls built of brick 
or stone shall be laid in lime and cement 
mortar mixed.” 

The fourth edition (1920)* of this code 
was unchanged from the first edition 
except that a 15 per cent replacement of 
the portland cement by hydrated lime 
was permitted. Additional limitations 


included the requirement of cement 
masonry for arches over doorways and 
windows and also “hollow block walls 
shall be laid in portland-cement mortar.” 
The definition of hollow brick included 
both concrete block and structural clay 
tile which are referred to as “terra cotta 
block.” 

The ‘Recommended Minimum Re- 


quirements for Masonry Wall Construc- 
tion’’* of the Department of Commerce, 


Fic. 11.—Mortar Failure Beneath Leakable Coping of Parapet Wall. 


3 “Building Code Recommended by the Na- 
tional Board of Fire Underwriters,” 4th Edit., 
Revised Reprint (1920). 


*“Recommended Minimum Requirements 


Building Code Committee (1924) pro- 
vided the following new features: (1) 
the recognition of 1:3 natural cement - 
sand mortar as the equivalent of 1:1:6 
portland cement - lime - sand mixes; (2) 
a special 1:1:4 portland cement - lime - 
sand mortar accepted for masonry built 
of hollow units; (3) the permissible use 
of 1:1:6 mortars for foundation walls 
not less than 12 in. in thickness with the 
added provision (in appendix) that 


foundations “should be waterproofed 
with cement plaster or other effective 
means’’; and, (4) the relations of allow- 
able working stresses to gradings of 
strengths of units laid with the various 
types of mortar. The 1931 modifications 
of these requirements revised upward the 
allowable working stresses for brick 
masonry. These values have been incor- 
porated, with a few minor changes, into 
nearly all subsequent masonry standards. 
An outstanding feature of the Depart- 
for ‘Masonry Wall Construction,” Report of 


Building Code Committee, June 26, 1924. (See 
also ‘‘Modifications” issued March 16, 1931.) 


y 
‘4 ‘ 
1 4 by 
of 


~ 


ei 


ment of Commerce Masonry Code was 
an appendix which summarized much of 
the then available data on masonry and 
masonry materials and gave reasons for 
various provisions and requirements. 
The first edition (1944) of the Ameri- 
can Standard Building Code Require- 
ments for Masonry (A 41.1—1944)® may 
be regarded as an elaboration of the 1924 
Department of Commerce code including 
its 1931 modifications. The 1944 code 
was the first to include specifications for 
the several types of mortar which went 
beyond their definitions in terms of 
proportions of cement, lime and sand. 
This specification for mortar was in 
essence ASTM Tentative Specification 
C270 — 51 T® and included the choice of 
either property or proportion require- 
ments. The designations (A, B, C, and 
D) of the mortar types recognized in the 
1944 code have been universally followed 
in all subsequent model codes insofar as 
designations other than descriptions are 
used. For this reason A (now A-1 and 
A-2), B, C, and D are used in the sub- 
ject paper instead of the corresponding 
M, S, N, O, and K designation presented 
in Specification C 270 — 54 T.? The 1944 
code was the first to recognize type II 
and type I masonry cement in 1:3 
cement - sand proportions as the equiva- 
lents of 1:1:6 and 1:2:9 portland cement - 
lime - sand mortars. The mortars desig- 
nated as A, B, C, and D in the subject 
paper and in the 1944 code are defined 
as 1:4:3, 1:1:6, 1:2:9 portland cement - 
lime - sand and 1:3 lime - sand propor- 
tions, by volume, and are not referred to 


5 Tentative Specification for Mortar for Unit 
Masonry (C 270-51 T), 1951 Supplement to 
Book of ASTM Standards, Part 3, p. 153. 

6“American Standard Building Code Re- 
quirements for Masonry”’ approved Jan. 22, 1944 
by the American Standards Association as 
American Standard A 41.1—1944. (Issued as 
Miscellaneous Publication M 174 by the Na- 
tional Bureau of Standards.) 

7Tentative Specifications for Mortar for 
Unit Masonry (C 270-54T), 1955 Book of 
ASTM Standards, Part 3, p. 427. 
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as masonry cement mortars. A, B, and 
D will be recognized as the equivalents _ 
of the three mortars discussed in the pre- 
ceding references up to 1944. 

The restrictions on the use of mortar 
in this code are quoted below: 


“Types of Mortars Required—Masonry 
shall be laid in type A, type B or type C y 
mortar, except as follows: 

“(a) Type A mortar shall be used in | 
nominal 10-in. cavity walls, foundation walls 
of hollow masonry units, and masonry lin- 
ings of existing masonry walls. 

“(b) Type A or type B mortar shall be 
used in footings, foundation walls of solid 
masonry units, isolated piers, load-bearing - 
or exterior walls of hollow masonry units, 
hollow walls of masonry, and cavity walls 
exceeding nominal 10-in. thickness. 7 

“(c) Type D mortar may be used in solid 5 : 
masonry walls, other than parapet walls or — 
rubble stone walls, not in contact with 


soil and not less than 12 in. thick nor more 

than 35 ft in height, provided the walls are — 
laterally supported at intervals not exceed-— 
ing 12 times the wall thickness.” 


The 1953 revision of A 41.1% is very 
little changed from the 1944 code. The } 
specification for mortar in the original 
edition is now replaced by reference to — 
ASTM Designation C 270-52 T.® The 
1944 and 1953 standards are identical 
with respect to types of mortar permitted J 
with the exception that the A mortar of = 
A 41.1—1944 is now replaced by A-1 (the > 
original A) and A-2 (1:43:43) and the 
requirements for types of mortar per-_ 
mitted (previously quoted) are replaced 
by a table. ore 
This table is incorporated in the 1955 _ i 
edition of the National Board of Fire — 


8“*American Standard Building Code 
quirements for Masonry’? approved Sept. 
1953 by the American Standards Association as _ 


Miscellaneous Publication M 211 which super- | 
seded M 174 above.) ; 

® Tentative Specifications for Mortar for | 
Unit Masonry (C 270-—52T), 1952 Book of 
ASTM Standards, Part 3, p. 383. 
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Underwriters National Building Code’? 
and is the golden anniversary of their 
1905 edition.” 

The 1953-54 Revision of the Southern 
Standard Building Code" in Section 
1402.17 presents without change the 
material on “types of mortar required”’ 
given in the 1944 edition of A 41.1.5 

The Basic Building Code (1955) of 
the Building Officials Conference of 
America is unusual in that there are few 
limitations on the use of the three types 
of mortars mentioned in this standard. 
These three types of mortars are “ce- 
ment” (1:3:3), cement lime (1:1:6) and 
lime. The lime mortar includes propor- 
tions from 1:3 lime-sand to 1:2:9 
cement - lime - sand. Cement or cement- 
lime mortars are required for masonry 
unit footings. Appendix K-1 of this code 
follows in part material in A 41—1953 
and like that standard, omits values for 
allowable compressive strength for ma- 
sonry built of hollow units with lime 
mortar. 

The first edition of the Uniform Build- 
ing Code of the Pacific Coast Building 
Officials Conference was issued in 1927. 
The 1943 edition recognized only two 
cement-lime mortars which were 1:}4:3 
and 1:3:43 cement -lime -sand, by 
volume, respectively. The next edition 
(1946) lists these two mortars now called 
A and B, and a third mortar which could 
be either 1:1:6 or one part type II ma- 
sonry cement to 3 parts sand, by volume. 
From the table of working stresses in 
unreinforced masonry it may be con- 
cluded that with the exception of grouted 


10“National Building Code 1955, Golden 
Anniversary Edition Recommended by the 
National Board of Fire Underwriters,’’ 85 John 
St., New York, N. Y. 

“Southern Standard Building Code,” 
1953-1954 Revision, Southern Building Code 


Congress, Brown-Marx Building, Birmingham, 
Ala. 

12 “Basic Building Code,” (1955) Building 
Officials Conference of America, Inc., New York, 
N. Y. 
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masonry the code had no limitations 
other than strength with reference to 
choice of mortars. The 1955 edition" 
combines A and B of the 1946 code into 
one mortar (A) and defines B as 1 part 
portland cement to } to 1 parts lime and 
the usual 3 parts of sand to the sum of the 
cement and lime. The 1:3 type II 
masonry cement-sand mortar is now 
called C and has the same minimum 
compressive strength at 28 days as the 
B mortar. A new mortar D is defined as 
1 cement, 1} to 2 lime and the usual 
proportion of sand. The limitations are 
“masonry used in foundation walls and 
footings shall be laid up in type A mortar. 
Type D mortar shall be used only in 
interior non-structural walls.” 

In terms of the A-1, A-2, B, C, and D 
mortars of A 41.1—1953* the require- 
ments of the five current “model codes” 
here considered can be summarized with 
respect to durability requirements of 
mortars as follows: A-1 and A-2 have no 
limitations, B mortar is permitted for 
foundation walls of solid units by A 41.1 
—1953, the National Code and the 
Southern Code. The Uniform Code does 
not permit B mortar for foundation walls 
and footings and requires A-1 and A-2 
mortars for such locations. The same 
code restricts C mortar to interior use 
and does not recognize D mortar for 
any purpose. The Basic Code recognizes 
A, B, and D mortars and apparently has 
no restrictions based upon durability. 

From the preceding summary and 
omitting consideration of restrictions on 
use of types of mortar given in current 
building codes which are obviously based 
upon strength or structural requirements, 
the results of the exposure tests reported 
by the author are believed to warrant the 
following comments on the building code 
requirements. Since the current Na- 


13 niform Building Code,” 1955 Edit., Vol 
1, Pacific Coast Building Officials Conference, 
610 South Broadway, Los Angeles 14, Calif. 
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tional,’ Southern," and American Stand- 
ard Building Code Requirements for 
Masonry® are alike in their restrictions 
on mortar, these three standards will not 
be discussed individually but will be re- 
ferred to as ASA requirements. Types 
A-1 and A-2 mortars are combined as 
A for the purposes of these comments. 

The behavior of A and B mortars 
(American Standard A 41.1) exposed in 
brick masonry without protection war- 
rant their use in foundation walls of solid 
units. The prohibition of B mortar in foot- 
ings and in foundations, piers, and walls 
subject to high wind pressure when built 
of hollow units is based upon strength 
requirements. 

2. The permissible use of C mortar in 
exterior walls of solid units and D mortar 
where there are limitations on minimum 
thickness and where there are more rigid 
requirements for. lateral support appear 
justified from the behavior of these two 
mortars in wallettes completely pro- 
tected d. A properly designed exterior 
wall would be considered to include pro- 
tection at the tops either by a flashing 
or by overhanging eaves, and does not 
come in contact with soil at its base. 

3. The restrictions: on mortar for 
parapets other than the prohibition on 
the use of D mortars for this purpose in 
the ASA requirements were found in the 


1905? code. Unless a highly impermeable 
coping protects the parapet, failure of 
bond between mortar and units may take 
place if C mortar is used, and may oc¢ur — 
in others as Fig. 11 illustrates. 

4. The advice in the Department of 
Commerce Recommendations‘ that B 
mortar in foundations be waterproofed — 
by cement plaster is excellent from the — 
standpoint of preventing permeation of — 


water but seems unnecessary with re- | 


spect to durability. 
5. The Basic Code" is standard inso-— 


far as it provides limitations on the use _ 


of mortar. It could be interpreted as per- 
mitting D mortar for all uses except ma- 
sonry unit footings and foundations. 


6. The Uniform Code™ prohibits mor- _ 


point of durability, this might be unduly — 
restrictive in view of the results on com-_ 
pletely protected masonry reported in— 
Mr. McBurney’s paper. 

Since the subject paper and other 
inspections indicate the highly beneficial 
effect of a continuous impervious layer 
or sheet at the top of masonry walls, 
particularly parapet walls, it is sur- 
prising to the writer that this layer or 
sheet as a requirement has been over- 
looked both in codes and in the education 
of specification writers. 
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seem advisable have been outlined. 


Field experiments to determine soil densities by means of radioactive iso- 
topes yielded numerical values with inherent random errors. Statistical anal- 
yses are described with the main purpose to determine parameters of the 
equations which govern the “best fit’ lines, that is, correlate soil density, 
transmitted radiation intensity, and distance between radiation source and 
detector. Effect of the primary beam is discussed and further studies which 


Methods of statistical analysis (1)? as 
an engineering research tool are gaining 
steadily in importance. 

Studies with gamma ray transmission 
to determine soil densities (2,3,4,5) 
yielded experimental values which, due 
to the type of measurements involved, 
contain inherent random errors. 

In order to develop so called “‘best fit”’ 
equations, a statistical analysis was 
made, based on extensive laboratory and 
field tests. 

The paper represents a continuation 
of experiments described previously 
(3,4). All field tests are made with im- 
proved instruments based on experiences 
gained from these earlier investigations. 

The studies are restricted to 13 differ- 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

1 Professor of Engineering Mechanics, Former 
Research Assistant in Instrumentation, and 
Former Research Assistant in Civil Engineering, 
respectively, Rutgers University, The State Uni- 
versity of New Jersey, College of Engineering, 
Bureau of Engineering Research. 

2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1299. 


ent inorganic soils (6) available in the 
state of New Jersey and usable for vari- 
ous structural purposes. 

The main objective of this statistical 
analysis was to derive the parameters of 
general equations comprising three sig- 
nificant variables: 

1. Soil density, p, (wet soil density in 

lb per cu ft), 

2. Transmitted radiation intensity /, 

in cpm as random variable, and 

3. Distance x, in ft between radiation 

source and radiation detector taken 
at arbitrarily selected values. 

Equations used in the statistical 
analyses are summarized. 

As radiation, source radioactive cobalt 
(Co) of approximately 50 millicurie and 
as a detector, a scintillation crystal (so- 
dium iodide, thallium activated) in com- 
bination witha scaler unit were available. 


Technique: 


Instrumentation—In the previously 
described laboratory experiments (3, 4) 
it was possible to measure the distance x 
source and detector 


: 
“i FURTHER DATA ON GAMMA RAY TRANSMISSION THROUGH SOILS* 
By R. K. BERNHARD,’ M. CHaAsek! AND P. 
4 
r 
; 
at 


a Bottom plate with 5 holes for 1- 2- 3- and 


e Scale indicating depth of source and de- a 


4-ft source-detector distances. tector below soil surface. 
b Lead container for radiation source. f Access tube inserted to lower radiation f 
c Plastic container for detector. source. 
d Counter to register output of detector. g Access tube inserted to lower c. 7 
Fic. 1.—Set-up for 3-ft Source-Detector Distance Ready for Lowering Source and Detector to Re- : SS 


quired Depth below Soil Surface. = ava 


+ 


L 
l 


| 


+ 
® 
' 


d 
View B-B View A-A 


j 
) a Radiation source container. g Handle bars to move ¢ and a. : 
: b Radiation detector. h Bar with padlock to secure a in c. - 
Lead container for a. Access tubes for and b. 
r d Bottom plate. k Bar to hold a and b at required depth. 
e Winding mechanism. l Scale to indicate depth of a and b below | 
f Frame to support e. soil surface. : 
Fic. 2.—Set-up for 3-ft Source-Detector Distance. Source and Detector Lowered below Soil Sur- as. 
ace. 
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rather closely; in the field it is more diffi- 
cult to control this distance accurately 
enough. To overcome this difficulty the 
instrumentation had to be improved. 
The general set-up is indicated in Figs. 
1 and 2. It consists mainly of an alumi- 
num frame equipped with a winding 
mechanism to lower radiation source 


a Bottom plate. 

b, c Access tubes inserted for 3-ft source- 
detector distance. 

d Auger to drill hole in soil for access tube 
at 2-ft source-detector distance. 
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of 2.50 in. lead. A lockable bar prevents 
any unauthorized removal of the radia- 
tion source. Only the scintillation crystal 
of the detector unit is equipped with a 
directional shield acting as collimator. 
Both radiation source and detector were 
enclosed in plastic tubes of 3.50 in. out- 
side diameter and could be lowered 


e Centering disk for d. 

f Decade counter comprising: Electronic 
register from 1 to 10° counts, mechanical regis- 
ter from 10° to 10° counts and pre-set timer. 


Fic. 3.—Set-up to Drill Holes into Soil for Access Tubes at Required Source-Detector Distance. 


and detector simultaneously to the re- 
quired depth below the surface. 

Figure 3 demonstrates the drilling of 
holes for the access tubes through open- 
ings in the bottom plate. These openings 
kept the access tubes rigidly at either 
1, 2, 3, or 4 ft distances. 

Details of the radiation source con- 
tainer and detector are shown in Figs. 
4, 5, 6, and 7. During transportation the 
radiation source of 50 millicurie Co® is 
shielded in all directions by a minimum 


simultaneously into access tubes of 4.50 
in. outside diameter. No attempt was 
made at this time to reduce these diame- 
ters. 

Correction Factors—At.a distance, x, 
of 4 ft between radiation source and de- 
tector the scaler had to operate at that 
voltage which produced the largest 
source to background ratio. This oc- 
curred at High Voltage Control Settings 
(H.V.C.S.) on the scaler of 860 (Fig. 8). 

For 3-ft distance, x, the scaler voltage 
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had to be decreased to a H.V.C.S of 600 
(Fig. 9). At this lower voltage the radia- 
tion counting rate was reduced to slightly 
below the maximum permissible speed of 
the mechanical counter on the scaler. 
However, lowering the voltage required 


Section B-B 


Section A-A 
a Irradiated Co® wire. 
b Lucite cylinder for a. 
c,d Lead cylinders shielding top and bottom 
of a. 
e Housing (plastic uscolite) for a,b,c, and d. 
f Lead shield for e. 
g Handle bars to transport 
h Safety locks to hold e in f. 
i Supports for f. 


Fic. 4.—Radiation Source Container. _ 


a correction factor. This correction factor 
applies to readings of x of less than 4 ft 
to make all counts comparable. 

Let the correction factor be defined by 
the ratio of counts at 860 H.V.C.S for 
x = 4 ft to counts at any lower H.V.C:S. 
In Fig. 10 are plotted on the X-axis the 
H.V.C.S and on the Y-axis the cor- 
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responding correction factors. At x = 3 
ft or H.V.C.S = 600, the correction 
factor becomes 11.17, the best operable 
range. For values of x less than 3 ft, how- 
ever, the correction factors increase too 
much for accurate determination of the 
transmitted radiation intensity. This 
difficulty can be avoided by (1) using a 


Section A-A 
a Scintillation crystal (sodium iodine thal- 
lium activated). 
b Photomultiplier tube. 
ec Directional shield (lead collimator for a). 


d Housing (plastic uscolite) for scintillation _ 


unit. 
e Preamplifier (cathode follower). 
f Metal shield. 
g Rubber rings. 


Fic. 5.—Radiation Detector. 


tronic decade scaling strip, or (2) reduc- | 
ing the strength of the radiation source 
for example interposing a lead shield — 
between source and detector. ; 

A second correction factor is necessary _ 


« Fass 
2 

[ sry - Nie 

= 4g 

& 
s 
| 

—— 
, scaler with higher permissible counting 

). 


Detector Parts: 


a Steel cylinder containing photomultiplier tube and preamplifier (cathode follower). 
b Scintillation crystal (sodium iodide thallium activated). 


c Plug for cable connecting I to counter. 
d Housing (plastic uscolite) for a and b. 
e Cover (aluminum) for d. 


f Scale indicating depth below soil surface to be attached to e. _ 
= 


Source Parts (Inner Cylinder): 


g Lucite cylinder for irradiated Co®™ wire. 


h, i Lead cylinders shielding top and bottom of g. 


k Housing (plastic uscolite) for g, h, and 7. 
l Cover (steel) for k. 


Fic. 6.—Detector and Source Disassembled. 


to compensate for the radioactive source 
decay. The decay extended over the 
4-month testing period. This correction 
factor can be determined as follows: The 


equation for the basic radiation law is: 
ON ) 


where: 
N = number of atoms finally present, 


NV, = number of atoms initially pres- 


ent, 
\ = decay constant, and 
¢ = time of decay. 
Let T = half-life time = 5.30 yr for 
Co®, 


24 


then .V = 


and = In2 = 0.093 = 0.1308. 
5.3 
N 


Hence, F = where F 
relation factor. 


Finally the monthly corrections due to 
decay are: after the Ist month = 


1.012, after the 2nd month = 


. 
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| 

| 

= 

: cor- 

: 

6 

= 
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0 .1308 
1.021, after the 3rd month = —- = 


e? -1308 


1.032, and after the 4th month = 


= 1.043. 
Calibration.—In contrast to the labora- 
tory tests, for all field experiments only 


a Isotope container. 
b Bottom plate. 
c Cart for transportation of a. 


SION THROUGH SOILS (1293 
Regardless of the source of these devi- 

ations, the sand cone method limits the 

accuracy of any comparison with radia- 

tion methods. 
In Fig. 11 some of the experimental 

values obtained from field investigations 

are summarized. Again on the X-axis the 


d, e Handle bars for moving a from c to b. 
f Bar to lock radiation source in a. 
g Pad lock preventing disengagement of f. 


Fic. 7.—Isotope Container on Transport Cart. - 


the sand cone method could be used to 
calibrate soil densities versus counter 


8. readings. The probable error of several 
sand cone density determinations aver- 
r- aged +2.5 lb per cu ft. 


This error was due partly to the in- 
herent inaccuracy of the sand cone 
method and partly due to the inhomo- 
= geneity of the soil in each test bed. This 

inhomogeneity could not be avoided in 
= spite of careful mixing of the soil before 
placing it into the various beds (6). 


wet soil density, p, in lb per cu ft is 
plotted, using a linear scale. On the 
Y-axis the measured radiation intensity, 
I, in cpm, as transmitted through 13 
types of soils, has been indicated, using 
a logarithmic scale. All counter readings 
are multiplied with the corresponding 
correction factors and the background 
level has been subtracted. 

Source detector distances, x, of 3 and 
4 ft were selected. The geometrical setup 
remained identical for all field measure- 
ments. 
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Scattering was considered small through the soil in cpm, and where 
enough to use equations for the primary the three unknown parameters are: 
beam only (4). a, = composite constant depending 


mainly upon initial intensity of 


NAL AST SQUA 
STATISTICAL ANALYSIS (LEAST SQUARE radiation source and a specific 


METHOD) c. distance between source and de- 
The general equation applied for the tector, 
statistical analysis is: dz = exponent taking care of the re- 
Zink duction of transmitted radiation 
energy with approximately the 
which can be written in the form: ? square of the variable distance, 
Zin J Inx = Fa, Inx + (In x)? x, and 


43 = constant depending upon the ab- 
a sorption coefficient of the trans- 

or mitting medium. 
= In I(px) = + In x The purpose of the statistical analysis 
is the determination of the parameters 


+ (px)? a, and a3. The physical concepts 
where the three variables are: which led to the derivation of these 
p = wet soil density in lb per cu ft, equations are described elsewhere (3, 4). 
x = distance between radiation source Parameters a, a2 and a3—Solving 


and radiation detector in feet, and these equations for a; , a2, a3 by deter- 


J = transmitted radiation energy  minants yields: 
n Zinzx px A 
Zinx > (in x)? In x(px) 


Z(px) (px)? 


pxinI (px)? 


ar 


> (In x)? Inx 
> px > px In x = In I (px) 


A 


The values based on experimentally obtained data for J (Fig. 1) and referring to 
the distance x for 3 and 4 ft are used in the numerical solution of Eq 3. 

By substituting the = values to determine denominator A, numerators A, , A2, 
and A; into Eqs 4, 5, and 6 follows: 


i 
al 
he 
4 
7 
# 
aly 4 
A 
<3 
A 
4 
x »t* 
+ 
. 
‘ ‘ 


A = 25.9476 
8,016.2 
251. 10907 
A = 305. 19921 
93 ,636.98 
a 21 
= 25.9476 
8,016.2 
21 
8,016.2 
As 
io 


Thus, the equation for the transmitted 


2.80136 X 10° 
2.08716 XK 105 


intensity becomes from Eq 2: 


In J = 25.30721 — 6.67831 In x — 0.134220px 


or solving for p 


1888.6 


x 


In J 


p= 


The parameter a; + 0.0134 ft? per lb, Standard Error of Estimate: + 
represents the experimentally obtained The standard error of estimate, ove, : +: 
mass absorption coefficient. This value (an be determined from the following  —__ 
for a; lies between the theoretical py, (4) 
equation (1): , 
for the primary beam only and the theo- -4 aes! 
retical for the primary beam and 7% 
the scattered photons. Hence: 
ij where: 
i 00636 < 0.0134 < 0.025 od = total number of observations, 
i = observation number, and 
it must be kept in mind that the » = parameter number. ae 
source used in the field experiments was Equation 8 yields form = 21: 


not collimated. Therefore, 
a; did not approach the 


mental p = 


— 4305 — — 491.46 — 
x 


In x 


(7) 


the experi- 


theoretical upper limit of yu, . 


This standard error of estimate is low 
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25.9476 8,016.2 
32.4939 10,067.9893 
10,067 .9893 3,144,409.3 
25.9476 8,016.2 
32.4939 10,067 .9893 
10,067 .9893 3,144,409.3 
251. 10907 8,016.2 
305. 19921 10. 067.9893 
93,636.98 3,144,409.3 
25.9476 251.0907 
32.4939 305. 19921 
10,067 .9893 93,636.98 
5.28202 X 108 
+25.30721 
2.08716 X 108 * 
39 6 
_ _ 1.39387 X 10° 
2.08716 X 105 


13420 X 10° 


“Best-Fit Values” (x = 3 ft and 4 ft): 


Arbitrarily selected values of J for x 
equal 3 and 4 ft are evaluated. From each 
set of values the soil density, p, can be 
determined using Eq 7. 

The finally obtained values for p are 
-_ connected by straight lines in Fig. 11. 


=> 
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= +2.08716 XK 10° 


= 0.0989 


of = +5.28202X 108 
—1.39387 X 108 i if 
q 
1€ = —2.80136 X 10 
is t= 
Pos 
rs 
r- 
5) 
5) 
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when compared with o,. = 0.1159 gained 
from previous laboratory experiments 
and o,¢ = 0.251 obtained in earlier field 
tests (4). 

Both the preceding laboratory and 
earlier field investigations were made 
without the improved technique de- 
scribed above. 

From os = 0.0989 follows that the 
transmitted radiation intensity, 7, varies 
between the limits: 

Te-9-0989 < < [¢*0-0989 
0.9067 < 1 < 1.1042, 
where 7 represents the so-called “best 
fit” for J. 

The standard error of estimate means 
that about 68 per cent of all experi- 
mental points will fall within the above 
limits. At « = 3 ft the deviation in 
terms of p would be approximately +2.3 
per cent. 

Selecting an average soil density of 100 
lb per cu ft, a deviation of +2.3 per cent 
is equal to +2.3 lb per cu ft. Keeping in 
mind that the sand cone method yielded 
a probable error of the same magnitude, 
it seems reasonable to assume that the 
radiation method is apparently the more 
accurate of the two. 


Results: 


For the soils investigated so far Eq 7 
represents an adequate solution of the 
correlation between wet soil density and 
measured radiation intensity regardless 
of the type of soil acting as transmitting 
medium. 

Errors in the horizontal distance or 
differences in the depth below soil sur- 
face of source and detector cause faulty 
results. The improved technique has re- 
duced these errors as can be deducted 
from the decreased standard error of 
estimate. 

Larger source detector distances inte- 
grate the soil density regardless of inclu- 
sion of insignificant soft or hard spots 
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(stones). Furthermore, larger values of x 
avoid the pitfalls of spot checks inherent, 
for example, to the sand cone method. 
Finally, larger distances require less ob- 
servation points. 

Shorter source detector distances, how- 
ever, may become necessary in case small 
contact areas (machine foundations) are 
sensitive to localized soft spots. 

It must be clearly understood that so 
far the radiation method represents 
rather a supplement to conventional 
methods than a foolproof substitute. 

Investigations are under way studying 
radiation methods to determine dry soil 
density directly. Pilot tests combining a 
Ra-Be source emitting y-rays and neu- 
trons and a lithium iodide (europium 
activated) crystal detector with and 
without cadmium shield showed promis- 
ing results. 


CONCLUSIONS 

1. Statistical analyses become almost 
indispensable for investigation in the 
realm of isotopic disintegration processes, 
in particular for cases where random 
values predominate such as measure- 
ments of radiation energy transmitted 
through soils. 

2. When determining the three param- 
eters inherent to equations governing the 
relationship between soil density, trans- 
mitted radiation intensity, and distance 
between radiation source and detector, 
the third parameter representing the 
absorption coefficient is of particular im- 
portance. 

3. The nonavoidable inaccuracy of the 
standard sand cone method imposes 
certain limitations to ‘any comparison 
with radiation methods. 

4. Further analyses referring to the 
effect of primary beam and scattering, 
and investigation to correlate laboratory 
and field experiments are necessary. 

5. The Eq 2 is not completely justi- 
fied from the physical point of view, due 
to the assumption that the measured 
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radiation intensity J is the random vari- 
able and the soil density p, a variable 
taken at fixed values. 

Further investigations might indicate 
that the reverse will yield more reliable 
values, that is, in combination with im- 
proved radiation counters, J, will become 


a variable taken at fixed values and p, 
the random variable. 
7 
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Mr. C. H. Scuorer.'—Is the ordinary 
laboratory technician allowed to use this 
kind of material or must the work be 
done through some authorized radiation 
laboratory when dangerous radioactive 
materials are involved? 

Mr. R. K. BERNHARD (author).—Be- 
fore starting experiments with radioac- 
tive material, authorization from the 
U. S. Atomic Energy Commission has to 
be obtained. Similar to X-ray inspection 
methods where radiation and additional 
high-voltage hazards exist, the operator 
has to be familiar with the required 
safety precautions. 

Mr. M. D. Morrts.2—The authors 
compare the gamma ray method with 
other density methods. Were any results 
obtained by (and if so, were they in any 
way comparable to) a balloon density 
method. Nothing was mentioned of this, 
only sand cone correlations. 

Mr. BERNHARD.—Only comparisons 
with the standard sand cone density 
method have been made so far. 


Mr. Morris.—I do not know myself, 
1 Professor of Applied Mechanics, Kansas 
State College, Manhattan, Kan. 

2 Eastern Representative, 
New York, N. Y 
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DISCUSSION 


but there will soon be a paper to com- 
pare the methods. I would be interested 
to hear first what that has to say. 

Mr. ROBERT Horonjerr.*—How near 
the surface is the equipment reliable? 
Could measurements be made about 4 in. 
below the surface? 

Mr. BERNHARD.—No_ experiments 
have been made with the direct trans- 
mission methods at depths of less than 
6 in. below the soil surface. It is our un- 
derstanding that instruments have been 
developed which can be placed on the 
surface and reach a depth of about 6 in. 
These instruments are based however 
on the back reflection principle. 

(Authors’ closure).—Methods ought to 
be found for wet and dry soil density 
determination which are more accurate 
and faster than the procedures known so 
far. Whether radiation or other principles 
will prevail remains to be seen. Commit- 
tee D-18 on Soils should encourage all re- 
search in this direction. The authors 
would be highly gratified if their studies 
have created enough interest to foster 
further investigations in this line. 


3 Institute of Transportation and Traffic 
Engineering, University of California. 
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EVALUATION OF LIME FOR STABILIZATION OF LOESS* 


By J. G. Lacuros,' D. T. Davipson,' R. L. HANpy,' anp T. Y. Cut! 


SYNOPSIS 


In lime stabilization of soils it is recognized that there are wide variations 
between different soils, and treatments are adjusted accordingly. In view of 
this complication it has been reassuring to the soil engineer that he could look 
on lime as lime and not have to worry about it. Now, research shows that 
some limes are more effective than others, and data in this paper emphasize 
the need for testing and evaluating a lime to determine its optimum use. Test 
results with lime-stabilized loess are related to calcium:magnesium ratio in 
the lime and to the use of quicklime versus hydrated lime. On the basis of com- 
pressive strength, quicklime appears to be more effective with loess than the 
equivalent amount of hydrated lime, and dolomitic lime is more effective than 
calcitic lime. The greater effectiveness of dolomitic lime is also indicated in 
artificial lime mixtures. Data are given comparing the California Bearing Ratio 
(CBR), plasticity indices, and shrinkage limits obtained after treatment with 


hydrated lime and quicklime. A high-temperature curing study is also in- 
cluded. 


In Iowa and adjacent states, loess of 
Wisconsin geologic age is a major sur- 
ficial material, and a method for treating 
loess to make it suitable for road base 
course construction would be highly 
desirable. With this objective in mind, 
research has recently been conducted in 
Iowa with lime. It is interesting to note 
that one of the first field tests of lime 
stabilization was a lime-loess road con- 
structed in the 1920’s (7)? in southwest 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 
' Instructor of Civil Engineering, Professor 


Iowa. Parily due to the lack of a wearing 
surface, that road failed. The laboratory 
work described in this paper extends over 
the past several years and re-examines 
the feasibility of lime-loess construction 
in southwest Iowa. Samples of loess 
were carefully chosen to represent the 
friable to plastic range, and tests were 
conducted using a number of varieties 
of lime. In the comparisons, some in- 
teresting differences were found, particu- 
larly with reference to the lime, and 
contrasts could be made between quick- 


of Civil Engineering, Research Geologist of the 
Engineering Experiment Station, Iowa State 
College, Ames, Iowa; and Associate Professor of 
Civil Engineering, New York University, New 
York, respectively. 

2? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


lime and hydrated lime and between — 
calcitic and dolomitic lime. The purpose 
of this paper is thus twofold: to resolve 
the question of the suitability of lime for 
loess stabilization and to point up the > 
variable effectiveness of different limes. 
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TABLE I.—BRIEF DESCRIPTION OF LOESS SAMPLES. 


Sample 20-2 (IV) Sample 44A-1 


Harrison Co. Fremont Co. 
ieologic } Friable Loess Plastic Loess, 
icknes Over 100 ft 15 to 20 ft 
Soil Series Hamburg Marshall 1 
Horizon C Cc 


Engineering Classification (Am. Assn. State- 
Highway Officials)* A-4 (8) A-7-6 (18) 


“Standard Specifications for Materials for Embankments and Subgrades (M 57-55), 1955 
Standard Spec. for Highway Mats., Part I, p. 54. 


IL—PROPERTIES OF LOESS SAMPLES. 


Sample 20-2(IV) Sample 44A-1 


Textural per 
cent by 


0 
58.0 
31.0 


Textural Classification Silty Clay Loam Silty Clay 


Physical Properties* L.L., per cent 
P.L., per cent 


P.I., per cent 
S.L., per cent 
C.M.E., per cent 


F.M.E., per cent 
sp gre 25 to 4 C 


Predominant Clay Mineral Nontronite Illite Nontronite Illite 
Interlayer Interlayer 
Predominant Exchangeable Cations Calcium Calcium 


Chemical Properties. Cation exchange capacity 
milliequivalent per 100 g 
pH 
Carbonates,* per cent 
Organic Matter,* per cent 


ND—Not determined. 
@ Gravel—above 2.0 mm, sand—2.0 to 0.074 mm, silt—0.074 to 0.005 mm, clay—below 0.005 
mm, colloidal—below 0.001 mm. 
> Textural classification is based on the U. S. Bureau of Public Roads system except that 0.074 
mm was used as the lower limit of the sand Sagi ta y 
= Liquid limit. aa 


Plasticity index. 
Shrinkage limit. 
. = Centrifuge moisture equivalent. 
). = Field moisture equivalent. 
4 Determined on the fraction passing No. 10 sieve. 
* Determined on the fraction passing No. 40 sieve. 


1302 
4a > 
| 
he 32.9 53.1 
21.1 25.7 
11.7 27.4 | 
15.2 ND 
26.4 ND 
2.68 ND 
I 
( 
13.4 23.2 
7.8 
09 ND i 
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TABLE III.—PROPERTIES OF HYDRATED LIME USED. 


Sample and Type of Lime 


— H-2 H-4 H-5 


Calcitic | Calcitic | | Calcitic | Calcitic 
drate 


Fineness, per | Material passing No. 200 
cent 


Chemical 
analysis, per 

Magnesium oxide 

Calcium carbonate........ 

Total calcium hydroxide 

Available calcium hydroxide. . 

Loss on ignition 

Total calcium figured as CaO. 

Calcium oxide 

Combined H2O 

Carbon dioxide 

| Sulfur trioxide 

| Calcium magnesium ratio 


« Not determined. 


a FABLE IV.—PROPERTIES OF QUICKLIME USED. 


Sample and Type of Lime 


te Property Q 
=“ Caleitic Calcitic Calcitic | Calcitic 


Fineness, per Material passing No. 50 sieve.|100.0 [100.0 
cent Material passing No. 200 sieve.| ND*# | 78.31 
Material passing No. 325sieve.| ND | 71.15 


Chemical Silicon dioxide 1.97 0.34 
analysis, per | Iron and aluminum oxide je 0.30 
cent Magnesium oxide 0.84 0.14 

Calcium carbonate...........| 7.94 ND 

Total calcium oxide | 96.02 | ND 

Available calcium oxide | 93.80 94 .¢ ND 

Loss on ignition 4.45 0.66 ; 2.0% ND 

Total calcium figured asCaO..) ND | 97.75 I ND 

Total sulfur ND ND 

Carbon dioxide ND . ND | 

Calcium sulfate YD ND 0.10 | 

Calcium magnesium ratio .. . 132:1 | 837:1 -67: 174:1 | 1.731 


* Not determined. 


it 
Dolo- 
onony- 
|| ND* | 99.50 | ND | 99.4 | 99.0 | 99.55 
| 99.0 | 98.75 | ND | ND | 98.4 | 99.24 
0.80 | 0.25 | 0.57 | 0.52| 0.58 | 0.6 
0.82 0.26 1.06 0.18 0.44 4,3 
0.49 0.17 | 29.72 0.59 0.49 | 33.2 : a 
0.77| ND | ND | 1.41] 1.50] ND a | 
97.82 | ND ND ND | 96.46 | ND 
97.38 | 94.85 ND 94.58 ND ND 7 
24.56 | 23.15 | 27.06 | 24.52 ND ND + ale as: 
ND 74.53 ND ND ND ND bie 
ND | ND | 42.21 | 74.21 | 73.00 | 48.3 ae oe 
ND 22.83 ND ND 0.45 | 16.8 : 
ND | ND | 2.90| 0.62} ND | ND 
ND ND 0.105} ND ND ND 
181:1 | 512:1 | 1.721 | 14621 | 18021 | 1.721 
® 
0-6 
Dolo- 
ND | ND | ND | 99.98 « 
ND | ND | ND | 97.01 a 
ND ND | 99.0 ND 
a 
4 
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The mechanism of lime stabilization of 


loess is also discussed. 


In Iowa, the loess varies texturally 
from silty loam to silty clay. Clay min- 
eral*compositions qualitatively are be- 
lieved to be the same (6), the principal 
clay mineral being an interlayer mixture 
of montmorillonite and illite. Cation 
exchange capacity is approximately pro- 
portional to the clay content. 

The thick loess occurring near river 
valley and till plain source areas is char- 
acteristically calcareous and low in clay. 
Farther away from the sources the loess 
deposits are thinner, leached of car- 
bonates, and higher in clay. 

Two samples of C-horizon loess were 
used in the lime stabilization studies; 
sample No. 20-2(IV) was selected to 
represent the friable, calcareous loess, 
and sample No. 44A-1 to represent the 
plastic, leached loess. Properties of the 
two samples, which for simplicity will 
be referred to as the friable loess and 
the plastic loess, are given in Tables I 
and II. 


Properties of Lime: 


MATERIALS 


Properties of Loess: 


Different commercial limes were fur- 
nished by the National Lime Assn and 
include calcitic and dolomitic hydrated 
limes and quicklimes which meet the 
various standards of the Association and 
of ASTM (7). Properties of the hy- 
drated limes are given in Table III and 
properties of the quicklimes in Table IV. 
Hydrated dolomitic limes are of the type 
N (“Monohydrate”) in which magne- 
sium occurs as the oxide and of type S 
(“Dihydrate”) in which magnesium 
occurs as the hydroxide. 


Optimum MotsturE CONTENT 


§ Prior to the main testing program, the 
optimum moisture content for maximum 


— 
J 
i 
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density was compared to the optimum 
moisture content for maximum strength 
by plotting the strength-density and the 
moisture-density relationships and read- 
ing the highest points. Specimens were 
molded with 6 per cent hydrated lime 
H-1 and with the approximate equivalent 
of quicklime Q-1, 4.5 per cent. The differ- 
ence between optimum moisture con- 
tents for compaction and for strength 
was 2 or 3 per cent in the case of the 
hydrated lime, the higher moisture con- 
tent giving lower density and highest 
strength. However, the difference in 
strength at the two moisture contents 
is slight: of the order of 4 to 8 per cent. 
With quicklime the differences are even 
less, and for convenience the optimum 
moisture content for maximum. density 
was used in the subsequent testing pro- 
gram. 


COMPRESSIVE STRENGTH 


Method: 


Each lime was added to the soil dry, 
the batch mixed, and water added. Spec- 
imens 2 in. in diameter and 2 in. high 
(h/d = 1) were then molded to a density 
of not less than 95 per cent of standard 
Proctor density (ASTM Method D 698°). 
A drop hammer molding apparatus was 
used; three specimens were molded for 
each combination of lime and loess. Spec- 
imens were cured for 7 days in a cabinet 
maintained at 70+3F and a relative 
humidity of not less than 90 per cent. 
The specimens were then soaked in dis- 
tilled water for 24 hr prior to testing; 
compressive strengths were determined 
using a load applied at 0.10 in. per min. 


Test Results: 
The change in compressive strength 

of lime-stabilized loess with various 

percentages of different limes is shown 


3 Tentative Method of Test for Moisture- 
Density Relations of Soils (D 698 —- 42 T), 1955 
Book of ASTM Standards, Part 3, p. 1789. 
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Fic. 1.—Effect of Hydrated Lime Content on the Compressive Strength of Loess. eet 
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graphically in Figs. 1 and 2. All speci- 
mens with zero per cent lime failed on 
immersion in water. It can be seen that 
there is a considerable difference in the 
shape of the curves. Quicklimes show a 
decided optimum content which varies 
from 2.5 to 9 per cent lime. The curve 
peaks tend to be less pronounced in the 
case of the plastic loess. Some hydrated 
limes show compressive strength peaks; 
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TABLE V.—RELATION OF IMMERSED COMPRESSIVE STRENGTHS OF LIME- 
STABILIZED LOESS TO PER CENT AND KIND OF LIME. 
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CaO (molecular weight 56.08) is equiva- 
lent to 1.32 g Ca(OH): (molecular weight 
74.11). In a dolomitic lime, 1.0 g of MgO 
(molecular weight 40.32) is equivalent 
to 1.84 g of Ca(OH).. Hydrated dolo- 
mitic lime is assumed to be made up of 
Ca(OH): and MgO. Results expressed 
on an equivalent lime basis are presented 
in Table V. Strengths were interpolated 
from the lime content - strength curves. 


Properties of Lime 


Results with Friable Loess 


Results with Plastic Loess 


7-day Compressive 7-day 
Strength, Ib Strength, lb 
Calcium Weight Opti- Opti- 
Sa Magne- | Equiv. to mum mum 
P ioe sium Ion ig 3 per | 6per | Opti- |percent| 3 per | 6 per | Opti- |per cent 

Ratio Ca(OH): | cent cent mum | Lime cent cent mum Lime 

(equiv.) | (equiv.)/per cent (equiv.) |(equiv.) |per cent 

Lime? | Lime? | Lime Lime? | Lime* | Lime 
mi 


Hydrated Lime 
1.7 0.905 240 
146 1.01 200 
180 1.03 170 
181 1.01 210 


132 0.779 260 
ers 164 0.779 280 
174 0.790 295 


695 | 800 9 485 

300 | 344 6.5 | 265 | 355 | 400 
300 | 300 4.5 | 290 | 360 | 360 
195 | 280 2.5 | 305 | 305 | 358 
145 | 290 2.3 | 255 | 250 | 255 
245 | 294 2.5 | 305 | 310 | 310 


265 | 462 9 35 | 275 | 358 9 
580 | 600 6 140 | 220 | 413 

207 | 335 6 208 | 210 | 290 

170 | 177 | 12 195 | 240 | 283 

270 | 270 6 240 | 250 | 250 

165 | 268 5 265 


| 


some do not. Curves which do not give 
decided peaks usually reach their 
strength quickly and then show a flat- 
tening out above a lime content of about 
3 per cent. 


Chemically Equivalent 

Various Limes: 

In order to evaluate the different limes 
on a more or less equivalent basis, 
amounts were calculated which could 
give the same number of calcium plus 
magnesium ions. Allowances were made 
both for hydration and for difference in 
atomic weights. For example, 1.0 g of 


Percentages of 


* Equivalent on an ionic basis to 3 or 6 per cent Ca(OH). . 


at Discussion 


The curves in Figs. 1 and 2 illustrate 
one important fact: it is possible to add 
too much lime. Probably the excess lime 
acts as a filler separating the mineral 
grains, since hydrated lime crystals have 
a weak claylike (gibbsite) structure. 
Probably with continued curing, the 
excess lime would be utilized, adding to 
strength. Characteristics of individual 
curves are probably related to individu- 
alities of each lime. 

The data in Table V show that quick- 


lime is in general more effective than 
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hydrated lime. With equivalent amounts 
the average strength is about 40 per cent 
higher with quicklime. However, excep- 
tions were found. The difference is not 
believed due to the heat of hydration of 
the quicklime, since the heat is rapidly 
dissipated during mixing and immedi- 
ately after molding. Further work is 
under way to check this. 

Another trend revealed in Table V is 
for dolomitic limes to give higher 
strengths than calcitic limes. At equiva- 


2000 
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The above discussion points out bene- 
fits to be derived from testing different 
limes prior to selection of one for a sta- 
bilized-soil construction. With some 
combinations the same strength can be 
realized with one-half or one-third as 
much lime. This sensitivity of soil to 
variables in lime should not be entirely 
unexpected; soils are chemically active 
and complex. A rational analysis may 
eventually become possible, but a major 
obstacle is the lack of adequate data on 
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Tota! Ca +Mg Content, per cent 
Fic. 3.—Effect of Ca: Mg Ratio on Lime Stabilization of Friable Loess. 


lent percentages, the effect is not so no- 
ticeable, but the strengths at higher 
percentages are quite different. Dolomitic 
limes can be used in higher percentages 
before there is a decrease in strength. Of 
the hydrated dolomitic limes, the mono- 
hydrate (type N) gives higher strength 
than the dihydrate (type S). However, 
the different brands of dolomitic quick- 
lime also give a variation in strength, and 
strengths with one dolomitic quicklime 
are double the strengths with the other. 
No explanation for this was found in 
hydration treatment or calcium: mag- 
nesium ratio. 


lime. Particle size and surface chemical 
factors related to curing are two quanti- 
ties that need expression. When these 
quantities become measureable and meas- 
ured, more definite correlations may be 
found and applied in the quality control 
of lime. Until then, laboratory tests on 
soil-lime mixes seem the only answer. 
With reference to differences in soils, 
the data in Table V_ show higher 
strengths with the friable loess. This is 
not exactly as expected, since lime is 
supposed to react best with clays. The 
significance of this is discussed later 
under mechanism of lime stabilization. 
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+ order to gain further evidence for 


ARTIFICAL MIXTURES 
some of the relationships discussed 
above, artificial dolomitic limes were 
prepared by mixing purified grade 
Ca(OH): and MgO in various calcium to 
magnesium ratios from 1:9 to 9:1. Re- 
sults are plotted in Figs. 3 and 4. With 
both the friable and the plastic loess 
the ideal lime composition appears to be 
between 1:1 and 3:1 calcium to mag- 


Ca: Mg = 3:/ 
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pressive strength. Various curing meth- 
ods were used; in some methods speci- 
mens were wrapped in wax paper and 
aluminum foil and sealed with tape to 
prevent evaporation of moisture from 
the specimens and also prevent contact 
with carbon dioxide in the air. The oven- 
cured specimens also were sealed in tin 
cans. The curing methods are as follows: 

1. Wrapped and oven cured at 140 F. 

2. Wrepped and oven cured at 110 F. 
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Fic. 4.—Effect of Ca: Mg Ratio on Lime Stabilization of Plastic Loess. 


nesium. Strengths dropped when MgO 
was increased beyond a ratio of 1:1. 


CuRING STUDIES 


Among the different variables affect- 
ing the strength of lime-stabilized loess, 
curing is of major importance. Its effect 
on strength is a function of time, tem- 
perature, and relative humidity. To 
study the effect of these factors, curing 
studies were conducted on loess samples 
stabilized with limes H-i and Q-1. Spec- 
imens 2 in. high by 2 in. diam were 
molded, cured, immersed in water for 
24 hr, and tested for unconfined com- 


90 per cent. 

. Cured at 70 + 3 F in a moist cabi- 
net, relative humidity 90 per cent. 
Specimens not wrapped. 

. Cured at 70+3F in a cabinet 
with relative humidity 45 per cent. 
Specimens not wrapped. | 


Effect of Time: 


As shown in Figs. 5 and 6, the strength = 
increases 


of the lime-stabilized loess 
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T 


/40F, 90 percent 
RH, Wrapped 


Solid lines indicate friable loess 
Dash lines indicate plastic loess 


+ 


7OF, 90 per cent, 


HOF, 90 percent 
PH, Wropped 


8 


~ RH, Wrapped 


/40 F, 90 per cent 
Wrapped 


+HOF, 90 per cent 


Compressive Strength, Ib 


70F, 9O per cent 
RH, Unwropped 


10 20 30 40 50 60 70 80 90 100 II0 120 130 140 150 160 
Time of Curing, doys 


Fic. 5. —Effect of Curing on the Compressive Strength of Loess Stabilized with Hydrated Lime 1 1. 


/40F, 90 per cent 
RH, Wrapped 


Solid lines indicate friable loess 
Dash lines indicate plastic loess 


HOF, 90 percent 
RH, Wrapped 
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7OF, 9Oper cent 
RH, Wrapped 
PP: 


7OF, 45 per cent Ri 
Unwro, rapped 


7OF, 90 per cent 
[SS RH, Unwrepped 


6. 
After about fifteen weeks the increase is 
very slight or negative. 


= 


Temperature of curing exerts a tre- 
mendous influence on strengths. Seven- 
day strengths after curing at 110 F or 
140 F show a three- to eightfold increase 
in compressive strength over specimens 


Effect of Temperature: 


10 20 30 40 50 60 70 80 90 100 110 
Time of Curing, doys 

—Effect of Curing on Compressive Strength of Loess Stabilized with Quicklime Q-1. i 


120 130 140 150 160 


cured at room temperature. With the 
plastic loess, 7-day strengths after curing 
at 110 F are reached in approximately 
80 days curing at 70 F. With the friable 
loess, the 110F strengths are never 
reached by normal curing. In no case 
could 140 F strengths be duplicated by 
prolonged curing at room temperature. 
Therefore, accelerated curing, while per- 
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haps useful to indicate relative reactivity, 
is not recommended for design purposes. 

An interesting possibility is that de- 
creased solubility of lime at higher tem- 
peratures may account for at least part 
of the strength increase. Heating a satu- 
rated lime solution from 70 F to 110 F 
will cause a precipitation of 17 per cent 
of the dissolved lime, and heating to 
140 F will cause precipitation of an addi- 
tional 12 per cent. However, the solu- 
bility at 70 F is only 0.164 g per 100 g of 
water, and heating an ordinary 200-g 
2 in. high by 2 in. diam lime-soil specimen 
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show the.greatest ultimate strength gain. 
It should be noted that this curing pro- 
cedure would most nearly represent 
field-curing conditions under an asphalt 
seal coat. The strength difference some- 
times is not apparent until after 28 days, 
indicating that in damp weather there 
would be no hurry about applying the 
seal and there would be little point in 
temporarily moist curing with wet burlap 
or straw. 

Compressive strengths of unwrapped 
specimens were usually lower and less 
predictable. The extreme sensitivity to 


TABLE VI.—CALIFORNIA BEARING RATIO VALUES OF LIME-STABILIZED LOESS. 


Results with Friable Loess Results with Plastic Loess 
0 day 0 day | 7 days |28 days 0 day 0 day | 7 days |28 days 
As Molded Soaked 4 Days As Molded Soaked 4 Days 
Admixtures: 
No 12.7 9 9 10.5 5 
Calcitic Lime: 
G percent H-l........... 31.5 55 22.8 31 
4.5 per cent Q-1........... 34.0 39 tale eae 24.0 39 
Super emt C4... 85 88 
Dolomitic Lime: 
9 per cent H-3............ 104 132 ads er te 66 
Oper cong 205 215 84 115 


to 140 F will cause precipitation of only 
about 0.05 g of lime. It seems doubtful 
if the mechanical strengthening from this 
precipitation would cause an eightfold 
increase in strength, especially since 
lime crystals have a weak platy structure. 
Perhaps the precipitation would give 
better lime-soil grain contacts and en- 
hance chemical reactions. If this is true, 
the same effect should be found from 
alternate wetting and drying of stabilized 
specimens. The other possibility is that 
the heat effect is merely a matter of 
chemical reaction kinetics. 


Effect of Humidity: 


In all cases specimens wrapped and 
cured at 90 per cent relative saint 


curing temperature may account for 
some of the irregularities. In some in- 
stances 90 per cent humidity gave higher 
strengths, in some cases 45 per cent gave 
higher. Formation of carbonate on the 
surface of the specimen may aid in sealing 
the pores against moisture loss. Calcium 
carbonate crusts were observed to form 
in the surface layers of specimens after 
aging about a month. Crusts were ob- 
served in specimens molded with sand 
after curing only three days. 


CALIFORNIA BEARING RATIO 


California Bearing Ratio (CBR) tests 
were performed with standard Proctor 
compacted density and according to 
— of the U. S. Corps of Engi- 
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neers (2). Tests were run immediately 
after molding, after soaking 4 days, and 
after moist curing (90 per cent humidity, 
70 F) for 7 to 28 days. Results are re- 
ported in Table VI. Data are yet incom- 
plete, so comparisons of different limes 
will not be made. The CBR values now 
available correlate well with 7-day com- 
pressive strength data, and it is believed 
the same trends will be realized. As an 
approximation, the CBR value of the 
friable loess after soaking is about one- 
fourth the unconfined compressive 
strength of the 2 in. high by 2-in. diam 
cylinders; the CBR of the plastic loess 
after soaking is about one-eighth the 
compressive strength in pounds. 

The values in Table VI indicate a 
considerable gain in CBR immediately 
after molding, probably due to cation 
exchange. The as-molded values are in- 
creased two to three times over those of 
the compacted raw loess. Soaking 4 days 
further increased the CBR of the lime- 
treated specimens while decreasing the 
CBR of the raw loess. In this case soak- 
ing of the lime-treated specimens for 4 
days is believed to be an effective cure. 
An additional increase in CBR is evident 
after moist curing for 7 to 28 days. These 
strength gains perhaps illustrate the 
large benefits to be derived from the poz- 
zolanic action discussed later. There was 
very little or no swelling in the CBR 
specimens during soaking. 

The CBR values now available indi- 
cate that loess stabilized with lime would 
have suitable bearing capacity for use as 
a base course. Additional criteria are 
resistance to wetting and drying and 
resistance to freezing and thawing. Two- 
by-two in. cylinders were found to gain 
strength through wetting and drying up 
to four cycles, probably since the added 
moisture benefits the cure. Submission 
of 28-day lime-stabilized specimens to 
the standard wet-dry test for soil-cement 
resulted in failure usually by volume 


Lacuros, Davipson, Hanpy, AND CHU) 


change (swelling). Friable loess stabilized 
with 4.5 per cent quicklime Q-1 showed 
no adverse volume change and withstood 
five cycles before the weight loss by 
brushing exceeded 10 per cent. The se- 
verity of brushing will be discussed under 
freezing-and-thawing resistance; the re- 
sistance of lime-stabilized loess to volume 
change is believed to be greatly influ- 
enced by confinement. Lime-stabilized 
loess, confined as it would be in a road, 
apparently has little tendency to swell, 
as indicated by measurements during 
the 4-day immersion of the CBR test, 
in which a 10-lb surcharge is used. 

According to the Portland Cement 
Assn. criteria (8) adopted for soil-cement, 
the freezing-and-thawing resistance of 
lime-stabilized loess is very low. Speci- 
mens usually fail by weight loss during 
the first two or three cycles. Loss was 
not by flaking or spalling, as is often 
true with soil-cement, but by brushing 
of material from the outside of the speci- 
mens. Since cementation of the lime- 
stabilized specimens is relatively low, it 
is believed that brushing may be too 
severe a test. Work with lime - fly ash 
stabilized soils lends support to this; 
lime - fly ash - soil mixes which do not 
pass the brushing test have given satis- 
factory field performance.‘ 


Lime MopIFICATION OF LOESS i 


The effects of equivalent amounts of 
limes H-1 and Q-1 on the pH, Atterberg 
limits, and standard Proctor density 
were measured immediately after mixing 
and after 7 days moist curing. Results 
are shown in Table VII. The plasticity 
index of the friable loess is only slightly 
reduced by the addition of lime; the 
plasticity index of the plastic loess shows 
a comparatively large reduction. The 
quicklime was more effective at reducing 


4 Oral Statement by Mr. L. John Minnick, G. 
& W. H. Corson, Inc., Plymouth Meeting, Pa 


,- 


— 
j 
=. 
’. 
= 
. 
~ 
{ 
. 
— 
% 


i. 

the plasticity index of both loess samples, 
although in the case of the friable loess 
the difference is actually of little practical 
significance. The shrinkage limit was 
increased by the addition of lime, the 
plastic soil showing the greatest increase. 
Again quicklime was somewhat more 
effective. On mixing lime with the loess, 
pH values took an immediate jump to 
about 12.6 but were reduced during cur- 
ing, suggesting lime depletion through 
reactions between loess and lime. 
Hydrated lime by increasing aggrega- 
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TABLE VII.—MODIFICATION OF LOESS PROPERTIES BY ADDITION OF HYDRATED 
LIME OR THE EQUIVALENT AMOUNT OF QUICKLIME. 
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soils. However, in the loess samples in- 
vestigated the natural cations are cal- 
cium, and the flocculation mechanism 
does not appear to be so much an ion 
exchange as a crowding of additional 
ions on the clay. This would lower the 
zeta potential® and produce a floccula- 
tion. An immediate flocculation effect is 
observed during mixing and is reflected 
in lowering of the liquid limit, raising of 
the plastic and shrinkage limits, and 
lowering of the maximum compacted 
density. 


Results with Friable Loess 


Results with Plastic Loess 


0 day 


7 days 0 day 7 days 


6 4.5 6 4.5 6 4.5 6 4.5 
0 per per cent|per cent|per cent 0 Per cent| per cent|per cent|per cent 
H-1 Q-1 H-1 Q-1 - Q-1 H-1 Q-1 
Lis, COMB... 33 34 33 35 33 53 46 41 47 40 


112 | 10 9 
7.8 | 12.6 | 12.6 
Maximum Dry Density, 

1109.9 | 99.5 | 97.4 
Optimum Moisture Con-| 

tent, per cent........ 1 | 281 


25 25 26 30 30 29 29 
10 8 27 16 11 18 11 
31 31 20 28 32 34 33 


12.1 | 12.0 | 6.1 | 12.5 | 12.7 | 11.8 | 12.0 
102.8 | 94.6 | 95.1 
21.4 | 20.7 | 21.7 


tion decreases the maximum compacted 
density. The flocculation effect decreases 
the optimum moisture content about 1 
per cent. Quicklime causes about the 
same reduction in maximum density but 
raises the optimum moisture content 
back to its previous level since water is 
immediately used in the lime hydration. 
In the mixes given, 1.5 per cent moisture 
would be sufficient to convert the quick- 
lime. 


REACTION OF LIME witH LOEss 


It is generally recognized that cation 
exchange is a mechanism whereby lime 
can improve the properties of certain 


In addition to the immediate improve- 
ment in properties brought about by 
flocculation there is a long-term strength 
gain in lime-stabilized specimens. There 
has been much speculation as to the 
reason for this (1, 3, 7) and it appears cer- 
tain that there is an additional reaction 
besides flocculation or cation exchange. 
The high sensitivity of strength gain to 
the curing temperature suggests a chem- 
ical reaction. Goldberg and Klein (3) 
point out the importance of carbonation 
of the lime; however, in the present 
study, specimens wrapped and sealed 

5 The zeta potential is a measure of the ef- 
fective negative charge at the surface of the 


clay. The addition of positive ions will reduce the 
charge. 
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against the entry of CO» gave strengths 
as high or higher than specimens left 
unwrapped. Unwrapped specimens defi- 
nitely showed the development of a car- 
bonate-rich layer around the outside. 
For long-time strength gain, a poz- 
zolanic reaction has been suggested, and 
it is usually supposed that this reaction 
takes place with the clay. However, in 
this investigation higher strengths were 
realized with less clay, and there was 
little difference in optimum lime content 
between high clay and low clay. The 
same trend was reported by Goldberg 
and Klein; a montmorillonite containing 
40 to 50 per cent nonclay minerals gave 
stabilometer values several times those 
obtained with a nearly pure montmoril- 
lonitic clay. These percentages of clay 
are so high as to minimize the influences 
of granulometry; a soil containing 50 
per cent clay could allow little contact 
between the silt grains. This would sug- 
gest that important reactions may occur 
between lime and the non-clay minerals. 
Petrographic and soil-cement studies 
with loess show that strength correlates 
with quartz surface area (4,5). It, there- 
fore, appears that pozzolanic reactions 
may be most pronounced with the non- 
clay minerals and particularly with 
quartz, so long as the particle size is fine 
enough. A more detailed discussion of 
the reactions and a possible explanation 
for the influence of the calcium: magne- 
sium ratio will be found in reference (4). 


CONCLUSIONS 


The laboratory data indicate that a 
field trial of lime-stabilized western Iowa 
loess would be desirable. However, the 
laboratory results certainly point out 
the desirability of evaluating a lime prior 
to its use for stabilization. With Iowa 
loess, a dolomitic lime would probably 
be the more effective. Quicklime, even 
though requiring more caution in han- 
dling, may offer the best and most eco- 


nomical way fér lime stabilization. It i is 
not yet known if tank-truck hydration 
of the quicklime will yield the same re- 
sults as mixing it dry with the loess. 
With proper information on the lime and 
on the soil, the most desirable properties 
of lime for a certain job may eventually 
be predicted; it appears that the main 
deterrent at the present time is lack of 
information of the lime. A simplified 
pozzolanic reaction rate test would there- 
fore seem desirable.® 

Resistance of lime-stabilized loess to 
freezing and thawing can best be eval- 
uated by means of field trials, after which 
suitable laboratory test criteria might 
be developed. Curing is best at high 
temperatures, so early summer construc- 
tion seems desirable. Moist conditions 
should be maintained for proper curing, 
for example by the use of a bituminous 
seal applied immediately after finishing 
the base. Strengths attained in the lab- 
oratory by accelerated (high-tempera- 
ture) curing may never be reached under 
normal field conditions and so should 
not be used in design. 1% 


Acknowledgment: 


The subject matter of this paper was 
obtained as part of the research being 
done under Project 283-S of the Engi- 


neering Experiment Station of Iowa 
State College. This project is sponsored 
by the Iowa Highway Research Board 
and is supported by funds supplied by 
the Iowa State Highway Commission 
and the U. S. Bureau of Public Roads. 

Special thanks are due to Mr. R. S. 
Boynton, General Manager of the Na- 
tional Lime Assn and to member com- 
panies for furnishing lime, and to Mr. 
L. W. Lu of the Iowa Engineering Ex- 
periment Station for contributing some 
of the CBR data. 


® Such a test is now being developed in Iowa 
State College Laboratory. 
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Mr. L. JoHn MInnick.'—Were any 
tests carried out to determine the effect 
of carbonation due to the presence of 
CO, in the atmosphere? We have found 
in running similar tests to those reported 
in this paper that carbonation has a bear- 
ing on some of the results. 

Mr. J. G. Lacuros (author).—Special 
tests along that line have not been per- 
formed, but in many instances when the 
specimens were tested it was found that 


with prolonged curing the specimens 


strengths, 


developed a crust, so to speak on their 
surface. This is strong evidence of car- 
bonization. The crust, which at times 
assumed the form of a flakey surface, 
appeared within three days in some 
cases, and in others it did not appear 
until after 6 months. Experiments with 
sandy soils indicated that the formation 
of the crust took place very rapidly. 
Mr. Rosert S. Boynton? (by letier) — 
The authors are to be complimented for 
a very comprehensive research study on 
lime stabilization, and they have ex- 
hibited some new and ingenious thinking 
on this subject. In general the results 
they have obtained on compressive 
California Bearing Ratio 
(CBR) values, and physical constants 
of soils, in which comparisons are drawn 
between raw loess soils and varying per- 
centages of lime, are quite similar to the 


1Vice President in charge of Research, G. 
& W.H. Corson, Inc., Plymouth Meeting, Pa. 

2 General Manager, National Lime Associa- 
tion, Washington, D. C. 


results obtained by Purdue University, 
University of Texas, and the highway 
departments of Texas, California, Louisi- 
ana, Virginia, and other organizations 
which show marked changes in clay and 
certain silty soils by the addition of lime. 
The only major exception is that Iowa 
has found dolomitic limes to be uni- 
formly more effective in varying degrees 
than high-calcium limes—at least on 
these two particular Iowa loess soils. 

The greater equivalent effectiveness 
of quicklimes over hydrated limes found 
by Iowa is not surprising and confirms 
other research findings on this subject. 
It is believed that this phenomenon is 
largely due to the heat of hydration 
created when the quicklime is slaked in 
the soil after water is added. This accel- 
erates the set and resultant strength of 
the lime-soil mixture in the same manner 
as when the samples were oven heated 
during laboratory curing. 

Both high-calcium and dolomitic limes 
have been successfully used for road 
stabilization, and very little difference, 
if any, has been detected in their relative 
effectiveness. Actually, since the produc- 
tion of high-calcium lime is more wide- 
spread and greater in tonnage than 
dolomitic, much more of the high-calcium 
type has been actually used in road con- 
struction. In Texas and other southwest- 
ern states where only high-calcium lime 
is produced, it has been the only type 
used. With certain clay soils, usually the 
gravelly type, some spectacular improve- 
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ments have been obtained with 3 per 
cent of lime by weight both in laboratory 
and field control testing. Raw soils hav- 
ing a CBR value of 6 have been increased 
to 90; the same and other soils having 
a plasticity index of 40+ have been re- 
duced to 8. The implication of this paper 
that dolomitic lime might further im- 
prove such results is slightly incredible. 

In attempting to rationalize the reason 
for this Iowa result which is contrary to 
other thinking, the following thoughts 
occur. The high-calcium hydrate is com- 
pletely hydrated, whereas the type N 
dolomitic hydrate has only the calcium 
and a small portion of the dolomitic 
components hydrated. It is 25 to 30 per 
cent unhydrated. The unhydrated por- 
tion is in oxide form as MgO. Since the 
oxide (quicklime) form has proved to be 
more effective than the hydroxide (hy- 
drated) form, the dolomitic hydrate pre- 
sumably contains more of the more active 
oxide ingredient. Yet, this theory breaks 
down on Iowa’s findings that dolomitic 
quicklime was more effective than high- 
calcium quicklime, both of which have 
an equal oxide content. 

It is noted that small specimens of 
2 by 2 in. were used. Other investigators 
have molded larger specimens of from 
4 by 4 in. to 6 by 8 in. It is believed that 
more accurate and consistent results are 
obtained in testing the larger specimens. 
At best there is certain to be a normal 
discrepancy in laboratory results, but 
possibly this variance in values is ac- 
centuated with the smaller specimens. 
For example, in Fig. 3 it is rather para- 
doxical and erratic that the 1:3 ratio of 
calcium and magnesium is intermediate 
with the calcium and magnesium ratio 
of 3:1 and 9:1. This plus the fact that 
there may be something unique in the 
chemical composition of these Iowa loess 
soils that lend themselves better to dol- 
omitic limes is an offered explanation. 
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This writer feels that generally the 
greatest variable in lime stabilization 
occurs with the countless different soils 
and that there is very little difference in 
the effectiveness of commercial limes of 
both high-calcium and dolomitic types, 
and that trying to evaluate their effec- 
tiveness in a laboratory would be nearly 
as inconclusive as with portland cement. 
This is not true with waste limes which 
contain much higher contents of car- 
bonates and silicates and which dilute 
the active component of the lime. 

In general, Iowa’s results showed 
somewhat higher early strengths (7 days) 
and lower ultimate strengths than other 
investigators. Laboratory specimens and 
cores from lime stabilized roads have 
almost invariably shown a slow, steady 
increase in strength up to 2 to 3 yr. 

Iowa’s findings that the pH of the 
laboratory specimens were sharply re- 
duced during curing is new and interest- 
ing. It adds further evidence that a poz- 
zolanic reaction occurs in the formation 
of monocalcium or magnesium silicates 
since such combined lime compounds 
possess a pH much lower than uncom- 
bined lime. 

Mr. F. N. Hveem.—This interesting 
paper throws additional light on some of 
the problems and variables involved in 
improving soils by additions of lime. 
From one viewpoint it might be con- 
sidered that the results reported are at 
variance with those obtained in work 
here. However, it seems more likely that 
the differences derive from differences in 
the soil types involved. 

Taking up a few points in the paper, 
I offer the following comments: 

It is stated that for the stabilization 
of loess “the ideal lime composition 
appears to be between 1:1 and 3:1, 
Ca:Mg.” In our own experience with 


3 Materials and Research Engineer, Califor- 
nia Division of Highways, Sacramento, Calif. 
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bentonitic and kaolinitic soils, pure 
Ca(OH). performed as well and perhaps 
better than a dolomitic lime meeting the 
above limits of composition. 

The authors note that “On the basis 
of compressive strength, quicklime ap- 
pears to be more effective with loess 
than the equivalent amount of hydrated 
lime...” On the basis of R-value tests 
on our soil materials, we found no appre- 
ciable difference between the results ob- 
tained with quicklime as compared with 
hydrated lime. 

The authors note that ‘“‘dolomitic lime 
is more effective than calcitic lime (with 
loess).’’ On the basis of R-value tests, all 
limes gave similar strengths with the 
exception that a locally available dolo- 
mitic lime gave lower strengths with 
both bentonite and kaolinite. Our results 
are therefore not in agreement with 
those reported by the authors. 

The authors state “Among the dif- 
ferent variables affecting the strength of 
lime-stabilized loess, curing is of major 
importance. Its effect on strength is a 
function of time, temperature, and rela- 
tive humidity...the strength of the 
lime-stabilized loess increases rapidly at 
first, then increases more slowly at a 
more or less constant rate. After about 
fifteen weeks the increase is very slight 
or negative.” Although we have not 
measured the effects of varying tempera- 
ture and humidity, we have found that 
curing time does have an effect, es- 
pecially with Mg(OH),. . Incomplete and 
scattered data suggest that Ca(OH), de- 
velops virtually its total strength in a 
short time; say within seven days; 
whereas Mg(OH)2 may require several 
months to reach its maximum value. 

In conclusion, we can only say at this 
time that there appears to be points of 
agreement and points of divergence be- 
tween their work and that carried on 
here. It seems quite possible that all or a 
part of the differences noted may be due 
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to the inherent differences between loess 
and clay. However, this does not rule out 


' the possibility that there are also differ- 


ences in the limes used and some differ- 
ence in evaluation may derive from the 
fact that our tests were based on R- 
value comparisons rather than compres- 
sive strength. 

Messrs. J. G. Lacuros, D. T. Davip- 
SON, AND R. L. Hanpy (authors’ clos- 
ure)—The interest and discussion in 
this paper are sincerely appreciated and 
have pointed up some interesting pos- 
sibilities. Further studies have shown 
that while lime carbonation is indeed 
important, as suggested by Minnick, 
it probably is not a major factor differ- 
entiating calcitic from dolomitic lime 
strengths; the same relative strength 
differences are found in specimens stored 
in the open or completely sealed from 
the atmosphere. However, to avoid 
variable carbonation all Iowa soil-lime 
specimens for long-term curing are now 
double wrapped in waxed paper and 
aluminum foil. 

The authors would like to vindicate 
themselves and point out that the 
purpose of this work is not to suggest a 
low effectiveness of calcitic limes so 
much as to illustrate the higher strengths 
possible with certain dolomitic limes. 
Higher strengths are necessary if soil- 
lime is to withstand freezing in northern 
climates, and as yet very little success- 
ful usage of lime for base course stabili- 
zation has been reported from this area. 
On the other hand, lime stabilization 
has a long history of successes in the 


South. 


Our laboratory work has now pro- 
gressed with other soils with both lime 
and lime-fly ash stabilization; soils 
tested include other Iowa soils and soils 
from other states and Alaska with mont- 
morillonitic, illitic and chloritic clay 
minerals. Monohydrate dolomitic lime 
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nearly always gives higher strengths, 
and there appears to be nothing unique 
about Iowa loess in its reactions with 
lime. However, strength differences are 
less with clayey soils. Some of these 
data on soil-lime have been reported to 
the Highway Research Board.‘ That 
study revealed that a more important 
variable was the brand of lime. Appar- 
ently some commercial hydration pro- 
cesses result in partial hydration of MgO, 
reducing dolomitic lime reactivity to the 
approximate level of calcitic lime. Where 
hydration is controlled and heat and 
pressure are eliminated, as in hydration 
of dolomitic quicklime mixed 1:20 with 
soil, strengths closely correspond to 
those realized with synthetic limes pre- 
pared from pure chemicals. 

The question of heat of hydration of 
quicklime contributing to strength may 
be resolved by use of a thermometer. A 
small sample size, low lime contents, and 
use of metal mixing bowls and mechani- 
cal mixers in the laboratory for 5-min 
mixing periods result in heat dissipation 
prior to molding. The effect is therefore 
believed to be small. 

If height-diameter ratio is ignored, 
ideal specimen size is related to the 
coarsest material present. A_ small 
specimen size has been selected for these 
tests partially for convenience and con- 
servation of materials but mainly be- 
cause of the superior reproducibility 
of strength results. The wide use of 2- 
in. diameter specimens in this country 


*L. W. Lu, D. T. Davidson, R. L. Handy, 
and J. G. Laguros, ‘“‘The Calcium: Magnesium 
Ratio in Soil-Lime Stabilization,’”’ presented at 
36th Annual Meeting, Highway Research Board, 
Washington, D. C. (1957). 
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and abroad for fine-grained soils is per- 
haps an endorsement of this fact. An 
advantage of the 2 by 2-in. size is that 
uniform density can be obtained from 
compaction in a single layer, thus avoid- 
ing stratification within a _ specimen. 
With coarse materials, of course, use of 
a larger specimen size is unavoidable. 

Data for intermediate Ca: Mg ratios 
as in Fig. 3 show that while the curves 
indeed seem paradoxical, the complete 
data fit on a smooth curve which peaks 
at a Ca: Mg ratio of 1.0. The completed 
ratio versus strength curve will be in- 
cluded as Fig. 3 of the later paper.‘ 
For a more complete discussion of reasons 
one should refer to that paper. 

So far as the effect of curing time on 
strengths with the various types of 
limes, the authors must plead even more 
incomplete and scattered data than does 
Mr. Hveem. The excellent remarks 
Hveem makes on this subject are cer- 
tainly worthy of careful attention and 
consideration. We have no data for direct 
comparison of dolomitic dihydrate and 
calcitic limes, since our work is now 
mainly with monohydrate lime. How- 
ever, our data do show that the long- 
term strength gain with MgO lime is 
greater than with Mg(OH)2. For exam- 
ple, the increase in flexural strength from 
7 to 84 days is 350 per cent for friable 
loess with 9 per cent dolomitic quick- 
lime; with dihydrate dolomitic lime the 
7-day strength is lower, and the strength 
increase from 7 to 84 days is only 230 
per cent. Probably the MgO acts as 
MgO— it does not hydrate before be- 
coming active with Ca(OH)s, water 
and soil. 
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tration and field loading tests. 


FIELD AND LABORATORY CORRELATION OF THE BEARING 
CAPACITY OF HARDPAN FOR DESIGN 
OF DEEP FOUNDATIONS* 


SYNOPSIS 


This paper presents the essential steps in the continued development of the 
penetration method of evaluating soil resistance presented to the Society in 
1935 (1)? supplemented by a parallel development in field loading tests and 
laboratory shearing resistance tests, including ring shear, unconfined com- 
pression, and triaxial compression. The latter test followed concepts of internal 
stability of granular material presented to the Society in 1936 (8). Ay ee 
Results are reported under the following subdivisions: 
1. The Michigan penetration index as a field measure of soil resistance. 
2. Correlation of the Michigan penetration index with the Raymond pene- 
tration, and conversion factors involved in the use of either method. 
3. Laboratory shearing resistance tests and their correlation with field pene- 


4. Methods of evaluating soil resistance factors involved in granular- _ 
cohesive mixtures, and estimating the bearing capacity of hardpan. :e 
5. Test procedures and methods of analysis for field loading tests on piles. _ 
6. Comparison of computed and measured values of the bearing capacity of 
hardpan for design of deep foundations. 
Data from large scale field loading tests provide the primary basis for estab- 
lishing the validity of the tests under practical conditions. As a result of this 


work, the applicability of the penetration method as a rapid determination of 


soil resistance has been extended and amplified until today it is being used with 


increasing confidence. 
ind 
Beginning in 1927, a program of soil 
investigation involving both field and 
laboratory testing was undertaken by 
the University of Michigan in coopera- 
tion with a number of other organiza- 
tions. These participants have included 
* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17—22,1956. 
1 Professor of Civil Engineering, University of 
Michigan; Research Consultant, Michigan State 
Highway Dept. 


2? The boldface numbers in parentheses refer 
to the list of references appended to this paper, 


many other public agencies as well as 
engineering organizations and engineers 
in private practice. Soil investigation 
and research made possible by this pro- 
gram have been a part of the engineering 
design studies on more than 600 construc- 
tion projects of varying magnitude, over 
a period of more than 25 yr. 

This paper reviews and summarizes 
the results of some of this experience, 
with particular attention to testing pro- 
cedures developed for both field and 
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laboratory determination of soil resist- 
ance. The studies cover a wide range of 
soil conditions and design requirements. 
Data are presented on the correlation of 
field penetration measurements, labora- 
tory shear tests, and full scale field load- 
ing tests on both friction and bearing 
piles. The penetration measurements 
include those developed by the author 
and reported to the Society in 1935 (1), 
and the penetration test most widely 
used in commercial boring practice, de- 
veloped by the Raymond Concrete Pile 
Co. The laboratory shear tests include 
ring shear, unconfined compression, and 
triaxial compression tests. While some 
data on friction piles are included, the 
emphasis is on field loading tests on high- 
capacity bearing piles which involve the 
bearing capacity of hardpan. 

The material identified as hardpan in 
the Detroit area requires definition, as 
the local terminology may not be gener- 
ally recognized. Hardpan in Detroit is 
the remnant of the Illinoian drift im- 
mediately above bedrock, left in place 
and consolidated by the last or Wiscon- 
sin ice sheet. It generally consists of a 
highly indurated mixture of sand, gravel, 
and clay, and may be more accurately 
termed claypan. From the standpoint of 
soil resistance, it is a granular-cohesive 
mixture with high cohesion and a dense 
granular structure with high internal 
stability. In some cases, this deposit con- 
tains bodies of sand, gravel, and boulders, 
with very little clay binder. However, 
these granular materials are generally 
highly consolidated, and when confined 
by 100 ft or more of overburden, they 
provide supporting capacity that may be 
regarded as unusually high. 


7 PENETRATION MEASUREMENTS 


_ The development and refinement of 
penetration observations have gone 
through several stages, and it is only in 
the last ten years that their full poten- 
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tialities have been realized. Now, after 
repeated demonstrations supported by 
full scale field loading tests, engineers 
are gaining confidence in their use. As 
previously noted, there are two types of 
penetration measurements that have 
been used in these studies. The develop- 
ments involve the correlation of these 
two methods and the determination of 
conversion factors so that either one may 
be translated into terms of soil shearing 
resistance and internal stability. 

of Michigan 


University Penetration 


Method: 


The penetration method developed as 
part of the University of Michigan re- 
search program has been described in 
detail (1), and only brief references to the 
previous publication will be made to 
serve as a background for the further 
development. Observations are made of 
the number of blows required to drive a 
standard core barrel a depth of 6 in., and 
this has been defined as the penetration 
index, V. The driving is done with a 
falling weight of 20 lb, with a height of 
fall of 34 in. The dead weight, which con- 
sists of the core barrel, driving head, and 
connections, is standardized at 20 lb. 

The major difference between this 
penetration test and those generally used 
in commercial boring operations is the 
control of the dead weight as a constant. 
In commercial boring practice, the dead 
weight varies through a wide range, in- 
cluding as it does a variable length of 
drill rod or pipe. In order to maintain a 
constant dead weight, the entire driving 
mechanism must be lowered to the eleva- 
tion at which the sample is being taken. 
In Fig. 1 are shown three types of pene- 
tration devices that have been used in 
the University of Michigan investiga- 
tions. Figure 1 (a) is the simplest driving 
mechanism of all, for use in test pits or on 
highway subgrades where the sampling 
elevation is accessible. Figure 1 (6) shows 
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Fic. 1.—Types of Michigan Penetration Devices. 
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one of the earlier models of the penetra- 
tion apparatus which could be lowered 
into a 12-in. casing for sampling at any 
depth. In Fig. 1 (c), the driving mecha- 
nism is encased in a 4-in. cartridge for 
sampling at greater depths. This mode! 
was used in the foundation investigation 
for the Mackinac Straits Bridge, where 
undisturbed samples of clay overburden 
were taken in depths of water and soil 
up to 170 ft. 

Evaluation of resistance to penetration 
of an open core barrel, and correlation of 
this resistance with the static shearing 
resistance as measured by laboratory 
tests were presented in considerable de- 
tail in the above reference (1). This and 
other publications also gave correlations 
between the penetration index, V, and 
bearing capacity determined from plate 
loading tests (2). Additional data are now 
available, and the primary objective at 
this time is to present additional develop- 
ments, reviewing prior results only briefly 
to serve as a background. 

Equation 1 is the basic relation de- 
veloped for evaluating the force, F, re- 
sisting penetration under the assump- 
tion of plastic impact: 


2p(W + w) 


where: 
F = force in lb, 
W = falling weight in lb (= 20 Jb), 
dead weight in Ib (= 20 Ib) 
= height of fall in in. (= 34 in.), and 


= penetration per blow in in. 


Through extensive observations and 
Statistical analyses, the force resisting 
penetration was translated into terms of 
point resistance and side wall shear or 
friction leading to the following equation, 
in which S, is shearing resistance in 
pounds per square inch, and N is the 
penetration index, as defined in the 


Michigan method: 
= 0.593 


In the later development of the pene- 
tration method there were some minor 
changes in the dimensions of the core 
barrel, which caused some slight adjust- 
ment in the numerical factors in Eq 1. 
Continued correlation of the equivalent 
shearing resistance from penetration 
with laboratory shear tests and other 
independent tests provided a more reli- 
able determination of the relation be- 
tween the static shearing resistance of 
the soil and the resistance to penetration 
under dynamic impact. An impact fac- 
tor, C;, was introduced to represent 
variation in dynamic reactions involved 
in the penetration observations (3). 
Equation 2 was simplified to the follow- 
ing form: 


The impact factor, C;, varies with 
the dynamic characteristics of the driv- 
ing apparatus and should be determined 
by calibration for each individual ma- 
chine or type of machine. Assuming a 
free fall and perfectly elastic impact, 
C, approaches unity as the limiting value, 
while the value of C, for plastic impact is 
3, a value which corresponds with the 
original development of Eq 1. Continued 
experience with correlating penetration 
observations has led to the conclusion 
that when sampling at considerable 
depth, the impact approaches plastic 
impact and a value of C; of 3. Correla- 
tion with the subgrade penetrometer 
indicates a value of C; of approximately 
2. which represents present practice. 
With these values of the impact factor, 
the static shearing resistance of cohesive 
clay is estimated from the penetration 
index, N, by the following equations, 
with the shearing resistance, S., in 
pounds per square inch. 


1323 
as. 
4 
- if 
ya 
> 
: 
‘ 
ip 
: 


Subsurface borings, S, = 0.6 N....(3a) 
Subgrade penetrometer, S, = 0.9 N. .(3b) 


Expressed in the customary unit of 
pounds per square foot (psf), the range 
for the shearing resistance, S, , estimated 
from penetration measurements is as 
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depth of the boring. Empirical relations 
have been worked out for reducing Ray- 
mond penetrations to the University of 
Michigan penetration index, as outlined 
below. These estimates of shearing re- 
sistance and, in fact, all penetration 
measurements taken in borings by pres- 
ently used equipment are now translated 


b= Se = 86N............. (32) jnto shearing resistance in pounds per 
S. = 130 N (3b) square foot in terms of Eq (3a). 
nd | Blow, 
Peg 33/| {48 94 13.0 176 
jas" 
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7 By far the greater volume of penetra- 
tion observations have been in connec- 
tion with samples from borings. In later 
years, most of this sampling has been 
done by contract with the Raymond 
Concrete Pile Co. using their standard 
penetration measurements. The Ray- 
mond penetration observations involve 
several substantial variations from stand- 
ards employed to establish the University 
of Michigan penetration index, NV, as 
outlined above. In the first place, the 
sampler is driven with a 140-lb weight 
falling 30 in., which is a much heavier 
blow. On the other hand, the standard 
length of drive is 12 rather than 6 in., and 
the dead weight of sampler and drill rod 
is much greater and varies with the 
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Fic. 2.—Typical Penetration Curves by the Michigan Method. 


Standardizing Variable Penetration Ob- 
servations: 


In order to use penetration measure- 
ments as they are ordinarily taken in 
current practice, it is necessary to pro- 
vide a means for reducing such measure- 
ments to an established standard. There 
are several variable factors involved; 
(a) the depth of penetration or length 
which the core barrel is driven may vary 
for many reasons; (6) the driving force 
of the blow, usually éxpressed in terms of 
a weight and height of fall, may vary; 
and (c) the dead weight of the sampling 
device varies through wide limits when 
the sampling is done at variable depth 
with corresponding lengths of drill rod 
or pipe. 
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Penetration per Blow 
P= 46 ot Gin 
P= 47 at Sin. 
P= 50 N~"°! at Gin. 
P= 60 N~'°! aot 3in. 
P= 70 N~"°! ot 2in. 
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Fic. 3.—Penetration per Blow versus Penetration Index. Pa ~ 
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In the original development of the 
penetration method, it was shown that 
for any given soil there was a definite 
relation between the number of blows 
for each inch of penetration and the 
penetration index, V. From these rela- 
tions, which are illustrated in Figs. 2 
and 3, it is possible to determine the num- 
ber of blows required to convert from any 
one depth of penetration to another. 
These daia have been plotted in Fig. 4, 
which shows the depth of penetration in 
terms of a percentage of any total 
penetration and a corresponding per- 
centage of the number of blows for any 
fractional penetration. A second curve is 
shown giving an inverse relation as a 
multiplier which can be used to deter- 
mine the number of blows required to 
increase the depth of penetration to a 
selected standard. 

The two following rules may be used 
as instructions for the use of the conver- 
sion factors represented in Fig. 4. 

Rule 1: To obtain the number of blows 
required to increase a smaller to a greater 
penetration, multiply the number of 
blows recorded for the fractional pene- 
tration by the multiplier from the curve 
at the given percentage of penetration. 


Example: If 8 blows were required for a 
penetration of 5 in., what is the penetration 
index, N, for the established standard of 6 
in. penetration? 

Penetration percentage = § 
83.8 per cent. 

Multiplier = 1.4. 

Penetration index, V = 1.4 x 8 = 
blows. 


x 100 = 


11.2 


Rule 2: To obtain the number of blows 
for a fractional part of a total penetration 
greater than required, reduce the total 
number of blows by a percentage reduc- 
tion on the curve at the required percent- 
age of the total penetration. 


Example: When the number of blows re- 
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ported for a penetration of 12 in. is 40, what 
would be the reduced number of blows for 
6 in. penetration? 

Penetration percentage = 
50 per cent. 

Percentage reduction in blows = 34.5 per 
cent. 

Reduced number of blows = 0.345 x 
40 = 13.8. 


vs X 100 = 


The conversion of Raymond penetra- 
tions to the University of Michigan 
penetration index also involves the 
magnitude of the blow and the inertia of 
the dead weight of drill pipe and sampler. 
In practice, these two variables are com- 
bined in a single empirical factor which 
modifies the impact factor, C; , used in 
the original development of the Univer- 
sity of Michigan Standard. 

As previously noted, the blow of the 
weight of 140 lb falling 30 in. is obviously 
much heavier than that of the 20 lb 
weight falling 34 in. used in the Michigan 
penetrometer. In many cases, however, 
this may be more than offset by the 
inertia of the dead weight and other 
impact-absorbing factors involved in 
sampling at considerable depths below 
the surface. Studies made by the Bureau 
of Reclamation laboratory in Denver 
(4), which were somewhat preliminary in 
nature, indicate that in  cohesionless 
soils, overburden pressure and relative 
density are the most important factors, 
but increased length and weight of drill 
rod and increased weight of the sampling 
device do have a measureable effect in 
increasing the apparent resistance to 
penetration. 

In the Michigan studies, the conver- 
sion of Raymond penetration to equiva- 
lent shearing resistance in cohesive ma- 
terials, or internal stability in granular 
materials, has been most definitely estab- 
lished in determination of the bearing 
capacity of hardpan in the Detroit area. 
There have been a number of major 


‘aes 
¥ 
j 
a 
qe 
4 
me 
wh 
* 
‘$ 
Pe 


HovusEL ON BEARING 


building projects involving the design of 
caissons or bearing piles, for which such 
studies have been made. In these cases, 
the Raymond penetrations are from pre- 
liminary borings in which the samples 
have been taken at depths of approxi- 
mately 100 to 120 ft. Later, during con- 
struction, the penetration resistance has, 
in some cases, been checked in the bot- 
tom of the caissons with the Michigan 
penetrometer. In other cases, full scale 
loading tests on end-bearing piles have 
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major office structure consisting of a 20- 
story office unit and a 14-story courts 
unit. Caissons were used in both struc- 
tures, bearing on hardpan at a depth 
of approximately 120 ft below ground 
surface. 

At the Conners Creek plant, the initial 
borings were made by the Raymond 
Concrete Pile Co., using their standard 
driving procedure. Subsequently, three 
sets of Michigan standard samples were 
taken in two test caissons at two eleva- 
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been made to provide an independent 
measure of bearing capacity and to check 
the estimates made from penetration 
measurements. 

The opportunities for a direct com- 
parison between the Michigan and Ray- 
mond penetrations consist of two projects 
in Detroit, where the Michigan penetra- 
tion index was measured and standard 
samples were taken during construction 
at the bottom of caissons. The first such 
project was in 1947-48 for an addition to 
the Conners Creek power plant of the 
Detroit Edison Co. The second was in 
1951 for the City-County Building, a 


250 300 350 400650 700 


Raymond Penetration "R" Blows for 12" Penetration 
Fic. 5.—Field Observations of Michigan and Raymond Penetrations. 


tions in hardpan. The hardpan was then 
checked in 78 caissons during construc- 
tion, with the penetration index being 
used to control the depth and bell di- 
ameter of the caissons. At the City- 
County Building, there were two sets of 
preliminary borings, one by the City of 
Detroit Soil Testing laboratory and one 
by the Raymond Concrete Pile Co. Sub- 
sequently, the Michigan penetrometer 
was used to measure the penetration 
index and obtain samples for laboratory 
shear tests in 126 caissons. The penetra- 
tion index was again used to check the 
bearing capacity of hardpan in each 
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caisson and to control the depth and bell 
diameter, both of which were varied to 
provide uniform support throughout the 
building. 

In Fig. 5, in which the Michigan pene- 
tration index is plotted as the ordinate 
and the Raymond penetration as the 
abscissa, the full range of variation in 
both types of penetration is shown by the 
length of the indicating arrows, and the 
average of the respective ranges is indi- 
cated by the plotted points. The num- 
ber shown in connection with each 
observation is the number of samples in- 
volved in each determination. There are 
two straight lines shown for comparison, 
which represent the factors used in 
converting Raymond penetrations to the 
Michigan penetration index. The dashed 
line represents a percentage reduction in 
blows from the 12 in. drive used by Ray- 
mond to the 6 in. drive used by the 
Michigan laboratory. 

At the depth of 100 to 120 ft to hard- 
pan, the heavier blow in the Raymond 
sampling is almost completely compen- 
sated by the inertia and other impact 
absorbing characteristics of more than 
100 ft of drill pipe. Based on the average 
penetration index as measured by the 
Michigan penetrometer at the bottom of 
the caissons, an added correction factor 
of 0.9 was applied to convert Raymond 
penetrations to the penetration index, V. 
This final conversion factor is shown as 
the full straight line in Fig. 5, which may 
be expressed by the following equation 
in which R represents the Raymond 
penetration: 


N = 0.9 X 0.345 R = 0.31 R 


It should be emphasized that this con- 
version has first been established for 
sampling in- borings and caissons at a 
depth of 100 to 120 ft. It depends upon a 
relatively small number of observations 
from the borings on the two projects 
cited, which provide the only direct 
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comparison between the two penetration 
methods available at this time. There are 
a number of other sources of experimen- 
tal data corroborating the above relation- 
ship between the two types of penetration 
measurement and establishing their 
relationship to other methods of measur- 
ing soil resistance. The presentation of 
these data in considerable detail is the 
purpose of this paper, and they will in- 
clude the following methods to be com- 
pared and correlated. 
1. Laboratory shear tests 
a. Ring shear 
6. Unconfined compression 
c. Triaxial compression 
2. Field loading tests 
a. Soil bearing or plate tests 
6. Friction or shear piles 
c. Point bearing piles to hardpan _ 


1. LABORATORY SHEAR TESTS 


The essential features of the test pro- 
cedures used are given below: 


Ring Shear Test: 


The shear test that has been most 
closely identified with the University 
of Michigan Soil Mechanics laboratory 
has been called the ring shear test. It 
has been in constant use at Michigan 
since 1934. In the past 22 years, this 
laboratory has conducted some 25,000 
such tests on all projects.* The test pro- 
cedure has been published in detail (3, 5, 
p. 286), and its practical application has 
been described in other publications 
(6, 7). So far as is known the ring shear 
test has been adopted in one form or 
another by 11 soil mechanics laboratories. 

One of the essential features of the test 
is its adaptability to commercial boring 
practice with a 12 to 2-in. core barrel 
and inner steel liners easily removable for 
shipping and laboratory testing. This 
permits the testing of the soil core in 


3 Includes 347 projects by the Michigan State 
Highway Dept. 
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double transverse shear without removal 
or handling of the soil core itself. The 
second and most important feature of 
the Michigan test is the method of incre- 
ment loading at constant time intervals. 


this may be determined, by extrapola- 
tion, the actual load at which progressive 
deformation begins. The final results as 
shown are thus independent of dynamic 
resistance and represent that applied 
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This permits determination of the rela- 
tionship between loading and rate of 
settlement necessary to measure the true 
yield value of the soil. 

Thus, the ring shear test is a measure 
of what may be called the static yield 
value or shear stress greater than which 
the soil will suffer progressive deforma- 
tion. In these tests, observations are 
made of the rate of shearing deformation 
for each load increment applied. From 


stress which may be sustained in static 
equilibrium. 


Unconfined Compression Test: 


Starting in 1942, the Michigan labora- 
tory has conducted an unconfined com- 
pression test in parallel with the ring 
shear test. This practice was adopted 
because of frequent collaboration with 
other laboratories where the wide dis- 
parity in shear test results caused 
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difficulty and misunderstanding. Under 
generally accepted procedure, the load 
in the unconfined compression test is 
applied at a continuous rate until failure 
is produced and in a much shorter period 
of time (5 min loading period). Over 
several thousands of parallel tests, it has 
been found that shear values obtained 
from these unconfined compression tests 
are very close to four times those ob- 
tained from the ring shear tests. This is 
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most cases brings the divergent results 
into close focus. 

The unconfined compression test has 
been described in detail (3, 5, p. 253), and 
only results are now to be given. Since 
1942, the Michigan laboratory has con- 
ducted some 22,800 such tests on all proj- 
ects. These tests have been on the same 
samples for which the field penetration 
was observed and ring shear test value 
determined. A direct comparison be- 
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Fic. 7.—Statistical Analysis of Shear Test Results. 


particularly true in the case of plastic 
clays of the truly cohesive type or in the 
case of saturated clays. It has also been 
found that for stiff clays and for materials 
which have granular characteristics, the 
ratio of the shear values obtained from 
these two tests is somewhat erratic, and, 
in general, higher than in the case of 
plastic clays. In presenting the results 
from the unconfined compression, it has 
been the practice to plot these shear 
values to a scale four times greater than 
is used for the ring shear test, which in 


Transverse Shearing Resistance 


tween the transverse shear from the ring 
shear test and the compression shear 
from the unconfined compression test is 
given in Fig. 6, which shows typical 
shear profiles from three different proj- 
ects. Attention is again directed to the 
dual scale and the fact that the equiva- 
lent static shear value from the com- 
pression test is only } of the value ob- 
served under the rapid rate of loading. 
The data in Fig. 6 have been selected 
to illustrate the two important observa- 
tions given in the preceding paragraphs 
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that can now be supported by results 
from thousands of tests. In all three 
projects, the agreement with the four to 
one ratio is very close in the soft or plastic 
clays, and it is substantially larger and 
more erratic in the stiff clays affected by 
granular structure. 

The statistical analysis of data such 
as these has been extended to further 
evaluate the ratio between compression 
shear and direct shear. In Fig. 7 are 
shown two probability curves in which 
the ratios of compression shear to direct 
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Fic. 8.—Physical Properties of Hardpan from 
the Triaxial Compression Test. 


shear have been plotted as the abscissa, 
and the percentage of the total number of 
samples tested is plotted as the vertical 
ordinate. These are job curves from 
which the most probable value of the 
shear ratio is determined. In the case of 
the Springwells plant, a shear ratio very 
close to 4 is indicated; while in the case 
of the City-County Building, the most 
probable value is 5.0. It may be noted 
that the number of samples involved in 
these two jobs is sufficient to establish 
a fairly adequate basis for statistical 
analysis, there being 255 and 92 samples, 
respectively. This is a condition which 
must be met to eliminate the effect of 
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the wide range of variation commonly 
found in individual soil tests and to 
provide a representative measure of soil 
resistance in the entire mass. 


Triaxial Compression Tests: 


The determination of the bearing 
capacity of hardpan requires more than 
a measure of shearing resistance, as it is 
a granular-cohesive mixture in which 
internal stability of the granular struc- 
ture is a controlling factor. In 1936 
(8), the author presented a new concept 
of internal stability based on several 
years of experimental research on granu- 
lar materials by Berry (9), which included 
what was then called a stabilometer 
test (2,5, p. 315). 

The mechanical advantage provided 
by a granular structure was clearly 
differentiated from shearing resistance 
and described in terms of arching action 
and mechanical arrangement of soil 
particles. Internal stability was defined 
as resistance to displacement arising 
from mutual support of adjacent parti- 
cles in the mass. In quantitative terms, 
internal stability of a granular material 
was measured directly by the principal 
stress ratio and translated into terms of 
an angle of pressure transmission, 9, 
as in the following equation: 


Since 1936, there has been much work 
done and much interest in the testing of 
soil and soil mixtures under triaxial 
compression. The triaxial compression 
test has been adopted by many labora- 
tories, both as a research tool and as a 
design test. Triaxial testing is still under 
development, and both the test proce- 
dure and interpretation of the test results 
are the subject of continued discussion 
(10). During this period, the Michigan 
laboratory has used the triaxial test 
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largely for evaluating stabilized mixtures. 
It has rarely been used in connection 
with the design and construction proj- 
ects of the nature under discussion in 
this paper, as the time and expense of 
obtaining the type and number of un- 
disturbed samples required is usually 
too great. 

However, such samples were obtained 
in connection with the design of caissons 
for the Conners Creek power plant of the 
Detroit Edison Co. This study serves to 
illustrate the relation between shearing 
resistance due to cohesion and internal 
stability and also provides an important 
link in the chain of development directed 
toward evaluating the bearing capacity 
of hardpan. It would appear that the 
most direct interpretation of the experi- 
mental results in Fig. 8 is expressed by 
the following equation, in which S, is the 
ie resistance due to cohesion: 


Analysis of these data by Eq 5 shows the 
shearing resistance due to cohesion to be 
5110 psf and the angle of pressure trans- 
mission, 0, was 22 deg 38 min, computed 
as follows: 

330 — 100 


cot?@ = — oa = 5.75 @ = 22 deg 38 min 


2 
+ pa cot*@........ (5) 


' = 35.5 psi = 5110 psf 


- this project, a relatively small 
number (21) of Michigan standard core 
samples (13 in. diameter) were taken 
from the preliminary test caissons for 
laboratory testing, as well as to obtain 
the penetration index correlation shown 
in Fig. 5. In these preliminary tests, 
shearing resistance, S., from the ring 
shear test varied from 1300 psf at the top 
of hardpan to 5000 psf in the densest 
hardpan at greater depth. The compres- 


pores | 
on BEARING CAPACITY OF SoILs 


sion shear from the unconfined test 
varied from 2220 psf at the top of hard- 
pan to 3165 psf at greater depth. During 
construction, 92 samples were taken 
from the bottom of the caissons at eleva- 
tions close to the top of hardpan. On 
these samples, the average shearing 
resistance, S,, from ring shear was 
1295 psf, and the compression shear, 
1925 psf. These data are cited partic- 
ularly as they provide an example of 
another method of evaluating the angle 
of pressure transmission, 6, when triaxial 
compression tests cannot be run. 

In connection with Fig. 8, the cohesion 


, was used to determine 


intercept 2Se 
sin 20 


the shearing resistance due to cohesion. 
This same relationship may be used in 
evaluating the angle @ from the ratio of 
unconfined compression to direct shear 
shown in Fig. 7. In so doing, the validity 
of the result will depend, first, on having 
a large enough number of tests to yield 
a representative average. Furthermore, 
it would be preferable to use the proba- 
bility curve analysis, but the figures in 
the preceding paragraph are arithmetic 
averages which give a less satisfactory 
measure, but still a reasonable approxi- 
mation. 

In the second place, this interpretation 
involves some basic principles about 
which there appears to be considerable 
confusion. In an element of mass sub- 


= 2 sin 20 = X sin 45 deg 16 min = 
m4 jected to principal pressures such as 


shown in Fig. 8, the shearing resistance 
due to cohesion is mobilized on a plane 
steeper than the 45 deg plane of maxi- 
mum shear. This means that the plane 
of failure is dictated by the grain struc- 
ture or mechanical arrangement of the 
particles, which prevent failure on the 
plane of maximum shearing stress. The 
failure takes place on this steeper plane, 
thus increasing the maximum pressure 
difference by a mechanical advantage 
factor, represented by a value of sin 2 @ 
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less than unity. This is the contribution 
of mechanical stability and it must be so 
interpreted in order to preserve the 
integrity of shearing resistance due to 
cohesion as being independent of normal 
pressure and shearing stress, both of 
which vary with the angle 6. 

It has become common practice to 
report the results of unconfined com- 
pression tests as one-half the observed 
compressive strength or shearing re- 
sistance, S,-, further modified by the 4 
to 1 ratio, to give an equivalent static 
shearing resistace, me . As long as the 
material is purely cohesive and the angle 
of shear failure is 45 deg, ee is numeri- 


cally equal to S. from the ring shear test. 
When the angle of failure, 6, is less than 
45 deg, the following relations hold: 


From the data given above from 
laboratory shear test on hardpan sam- 
ples from the Conners Creek plant, the 
angle of failure or angle of pressure 
transmission, 6, is 21 deg 14 min as 
compared to 22 deg 38 min from the 
triaxial compression tests. In the case of 
the City-County Building, the shear 
ratio was 5.0, instead of 4, as shown by 
the most probable value in Fig. 7. In 
this case, the angle @ would be: 


sin 26 = 50 = 0.80 deg 0 = 26 deg 34 min. 
. 


BEARING CAPACITY OF HARDPAN 


In order to bring field and laboratory 
determinations of soil resistance together 
in an integrated expression for estimating 
the bearing capacity of hardpan, a 
formula was presented in 1936 for the 
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bearing capacity of granular materials, 
based on the definition of internal 
stability already cited in this discussion 
(8). This formula was extended to include 
the effect of cohesion and surcharge as 
given in the following equation: 


: Kw cot®@ + (1 + cot?6) 
=- 
q 3 sin 20 


(6) 


Equation 6 has been used to make 
design estimates of the bearing capacity 
of hardpan based primarily on penetra- 
tion measurements but supplemented by 
laboratory shear tests in a limited num- 
ber of cases. On three major projects, 
full scale loading tests have been made 
on bearing piles, and they provide the 
final basis of correlation. 

The first term in Eq 6 can be desig- 
nated as internal stability. It contains 
one new factor, an edge coefficient, K, 
which was used to represent the re- 
sistance to displacement arising from 
pressure transmitted from the bearing 
area to supporting elements outside the 
central column, thus adding to the 
resisting lateral pressure. It was first 
introduced in the analysis of Berry’s 
plate loading tests performed in the 
laboratory on five types of granular 
material, including four natural grada- 
tions of a sand and gravel and lead shot 
(8). K varied from 11 to 16 for the natural 
granular materials and was close to 
unity for the lead shot. Later, Davis 
(11) found a similar increase in bearing 
capacity and reported a range of experi- 
mental values of the same order of mag- 
nitude. Also, McLeod (12) included this 
factor in the bearing capacity of bitumi- 
nous paving mixtures and suggested 
values of K ranging from 1 to 10. 

The second term in the equation 
evaluates the integrated effect of cohe- 
sion in bearing capacity. Special note 
may be made of the fact that the prin- 
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cipal stress difference on the element of 
mass from which lateral thrust is sup- 
plied is multiplied by the mechanical 
advantage factor, cot? @, when it is 
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magnified by a large mechanical advan- 
tage can only be mobilized if the sup- 
porting hardpan is virtually incom- 
pressible. This point has an important 
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Fic. 9.—Internal Stability Factors versus Penetration Index. — 


transmitted to the bearing area through 
the granular structure. 

The third term, which evaluates the 
effect of surcharge, needs no particular 
explanation as it contains only conven- 
tional factors of resistance. As a practical 
matter, the entire effect of surcharge 
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10 


bearing on the magnitude of developed 
capacity as measured by field loading 
tests. 

There are two factors of mechanical 
stability in Eq 6 that reflect the physical 
properties of the hardpan which must be 
determined quantitatively. These are 
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the angle of pressure transmission, @, 
and the edge coefficient, K. In general 
terms, it has been shown that both K 
and @ are affected most by the relative 
density and particle shape of the partic- 
ular aggregate. In approximate terms, 
K may vary from 1 to 25 with the usual 
range in natural granular materials being 
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this preliminary estimate was then 
checked by the field loading tests. From 
this accumulated experience, influenced 
by some theoretical considerations, the 
empirical relations shown in Fig. 9 
have now been formulated. The curve 
itself follows the variation of cot® 6, with 
the penetration index as the ordinate and 
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from 10 to 20, increasing as the density 
increases. The usual range of variation 
in 6 is from 30 to 20 deg, measured from 
the axis of maximum principal pressure, 
with the angle decreasing as the density 
increases. 

With these ranges as a background, 
estimating K and @ was a cut-and-try 
procedure on each project where esti- 
mates of bearing capacity were required 
in preliminary design. The accuracy of 
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Fic. 10.—Correlation of Shearing Resistance Tests and Penetration Index. 
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6 in degrees as the abscissa. A range in 
K of 10 to 15 has been coordinated with 
a variation in @ from 30 to 20 deg. 
The plotted points represent independent 
determinations of 6 by methods already 
described on those projects for which 
penetration measurements were availa- 
ble. 

The validity of the estimates of K 
can only be established by the results of 
pile loading tests, as there is no other 
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measure available. However, other meas- 
ures of @ are available, and the plotted 
points indicate that the estimate of @ 
in Fig. 9 is reasonable. There are still a 
relatively small number of check points, 
as these values are job averages on proj- 
ects of considerable magnitude, and not 
too frequent in occurrence. 


Correlation of Shearing Resistance and 
Penetration Index: 


The other soil resistance factor of 
importance in Eq 6 is shearing resistance 
due to cohesion. Correlation of shearing 
resistance with the penetration index 
has been presented in Fig. 10 for values 
of direct shear from the ring shear test. 
In order to summarize the large number 
of individual test results available, 
points have been plotted only for job 
averages, with the range of shear values 
and penetration index being indicated by 
the length of the arrows. The data shown 
are from projects in which the penetra- 
tion index was being measured with the 
Michigan penetrometer. Field penetra- 
tion as measured by the Raymond 
standard has not been correlated except 
for the observations on hardpan at 
depths of 100 to 120 ft. Statistical studies 
are now in progress by which it is hoped 
to establish the variation of the Ray- 
mond penetration with depth below the 
surface in terms of shearing resistance 
from laboratory tests. 

Other data shown represent shear 
values determined by field loading tests, 
some of which have been previously 
reported (1,2). The shearing resistance 
values from plate loading tests have been 
deduced from developed pressure in the 
linear equation for bearing capacity (1). 
The shear values from loading tests on 
friction piles involve the analysis of 
such tests which are outlined in the 
following discussion of field loading tests 
on piles. 
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correlation between penetration observa- 
tions and other methods of measuring 
soil bearing capacity have been reported 
by McLeod (13). He conducted a com- 
prehensive series of observations with 
parallel tests on clay subgrades for air- 
port runways, including plate bearing 
tests, California Bearing Ratio (CBR), 
cone bearing (North Dakota Cone Test), 
Housel penetrometer, and triaxial com- 
pression tests. In summarizing the results 
of these tests on eight airports in Canada, 
he concludes that cone bearing and 
Housel penetrometer give the most con- 
sistent correlation with measured bearing 
capacity, and both are rapid tests in- 
volving only simple apparatus. In com- 
paring the relative merits of the differ- 
ent types of penetration devices, it 
appears that there is little to choose be- 
tween cones, driving points, or core 
barrels. The accuracy and reliability of 
any of the methods is more a function 
of precise measurement and _ logical 
analysis than of the type of penetrom- 
eter. The advantages offered by the 
use of the core barrel or sampling device 
is that it combines two objectives in one 
operation, that of obtaining the sample 
required for laboratory testing while 
making the penetration observation. The 
practical significance of this is that the 
penetration measurement can then be 
obtained in the normal process of sam- 
pling used in commercial boring practice. 
The result is valuable data at little 
increase in cost, and a_ considerable 
saving in time. This makes it possible 
to adopt more adequate soil investiga- 
tion on a wider range of construction 


projects. 
Ai 


The simplest type of test for measuring 
shearing resistance has been a loading 
test on an open end steel cylinder pile. 
With such a pile, the friction or shear on 
the core and point resistance could be 
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eliminated in some of the tests by re- 
moving the core. A particularly complete 
series of such tests was made by the 
Detroit Edison Co. at the Delray power 
house in 1931, and some of the results of 
these tests have been reported (14). 
Other structural steel shapes have also 
been used, and tests have likewise been 
made on timber and concrete piles. 
Altogether, there have been more than 
300 field loading tests conducted to date 
on all types of piles, but correlation of 


100000 


CAPACITY OF SOILS 1337 


upon removal of the load, or without 
progressive yielding under load. With 
respect to permanent deformation, this 


principle has been enunciated by Reiner 
(15) as follows: 


“When a body has been transformed by 
being subjected to load . . . and the loads are 
removed, part of the deformation will be re- 
covered. This part is elastic and is called 
strain. From this definition there follows 
that we cannot determine strain from a 
loading diagram in which the total deforma- 
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16" Steel Cylinder in Soft Clay 
Detroit Edison Co. 
Delray Power Plant, 193! 


Ol 02 


0.3 


0.4 as 


Settiement, in. 
Fic. 11.—Load-Settlement Diagram for Shear Pile. 


side shear values obtained in later years 
with the penetration index is again. 
awaiting completion of statistical studies 


of the Raymond penetration observa- 
tions. 


Loading Test Procedures: 


The loading test procedure that has 
been evolved for piles follows in principle 
that used for laboratory shear tests and 
plate loading tests for soil bearing. The 
principle is that the strength of any 
material can be determined from its 
elastic properties and its ability to carry 
load without permanent deformation 


tion is recorded, but only upon unloading 
when we see how much of it is recovered.” 


In addition to determining the elastic 
limit or rebound, there is a second tech- 
nique which is equally effective. This 
method is to determine the yield value 
of the supporting medium by measuring 
the rate of deformation for various loads 
and, by extrapolation, establish the load 
at which yielding or progressive defor- 
mation begins. This determination in- 
volves increment loading at constant 
time intervals from which consistent time 
versus rate of deformation relations can 
be obtained to establish the yield value. 
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This method has been accepted as an 
alternate procedure by the society in its 
Tentative Method D 1143.‘ 

A third procedure which has been used 
is repetitive loading. This is an effective 
means of establishing the character of 
the permanent deformation or set, how- 
ever small, which takes place upon the 
application and removal of load in each 
loading cycle. This gets into the field of 
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The ultimate capacity of the pile shall be 
defined in these tests by any one or the 
average of the following determinations, 
whichever is judged by the engineer to be 
the most representative under existing con- 
ditions. 

1. The yield value, or load at which 
progressive settlement begins, as deter- 
mined by extrapolation of the rates of 
settlement for each load increment. 

2. The load carried at a settlement 


100000 


0./46 
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Settlement, in. 
Fic. 12.—Repetitive Loading Cycles on Shear Pile. 


fatigue testing and, while it is time con- 
suming and expensive on the scale of 
field loading tests, the results are often 
so illuminating that it is justified in cer- 
tain cases. 

All three of these methods have been 
incorporated in typical specifications 
for conducting pile loading tests which 
follow, the essential parts of which have 
been incorporated in the new Detroit 
Building Code (16). 

* Tentative Method of Test for Load-Settle- 


ment Relationship for Individual Piles (D 1143 - 
50 T), 1955 Book of ASTM Standards, Part 3, 


equal to the measured elastic deformation 
or rebound. 

3. The repetitive load at which there is 
no further permanent deformation, or at 
which the rebound approaches 100 per 
cent of the measured settlement. 
Repetitive loading cycles are normally re- 

quired only under conditions in which the 
determinations under (1) and (2) are inade- 
quate. 


Typical Results of Pile Loading Tests: 


Data to support the validity of the 
test procedures outlined above and the 
determinations of ultimate supporting 
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= Fic. 14.—Load-Settlement Diagram—12-in. H Pile Bearing on Rock. 
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capacity are presented in a series of tests 
selected from typical projects. The re- 
sults as shown on the various diagrams 
stand on their own feet, and the review 
and comments will be as brief as possible. 
The tests include some typical tests on 
friction or shear piles to cover the 
measurement of side shear. This is a 
factor even in bearing piles, although 
they deliver the major part of the load 
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measure of the elastic limit of the sup- 
porting medium after such improvement 
as may have resulted from the loading 
cycle. The clay involved in these two 
tests is soft and plastic and may be 
classified as a saturated clay. The distinc- 
tive behavior of these piles is further 
marked in Fig. 12 by the evidence that 
the permanent settlement is all shearing 
displacement rather than consolidation 


120 


Mistersky Power Station 


8 
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Fic. 15.—Repetitive Loading Cycles—12 in. H Pile Bearing on Rock 


to some highly resistant substratum 
such as hardpan or rock. 

Figures 11 and 12 illustrate the be- 
havior characteristics of a pile supported 
almost entirely by side shear in a purely 
cohesive clay. In all cases, there is an 
extended range of elastic behavior with 
settlement proportional to the load. This 
is followed by a rather abrupt transition 
to progressive settlement with negligi- 
ble increase in load, and finally a re- 
bound equal to or slightly greater than 
the elastic deformation determined by 
intersection of the tangents to the load- 
settlement diagram. The rebound is a 


and the fact that repetitive overloading 
under static load neither impairs nor 
improves the supporting capacity. 
Figures 13, 14, and 15 are all taken 
from the Mistersky power station proj- 
ect, in Detroit where soil conditions are 
similar to those at the Delray power 
plant, except that the clay was somewhat 
softer. The shearing resistance by the 
ring shear test varied from 50 to 150 
psf with an average value of 110 psf 
for a depth of some 90 ft above hardpan. 
The validity of the shear tests was 
questioned, so several test piles were 
driven, the first one of which was stopped 
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1G. 16.-—Load-Settlement Diagram—Pile Bearing on Hardpan. 
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River Rouge Power Plant, 1953-54 
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short of hardpan and subjected to a pull 
test. These piles were 12-in. H_ piles, 
providing a shear area of 6 sq ft per ft 
of steel in contact with soil. 

Prior to testing, the load required to 
pull the pile was computed from the 
shear tests as varying from 27.5 to 30 
tons, depending upon whether the pile 
pulled clean or pulled with the flanges 
filled with clay. The results shown in 
Fig. 13 satisfied the questions that had 
been raised. 
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after the hardpan had been disturbed 
by driving. The total side shear load 
actually developed exceeded that devel- 
oped in the overlying clay by only a small 
amount. 

It is much more important to note in 
cycle 1 that after the side shear had been 
exceeded, the 12-in. H pile knifed into 
the rock as shown by the considerable 
increase in total settlement and perma- 
nent deformation. While the amount of 
permanent settlement was only 0.25 


500 
400 
345 Tons 
fo) 
300 
2 200 — — 
a Cast-in-place Raymond Concrete Pile 
River Rouge Power Plant, 1953-54 
0.! 0.2 0.3 04 0.5 07 


Figures 14 and 15 show the results of 
a similar 12-in. H pile that had been 
driven through approximately 4 ft of 
hardpan to refusal on the underlying 
limestone. Figure 14 shows the first two 
loading cycles, and particular attention 
is directed to cycle 1. There is an abrupt 
change in slope of the load-settlement 
diagram just in excess of the 30 tons 
computed as the side shear above the 
hardpan. In this connection, it should 
be stated that there is no adequate basis 
for estimating the side shear in hardpan 
on the vertical steel surface of the pile 


Rate of Settlement, in. During Last 30 Minutes 


= Fic. 18.—Yi i —Pile Beari Hard 
1G. 18.—Yield Value Diagram—Pile Bearing on Hardpan 


in., there was positive evidence of in- 
creased penetration. 

Following the first two loading cycles, 
the series of repetitive loads was con- 
tinued as shown in Fig. 15 to explore the 
action of the H pile on rock. Cycles 3, 4, 
and 5 have not been plotted, but loads 
applied did not exceed 50 tons and the 
additional permanent settlement was 
very small. The same is true at loads of 75 
and 100 tons in cycles 6 and 7. However, 
when the attempt was made to increase 
the load to 120 tons, additional penetra- 
tion resulted. Three load repetitions at 
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120 tons demonstrated that the perma- 
nent settlement after each cycle was 
decreasing. The results indicate that 
permanent stability was being achieved, 
and it may be presumed that after a 
sufficient number of repetitions, the 
rebound would be 100 per cent. 

Figures 16, 17, and 18 have been taken 
from a recent project to illustrate the 
typical behavior of high-capacity bearing 
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16 provides two methods of establishing 
the elastic limit which may be defined as 
the load carried at the maximum elastic 
deformation. The elastic deformation 
may be taken as the intersection of 
tangents to the load-settlement diagram 
or equal to the total rebound. The re- 
bound is considered a more reliable 
measure of the total capacity of the 
supporting medium as it includes the 
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piles designed and driven to mobilize 
the maximum supporting capacity 
available on hardpan. This particular 
pile was loaded to a maximum of 450 
tons, and it has become common prac- 
tice to test such piles up to maximum 
loads of 500 tons or more. These three 
figures also illustrate the testing proce- 
dure and methods of analysis for such 
pile loading tests that represent what is 
becoming standard practice in the 
Detroit area. 

The load-settlement diagram in Fig. 


300 400 500 600 
Yield Value, tons 


Fic. 19.—Comparison of Yield Value and Elastic Limit from Pile Loading Tests. 


improvement due to the load applica- 
tion. Rebound and elastic deformation 
may approach equality after a sufficient 
number of loading cycles have been con- 
ducted to establish complete elastic 
behavior. 

Figures 17 and 18 illustrate the second 
method of establishing maximum capac- 
ity of a bearing pile by determination 
of the yield value. Figure 17 shows a 
typical set of time-settlement curves 
from which a terminal rate of settle- 
ment may be established for each load 
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increment. The spread of these curves 
indicates the beginning of yielding, but 
plotting their slopes against load as in 
Fig. 18 is a positive determination of the 
yield value. 
It may be noted that the three separate 


rebound alone must be accepted as the 
measure of the elastic limit. Figure 19 
further illustrates the close agreement 
found between the load at the rebound 
elastic limit and the yield value. These 
data include all complete loading cycles 


determinations of the maximum capac- on the four projects on which the bearing 


TABLE I.—SUMMARY OF PHYSICAL PROPERTIES OF HARDPAN-CORRELATION 
OF ESTIMATED AND MEASURED VALUES. 


Penetration Index, NV) Resistance Factors Computed Bearing Capacity I 


i 
Measured | Ratio, 
ott | eating 
sion, |charge| C, 
kips | kips | tons | per sq ft |Per cent 


per 
sq ft 


Radius 


Shear | Pres- of 
Ay- |Value, | sure |Edge | Area, 
erage | Se: Ib |Angle, |Coef.| 7, ft 
per | 6, deg 
sq ft 


Static | Intern- 


Range 


18 to 75 | 41.6) 3580) 25.6)12.2}0.564) 108 


1 164.2 
0.795) 108 | 18. 


166.9 


68.7 42 
51.1 31 


19 to 80 | 42.6) 3660) 25.3)12.30.47 | 119 


1 52 | 297 |180 
0.47 | 118 | 1 


96.4 
193(a) |108 


49 to 148 | 98.0) 8430) 21.8)14.1|0.47 | 106 | 29. 


175 | 525 364.9) 261 72 
0.687) 106 | 43. 


175 | 525 |371.8) 236 | 64 


30 to 106 | 54.5) 4690) 24.2/12.8)3.5 


3 
7 
3 
-3| 52 | 295 |179 
8 
6 
0 


75 | 292 |240 (25) (6) | (10+) 


15 to 83 


64.2) 5520) 23.5/13.2/0.50 
0.583 


197.3) 244 124 


190.4 282 141 


@ Project A—Conners Creek power plant—Detroit Edison Co. 

Project B—Michigan Mutual building—(a) Driven to refusal. 

Project C—St. Clair power plant—Detroit Edison Co. 

Project D—City-County Building—(b) Maximum design pressure for caissons. 
Project E—River Rouge power plant—Detroit Edison Co. 


2Sec (1 + cot? 6) 
sin 2 @ 


+ wih cot 6. 


Density of hardpan = w2 = 140 lb per cu ft. 


of clay overburden = w; = 125 Ib per cu ft. 


ity of the pile under discussion check 
within rather close limits. Close agree- 
ment between the elastic limit and the 
yield value is not unusual when the con- 
trol of load application follows the pre- 
cision technique outlined herein and the 
analysis of test results also follows pre- 
cise methods. The close agreement be- 
tween the elastic deformation and re- 
bound only occurs when the supporting 
soil is completely consolidated. In many 
cases, this may not be true and the 


Computed bearing capacity = Internal stability + Cohesion + Surcharge = 


capacity of hardpan has been evaluated 
by pile loading tests. 

There remains one final comparison 
that seems necessary to give a complete 
picture of the developments in the design 
of deep foundations in the Detroit area. 
This developmént may be best described 
by pointing out several significant trends 
which have become evident, illustrated 
by the numerical values summarized 
in Table I. 

In this connection it is first interesting 
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to note that estimates of bearing capacity 
by Eq 6 result in predicted bearing capac- 
ity of several hundred tons per square 
foot. These estimates assume full mo- 
bilization of shearing resistance due to 
cohesion, internal stability and sur- 
charge, all magnified by the mechanical 
advantage of the granular structure. 
The predicted bearing capacity in order 
of magnitude is 8 to 10 times the nomi- 
nal bearing values which may be found 
in standard handbooks and _ building 
codes for rock. The use of such high 
bearing values would be quite out of the 
question unless they could be demon- 
strated beyond any reasonable doubt 
by both theory and laboratory experi- 
ment, backed up by full scale loading 
tests. That is what makes the compara- 
tive figures in Table I of such interest. 

Field penetration measurements on 
five major projects have been translated 
into the soil resistance factors, S., 
6, and K. The bearing capacity of hard- 
pan has then been estimated in terms of 
the three sources of resistance in Eq 6, 
designated as internal stability, cohesion, 
and surcharge. In four of these projects, 
the actual bearing capacity of the hard- 
pan has been measured by field loading 
tests. In each case, the test loading has 
been reduced by the amount of side 
shear to obtain the net load transmitted 
to hardpan by bearing at the point of the 
pile. The side shear has been computed 
from shear values above hardpan from 
laboratory tests and estimated from the 
penetration index in hardpan. 

In the last column is shown the per- 
centage of the computed bearing capac- 
ity that has actually been mobilized in 
the field loading tests. In the case of one 
project, the City-County Building, there 
were no loading tests performed, and the 
maximum pressure used in the design of 
the caissons has been shown for com- 
parison. With this one exception, it is 
interesting to note that the measured 


bearing capacity is of the same order of 
magnitude as that computed, that is, 
several hundred tons per square foot. 
One of the most significant features of 
these data is the demonstration that, by 
heavy driving, it is possible to develop 
the maximum supporting capacity of 
hardpan exceeding, in some cases, the 
capacity computed from average pene- 
tration resistance. In project A, the 
loading tests were on bearing plates set 
at the bottom of a test caissons and no 
driving was involved. Analysis of tests 
indicated that the hardpan was not 
sufficiently incompressible to mobilize 
the surcharge at the full mechanical 
advantage of the granular structure. This 
may be contrasted with project E, at 
the River Rouge power plant, where 
unusually heavy driving was employed. 
The piles were driven through the less- 
resistant hardpan, and this, in combina- 
tion with possible preconsolidation, 
resulted in the high capacity developed. 


SUMMARY 


The penetration method of measuring 
soil resistance first presented to the 
Society in 1935 has been extended to a 
wide variety of soil conditions in the 
solution of design and _ construction 
problems. The quantitative relationships 
which have been used are presented in 
the following summary: 

1. The equivalent shearing resistance, 
S., from cohesion has been correlated 
with the University of Michigan pene- 
tration index, .V, in terms of an impact 
factor, C;. 


(3) 


2. The impact factor C;, has been 
evaluated empirically and varies from 
as low as 3 for plastic impact to values 
approaching unity representing elastic 
impact. The value of 3 is used for 
commercial boring operations with con- 


siderable lengths of flexible drill rod or 


4 
| 
» 
« 
J 
a 
= 
~ 
— 
te 
1s L- 
1 
1g 
+ 


pipe. Shearing resistance is then given 
by the following equation: 


= 86 N.. . (3a) 


3. The Raymond Penetration, R, 
widely used in commercial boring prac- 
tice has been correlated with the Univer- 
sity of Michigan penetration index, .\, 
for sampling in hardpan at depths of 100 
to 120 ft. The following empirical rela- 
tionship applies to that depth but for 
other lengths of drill rod or pipe this 
numerical factor has yet to be estab- 


lished. 


4. The internal stability of granular 
mixtures has been expressed in terms of 
an angle of pressure transmission, @, 
and a dimensional coefficient, K, in- 
cluded in the bearing capacity 
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first presented to the Society in 1936 
(8). Curves showing the variation in these 
two physical properties with the pene- 
tration index, .V, are given in Fig. 9 
and were used in estimating the bearing 
capacity of hardpan. 

5. The estimates of shearing resistance 
based on penetration measurements are 
compared with independent laboratory 
shear tests and field loading tests in- 
cluding both plates and friction piles. 
The correlation of these data is shown 
graphically in Fig. 10. 

6. Estimates of the bearing capacity 
of hardpan by the penetration method 
have been substantially confirmed by 
the results of full size field loading tests. 
The results of these tests are presented 
graphically in Figs. 16 to 19 and the 
correlation has been in 


Table I. 
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‘Mr. A. L. BENTLEY, JR.! (by letter) — 
The author’s paper constitutes a signifi- 
cant step in the control of deep caissons 
founded in hardpan. However, it is 
stated that experience with the sub- 
grade penetrometer in connection with 
deep caisson construction is limited to 
only two major projects; therefore it is 
the purpose of this discussion to present 
some preliminary data compiled on a 
third major caisson project which is now 
under construction. This project con- 
sists of 51 bell and shaft type caissons 
carried to depths of approximately 103 
to 110 ft which are landed in a very vari- 
able hardpan with respect to the amount 
of clay binder, in some cases having none 
at all. The caissons are to support a 
power house addition of the Toledo 
Edison Co., and its program for their 
control was instituted with the coopera- 
tion of the Toledo Edison Co. and the 
assistance of the University of Michigan 
and the University of Toledo. 

At first, the only form of control con- 
sisted of converting the standard pene- 
tration test results obtained by the Ray- 
mond Concrete Pile Co., during the test 
boring program for this project, to values 
of the Michigan penetration index. 
These index values were utilized to 
compute ultimate bearing capacity of 
the hardpan from Mr. Housel’s 1936 
formula for bearing capacity of granular 
materials. All the variables in that 
formula are functions of penetration 
index or easily estimated units, leaving 


1 Foundation Engineer, The A. Bentley & 
Sons Co., Toledo, Ohio. 


the diameter of the bell as the design 
variable. For these bells, the computed 
ultimate bearing capacity is enormous; 
therefore, in an effort to reduce its values 
to the present general conception of this 
material they were reduced by a factor 
of 10 to a value called presumptive 
ultimate bearing capacity, and factors of 
safety were computed therefrom. The 
depth of the caisson and the bell di- 
ameter were computed from the con- 
verted Raymond penetration, and the 
material in the bell was checked visually 
with the samples submitted. This is the 
essence of the control program as 
originally intended. 

The appearance of this paper produces 
the addition of the use of the subgrade 
penetrometer to the control program. 
It is utilized to extract record samples 
and also samples for unconfined com- 
pression and transverse shear tests in an 
effort to check the validity of the design 
method. It is also utilized to serve as a 
check on the converted Raymond pene- 
tration values at the bell elevations in 
order to compare local conditions with 
the average of the widely scattered test 
borings, in view of the inconsistencies in 
the quality of the hardpan. 

Several interesting observations may 
be made at present, even on the basis of 
preliminary data. The highly granular 
character of the hardpan has produced 
highly scattered results of the transverse 
shear tests, so scattered as to make them 
useless. The results of the unconfined 
compression tests on the hardpan have 
shown virtually a 330 per cent increase 
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in resistance to penetration over that 
produced by cohesion alone. This is due 
almost entirely to the frictional resistance 
of the highly consolidated granular 
material. The presence of stone and the 
variations of weight of the subgrade 


penetrometer preclude the use of Fig. 3 
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the erratic results of the transverse shear 
tests on the hardpan. Indirect analysis 
of the results of penetration tests per- 
formed in hard, sandy clay at higher 
elevations indicate a ratio of 5. This clay 
has the same level of compression shear 
but only 22 per cent of the penetration 
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Np-index Values from Raymond Borings 


Fic. 20.—Preliminary Field Observations of Penetration Data. 


in computation of penetration index. 
The use of the penetrometer has virtu- 
ally eliminated the cumbersome deep 
well load test from consideration as an 
element of caisson control, except as a 
check on the validity of the penetration 
analysis. 

Thus far, on the basis of the pre- 
liminary data, no determination of the 
ratio of compression shear to transverse 
shear has been directly possible due to 


resistance of the hardpan. This is due to 
an estimated rise of angle of internal 
friction from 15 deg in the clay to a value 
near 44 deg in the hardpan. The element 
of localized control by use of the sub- 
grade penetrometer depends upon the 
accuracy with which it reflects the test 
borings in resistance to penetration. A 
comparison between the penetration 
index of the hardpan as taken by the 
penetrometer in the caissons to the 
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average penetration index computed 
from the Raymond values for design 
purposes is shown in Fig. 20. This chart 
is based on only sixteen determinations 
of resistance; however, it indicates a 
reasonable degree of correlation similar 
to that in Fig. 5 of the paper. The Ray- 
mond penetrations reported on_ this 
project were for lengths of drive less than 
12 in. due to the high resistance of the 
hardpan; therefore, the penetration in- 
dex had to be computed from the factors 
shown in Fig. 4 and allowing for an im- 
pact correction of 90 per cent. They were 
then plotted versus depth, and a selected 
average arrived at for design purposes. 
The local penetrations in each bell were 
plotted against the selected boring value 
in Fig. 20. The scatter in Fig. 20 seems 
due to a difference in compressibility of 
the hardpan in each case, since the 
element of mechanical advantage due 
to overburden is absent in the case of 
the subgrade penetrometer but is present 
in the case of the test boring resistance. 


This element of total bearing capacity 
cannot be mobilized in the case of slight 
compressibility. 

The local shear conditions reflected by 
the unconfined compression test in each 
caisson will serve to reevaluate the co- 


hesion factor in Mr. Housel’s 1936 
formula. The term S, was made equal 
to 86.V for design purposes on the basis 
of the Raymond borings but will be 
changed to a constant value based on the 
average compression shear value divided 
by five. This new value of S, will be only 
about 25 per cent of the original estimate. 

In short, the penetration method has 
brought a high degree of field control to 
the design and construction of deep 
foundations of the caisson type. 

Mr. W.S. House  (author’s closure) .— 
The author was glad that Mr. Bentley 
could take the time to report his experi- 
ence with the penetration method as out- 
lined in the original paper. Opportunities 
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to test the validity of field observations 
and design procedures under practical 
working conditions are all too few and 
none should be lost. That Mr. Bentley, 
working quite independently, was able 
to utilize these procedures and use them 
to advantage in the design of caissons 
for the Toledo Edison Co. plant is a 
source of gratification to the author. 

There are several points in Mr. Bent- 
ley’s discussion upon which some com- 
ment may be made. It is noted that the 
penetration method had only been used 
for design of caissons on two major proj- 
ects. This is correct but it should be 
emphasized that the major source of 
checking the validity of the field observa- 
tions and design procedures has been 
field loading tests on bearing piles. Four 
additional projects are cited in this 
connection and there were several other 
projects in progress at the time the paper 
was written which have since been com- 
pleted. 

Mr. Bentley notes that the bearing 
capacity computed from penetration in 
highly consolidated granular material is 
enormous and he applies a reduction 
factor of 10 to obtain a presumptive 
ultimate bearing capacity more in line 
with conventional practice. Such a re- 
duction is understandable and provides a 
high safety factor quite desirable in deep 
foundations. Settlement is also a con- 
tingent factor of great importance and in 
hardpan not completely consolidated 
may justify a large reduction in capacity 
allowed in design. However, these prac- 
tical considerations should not lead to 
overlooking the fact that this apparently 
enormous ultimate bearing capacity was 
actually developed in the field loading 
tests on piles. In the case of bearing piles, 
heavy driving may be used to precon- 
solidate less dense hardpan or drive 
through the weaker strata. Particular 
reference in this connection is made to 
project E in Table I where measured 
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bearing capacity considerably exceeded 
that estimated. This was the result of 
heavy driving and consolidation due to 
loading. 

There is one other comment that may 
be made and that has to do with the 
statement in the discussion regarding the 
high frictional resistance of the consoli- 
dated hardpan. Thinking of the resist- 
ance to penetration or displacement as a 
function of shearing resistance due to 
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internal friction is the conventional con- 
cept. The author would like to point out 
that the resistance of granular materials 
to displacement is conceived in this paper 
as internal stability due to mutual sup- 
port between particles and quite different 
from internal friction as it is universally 
defined. This is basic in the treatment of 
granular materials on which this develop- 
ment of bearing capacity relations is 
based. 
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SYNOPSIS 


This paper is intended to illustrate the practical applications of environ- 
ment testing of soils, in order to obtain more representative, adequate, and 
reliable information and soil test data for use in practical problems in soil and 
foundation engineering. The problems discussed show what environmental 
conditions and conditions imposed by the construction of structures should 
be taken into account in the testing and how they may be taken into account 
in the soil testing in order to achieve the above objectives. Standards of soil 
testing are used as the basic framework for the testing, but in each case special 
provisions and modifications are introduced in order to fit the testing pro- 
cedures and techniques to the special environmental conditions that control. 
The principal objective in the soil testing is faithfully to reproduce the en- 
vironmental conditions and imposed conditions that control in each situation 
in accordance with simulated service testing principles, which are becoming 
more and morz <-~~™only used in testing manufactured products in indus- 
try. This is learning how to test and to treat real soils under essentially real 
conditions, as an important forward step in soil testing procedures and tech- 
niques, 


Soil testing is a most essential and into account in soil testing; and to “spell — 


basic aspect of soil investigations for 
foundations of structures and earth- 
works, It is really a work of discovery 
to disclose, to bracket properly, and 
to take fully into account the kind and 
range of soil character and the environ- 
mental influences that control responses. 
The major objective is to obtain repre- 
sentative, reliable, and adequate soil 
test data for use in practical problems 
in soil mechanics and foundation engi- 
neering. The problems cited from a large 
number of investigations illustrate and 
show what natural environmental and 
imposed conditions should be taken 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17—22, 1956. 
1 Professor of Civil Engineering, Columbia 


University, New York City. 


out” in some detail how representative 


character and responses of soils can be 


consistently determined thereby. 


Three fundamental concepts should 


govern attitudes, 
tices in testing soils, which are the in- 


herently variable and complex products | 


of geological and weathering processes 
and of the natural environment. 

1. The character and responses of | 
soils are predetermined and governed 
by the influences of environmental 
conditions. Soil, due to the nature of 
its character and responses, is strongly 
susceptible to the influences not only of — 
the natural environment but also of the | 

2 The boldface numbers in parentheses refer 


to the list of references sppended to this paper, 
see p. 1371. 
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artificial environment imposed in a soil 
test method. 

2. Soil test procedures should ade- 
quately and representatively reflect the 
influences of the environmental and 
imposed conditions. The basic problem 
of testing soils is that of reconciling 
natural environmental conditions and 
the artificial environment imposed in a 
soil test. If test conditions are not 
representative of a situation, then the 
measured responses of the soils are 
certain to be modified from the original 
responses accordingly, but in an un- 
known manner and degree. Hence the 
test data will be deficient in these essen- 
tial aspects. In order to insure adequacy 
of soil test results, it is necessary to 
learn what the conception of being 
representative really means in each 
method of test, when applied to specific 
conditions, and how it may be attained 


practically and consistently in soil 
testing. 
3. The controlling influences and 


complex interaction of environmental 
and imposed conditions on soil responses 
can be determined reliably and ade- 
quately only by soil tests that are 
representative of and essentially repro- 
duce the influences of these conditions 
prevailing or to be imposed under field 
conditions. The major emphasis should 
be given to the concept of adequacy of 
test results, because this is determinative 
in their interpretations and uses, and in 
the real adequacy of design of founda- 
tions and earthworks based thereon. 


PRINCIPLES OF ENVIRONMENTAL 


TESTING OF SoILs 


The problems of soil testing are 
principally those of “Controlled Environ- 
ment Testing of Soils” (1) to bracket 
and to evaluate representatively the 
variable and complex conditions en- 
countered in practice. Standards of 
controlled environment test methods 
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can provide a basic framework of 
principles of soil testing for each method 
of test. A test procedure can be made 
to reproduce and to reflect significantly 
and representatively specific environ- 
mental conditions that control through 
special provisions and alternate test 
conditions and procedures within the 
basic framework. The real test for select- 
ing and modifying alternate test condi- 
tions is that of making them representa- 
tive, as the valid and practical approach. 

In many cases these modifications of 
test conditions may be relatively simple 
and not involved, but they will be found 
to be the common sense approach. How- 
ever, the problems of making strength 
tests of soils representative are inherently 
more difficult and involved, requiring 
technical skill and understanding, but 
the attainment is also much more im- 
portant. 


IDENTIFICATION TESTS 


Applications of these concepts and 
principles are made first of all for the 
identification tests, such as sieve anal- 
yses, hydrometer tests, liquid and plastic 
limits tests, and laboratory and field 
identifications of soils by visual and 
manual methods. Here is the first 
opportunity in each situation for dis- 
covering the essential features of the 
real soil character, particularly with 
regard to their favorable and unfavorable 
aspects and their suceptibility to en- 
vironmental influences, or to possible 


methods of improvement of certain 
significant qualities (2, 3). 
Case 1: 


This case concerns certain aspects of 
an investigation for the installation of a 
large storm drain adjacent to a railroad 
bridge abutment, requiring unwatering 
of the site and underpinning of the 
abutment without interruption of rail- 
road traffic. Some 23 quart jars of 
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samples obtained from 3 borings by a 
standard 2-in. by 13-in. split barrel 
sampler were tested by a soil laboratory 
to determine their grain size character- 
istics. A part of each sample was dried 
and tested by sieving with a final 
washing through the No. 200 sieve. No 
significant information was supplied on 
the character of the material passing 

the No. 200 sieve. 
The author was called in later to 
evaluate the test data with regard to 
3 172 44 38 4 


8 16 30 
iL 


fractions. It was immediately evident, 
from an examination of the two bottles 
for each sample, that a completely 
unrepresentative specimen had _ been 
taken for the sieve analyses in every 
case. The sieve specimens were about 
60 per cent of the total sample (dry 
weight basis) but they contained prac- 
tically all of the gravel larger than the 
No. 4 sieve from the entire sample. 
The soil from each remaining moist 
specimen was identified by visual and 
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Fic. 1.—Case 1.—Evaluation of Probable True Identification and Grain Size Curve of Soil Sam- 


ple Unrepresentatively Tested. 


Probable true identification—Brown coarse to fine SAND, little Clayey Silt, some medium to fine 


Gravel. Slight PI. 


Original sieve analysis specimen—301 g dry weight 61.4 per cent 


Remainder of original sample— 
490 g 


189 gdry weight 38.6 per cent 


Relation for estimating probable true percentages for any grain size, D 


Percentage finer by weight (Curve 3) = per cent (Curve 1) X 0.614 + per cent (Curve 2) X 0.386 


the drainage characteristics of the soils 
for the unwatering of the site by well- 
points, and with regard to the adequacy 
of the bearing values of the soils beneath 
the abutment for the underpinning 
operations. It was found to be impossible 
to evaluate these data sufficiently 
reliably for these essential purposes. It 
was considered essential either to obtain 
the remainder of the original samples, 
if available for examination, or to 
request additional borings. Fortunately, 
the unused portions of the samples were 
still available, as well as the dried sieve 


manual methods (3, pp. 428-433) to 

determine whether silt or clay dominated 
the character of the soil. There was not 
enough material to make both grain 
size analyses and consistency limit tests. 
The identifications revealed that the 
soils were quite clayey and plastic in 
character. The evaluation of the data 
then required making grain size analyses 
of the remaining moist soil of all sam- 
ples. It was possible to make a combined 
sieve and hydrometer analysis by the 
vertical stirring rod method for the 
dispersion of these specimens containing 
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such large quantities of sand, allowing 
practically all of the sand to settle out 
of suspension in the last 20 sec of the 
final dispersion. A sieve analysis was 
performed after the hydrometer test. 
The grain size curves of the original 
sieve specimen and of the remaining 
specimen, together with identifications 
of the materials and other pertinent 
data are given in Fig. 1. for a typical 
sample. 

The probable true grain size curve of 
the original soil sample was evaluated 
by taking proper proportions, as indi- 
cated in Fig. 1 of the two curves, for a 
sufficient number of particle sizes to 
define the new grain size curve. The 
probable original soil contained consider- 
ably less gravel, but more material 
passing the No. 200 sieve of a clayey 
silt character. The drainage character- 
istics (9, pp. 14-15, 23) of the probable 
original soils are therefore less favorable 
than might be anticipated from the 
original sieve data, and near the lower 
limit of successful well point dewatering 
in the upper stratum, but were somewhat 
better in the underlying stratum. The 
potential supporting values (4, Fig. 4) 
of the soils beneath the abutment were 
revealed to be poorer than would be 
indicated by the relatively higher gravel 
content and lower per cent of material 
passing the No. 200 sieve of the original 
sieve data. But there was now a greater 
consistency of relations between soil 
character and the driving resistances of 
the sampler. 

The testing had thus obscured these 
relatively unfavorable aspects and was 
unrepresentative and deficient. It should 
be clear that no soil testing should be 
undertaken without essential information 
or knowledge being obtained or supplied 
on the nature of the problems involved 
and of the conditions that control. 


This case concerns the investigation 
of borrow material for an extensive 
railroad grade crossing elimination in- 
volving some 300,000 cu yd of embank- 
ment material. Grain size analyses of 
borrow materials were made by a soil 
laboratory by sieving with a final wash- 
ing through the No. 200 sieve. Con- 
sistency limit tests were made to indicate 
the character of the material. No data 
on the amount of oversize material was 
supplied. The author was called in later 
to establish criteria for compaction and 
construction control and to prepare 
specifications for construction. There 
was a limitation fixed by the railroad’s 
practice on the amount of material 
passing the No. 200 sieve of 25 per cent 
for acceptability of borrow material for 
embankments. The grain size analyses 
submitted were of very little help and 
were deficient for these purposes, par- 
ticularly for determining whether the 
limitation of 25 per cent passing the 
No. 200 sieve was either adequate or 
justifiable in this case. 

In the most favorably located borrow 
area on a side-hill close to the embank- 
ment site large bag samples were ob- 
tained from three bulldozer cuts at 
depths of 13 to 4 ft and 5 to 7 ft, which 
provided a reasonably representative 
coverage for these purposes. The soil 
was the product of extensive weathering 
of diabase under temperate humid cli- 
matic conditions. It was an orange-red 
color containing partially weathered 
fragments of the dark gray original 
rock. This color indicated considerable 
oxidation of ferrous iron to the ferric 
state in the soil. The samples were taken 
in the spring of the year with tempera- 
tures below freezing and with the soil 
in a very wet condition. Construction 
was scheduled to start as soon as freezing 
temperatures ceased. It was considered 
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essential for these purposes to maintain 
the soil samples for all tests in a moist 
condition representative of the natural 
state of hydration in the early spring, 
but adjusting the moisture content to 
the conditions of each test. 

The first step in this investigation was 
to obtain representative grain size 
analyses of these samples to disclose the 
character of the soils and the variations 
over the area and with depth. Each bag 
sample was placed in a large concrete 
pan. Weighings were made at all stages 
of the preparation of these samples for 
the various tests, so that complete 
evaluations could be made of the data. 
All of the rock fragments larger than 
the 1-in. sieve were removed from each 
sample, in preparation for other tests. 
The rock fragments were brushed clean 
of adhering moist soil with a wire 
brush and were weighed after air drying. 
A representative moisture content was 
taken from each pan after thoroughly 
mixing the material. The pans were then 
covered to prevent moisture loss until 
the soil was to be used in later tests. A 
sieve analysis was made on the entire 
rock portion removed from each sample 
below a maximum size of 4 in. permitted 
in the embankment down to the 1-in. 
size. The percentage of oversize material 
to be removed by the contractor from 
these borrow materials was determined 
for each sample and varied from a low 
value of about 2 per cent near the surface 
of the ground to about 12 per cent at a 
depth of 5 to 7 ft. A representative 
specimen of 3000 g of moist soil was 
selected from each pan after thorough 
mixing. The moist specimen was readily 
worked through the 2-in., 3-in. and No. 
4 sieves by means of a stiff wire brush 
and a spoon to break up the lumps. The 
material retained on each sieve was 
thoroughly cleaned on the sieve by use 


of a wire e brush. The moist soil 
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the No. 4 sieve was weighed and a 
representative moisture determination 
was made on the thoroughly mixed 
material. The oven-dried fractions re- 
tained on the ?-in., 3-in., and No. 4 
sieves were weighed. About 200 g of 
moist soil passing the No. 4 sieve was 
brought to a rather thin slurry condition 
in an evaporating dish by thoroughly 
mixing in water a little at a time thick 
enough to prevent the sand sizes from 
settling out. This procedure retained 
the natural state of hydration of the 
soil, as the representative condition. 
One-half of the slurry by weighing was 
transferred to the dispersion cup and 
the remainder was oven dried in order 
to determine the dry weight of the hy- 
drometer specimen. The stirring rod 
method of dispersion was used for the 
final dispersion in the hydrometer jar, 
allowing the sand in the last 20 sec to 
settle out of suspension before the start 
of the hydrometer test. After completion 
of the hydrometer test, a sieve analysis 
was made on the sand fraction. Liquid 
and plastic limits were made on the 
moist soil passing the No. 8 sieve with 
its entire sand content, as being more 
representative of the natural plasticity 
characteristics and performances under 
field compaction conditions, particularly 
for determining whether the limitation 
of 25 per cent passing the No. 200 sieve 
was justifiable. 

The grain size curves for depths of 
13 to 4 ft and 5 to 7 ft are given in Fig. 2, 
together with the identifications of these 
soils, liquid and plastic limits, and 
plasticity indices, and other pertinent 
data. The grain size curves are essentially 
similar, but it is evident that at the 
greater depth of 5 to 7 ft there is a greater 
percent>ge of gravel sizes and of over- 
size mat -rial, indicating some decrease 
in weathering influences with depth. 
With the exception that the percentage 
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of material passing the No. 200 sieve 
exceeded the 25 per cent limitation, 
these soils possess an almost ideal well- 
graded character for compactibility to 
high densities. 

But actually these soils possess a very 
unusual character, which should have 
been fully evident in the handling and 
weighing of the sieve fractions, as 
essential information. The material 
passing the 1}-in. sieve and retained on 


BURMISTER ON ENVIRONMENT TESTING OF SOILS 


from a weight basis to a volume basis are 
indicated for the ?-in., No. 8, and No. 
200 sieve sizes. It is evident that the 
gravel content on a volume basis is very 
considerably larger than on the unrepre- 
sentative weight basis. Now the per- 
centages passing the No. 200 sieve are 
less than the 25 per cent limitation. On 
this basis, at least, these materials would 
be acceptable as borrow. 

The low values of the liquid and 
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Fic. 2.—Grain Size Curves and Physical Characteristics of Borrow Materials. 
= 2.—Railroad Grade Crossing Elimination Embankments. 


Identification (114-2 ft) Orange-red coarse to fine SAND, some Silty Clay, and coarse to fine 


Gravel, trace cobbles. High PI. 


(5~7 ft) Orange-red coarse to fine GRAVEL, and coarse to fine Sand, some Silty 


Clay, little cobbles. High PI. 


Consistency limits of material passing No. 8 sieve 


PL. 36.1 
PL. 38.1 


(114-2 ft) LL. 66.1 
(5-7 ft) LL. 72.5 
Original LL. 44.9 


PI. 30.0. High plasticity. 
PI. 34.4. High plasticity. 
PL. 31.8 PI. 13.1. Medium plasticity. 
Specific gravity of material passing No. 8 sieve 


2.80 


Unit dry weight of material between 1!4-in. and No. 8 sieves 1.20 g per cu em 


the No. 8 sieve was composed almost 
entirely of very light weight highly 
weathered but tough rock fragments, 
weighing only 1.2 g per cu cm (voids and 
solids) instead of about 2.8 g per cu cm 
of the solid rock (specific gravity). In 
order to understand the significance of 
this fact, the grain size curves of the 
13 to 4 ft and 5 to 7 ft depths are re- 
computed on a volume basis using 1.2 g 
per cu cm for the material between the 
14-in. and the No. 8 sieves, and value of 
2.8 (specific gravity test) for all other 
materials. The changes in the percentage 


plastic limits and_ plasticity index 
obtained from air-dried soil passing the 
No. 40 sieve in accordance with usual 
practices are compared with the con- 
siderably higher values obtained on the 
moist fully hydrated soil but containing 
all the sand to the No. 8 sieve, as 
representative of the natural condition. 
This indicates the marked effect of air 
drying on the state of hydration and 
probably also on the state of oxidation 
of the iron content of these soils. The 
moist soils appear to have more objec- 
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\ionable characteristics. However in the 
natural undisturbed state in the field 
in the zone of weathering influences, 
these soils possess an important natural 
high state of aggregation and structure, 
which requires considerable working 
and remolding to break down completely. 
As a consequence, together with the 
natural sand content, they exhibit 
natural plasticities in the relatively 
undisturbed state, as evidenced by their 
thread rolling capacity at the proper 
moisture content for this field test (3, 
pp. 432-433), of only low plasticity 
(P.I. 5 to 10). This in reality is a very 
favorable condition from the standpoint 
of construction operations of spreading 
the material in thin layers, and of com- 
pacting it to specified densities in the 
embankment, and of permanence of 
strength characteristics. If these ma- 
terials are not overworked when too 
wet, their favorable characteristics would 
be retained during field compaction. 

All this information was considered to 
be essential for interpreting properly 
compaction data for final acceptance or 
rejection of these soils on a rational and 
justifiable basis as suitable borrow 
materials and for purposes of formulating 
field criteria for control of compaction 
and for specification for construction of 
embankments. 

Again it should be clear that no soil 
testing should be undertaken without 
adequate information and knowledge 
being supplied or obtained on the nature 
of the problems involved and on the 
conditions that control. 


Case 3: 


This case concerns the evaluation of 
the character of clay soils in a wide 
submerged bar across the mouth of a 
river, where consideration was being 
given to dredging a channel through the 
bar for shipping. Preliminary information 
was required from bottle sample of bar 
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material obtained at two different depths 
along the line of the proposed dredged 
channel. The problem was to establish 
the character of these soils, (1) as in- 
fluencing the dredging operations, where 
the dredged material by agitation 
dredging methods was to be discharged 
back into the water behind the dredge 
with the expectancy that currents would 
be strong enough to carry away the 
material before settling out; and (2) as 
influencing stable side slopes of the 
dredged channel, which would materially 
affect total quantities of dredging. These 
problems were fully discussed in confer- 
ence. Eight samples from some 100 or 
more samples were selected at four 
typical locations across the bar at two 
depths each. These samples had been 
in the clients’ office for some time and 
had been opened and handled, before 
the author was consulted. 

The exposed surfaces of these samples 
were a brown color. By usual practices, 
specimens for hydrometer and consist- — 
ency limit tests would have been taken 
from each one, thoroughly mixed, 
probably air dried, and used without 
much inspection or questioning. But 
the author’s experiences with many 
different types of soils led him to question 
any brown color and to treat each new 
soil type, as a work of discovery, to 
learn its real character. Therefore 
wherever a core was available in a bottle, 
a portion was cut lengthwise with a fine | 
wire saw and was examined. It was at 
once evident that the brown color was 
only skin deep (about } in.) all over the 
samples, due to oxidation of ferrous 
iron typical of a marine environment — 
toward the ferric state. The core of every 
sample was a striking light blue-gray 
color. The first step in the preparation 
of representative specimens was there- 
fore to trim off with a fine wire saw all 
brown discolored material, and to use © 
the moist material in order to make the | 
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testing fully representative of the natural 
marine environment. The grain size 
curves of two typical specimens are 
given in Fig. 3 by the (a) curves, which 
cover the approximate extreme spread 
of these soils. 

The trimmed off portions of the sam- 
ples were replaced in the jars and sealed. 
Sometime later as a matter of interest 
to determine the influences of oxidation, 
these samples were re-tested. The results 


3 4 8 


16 30 50 100 200 SIEVES 


¥ 


a core lengthwise to reveal the portion 
of the specimen, which may or should 
be considered to be fully representative 
for testing. The unrepresentative portion 
should then be trimmed off. Otherwise 
the testing is certain to be unrepresenta- 
ative and deficient in important respects. 
By following these representative pro- 
cedures, as was done in six important 
projects and investigations, remarkable 
agreement was shown between predic- 
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Descriptive Terms 


— Trace 


Little 


Sample 
22-2 | 


Some 


Percentages Finer by Weight 
05888883888 


200 60 20 2 06 


02 006 002 0006 002 


Grain Size, mm 


IBOULDERS 
{COBBLES | C 


GRAVEL 


q 


"SILT Non-Plastic. Cohesionless 
F CLAY- SOIL Plasticity and Clay-Quolities 


228 76.2 
9in 3in 


254 952 20 
tin 3/8in Nos. 


3 


Clay-Soil. 


0.59 025 
30 «60 


.—Comparison of Grain Size Curves and Consistency Limits of Representative and / 


0.074 MM 
200 SIEVES 


Altered 


Case 3.—Submerged Bar Across Mouth of River. 


Identification § 


Sample 19-2 Light blue-gray Silty CLAY, 


trace fine Sand. High PI. 


Sample 22-2 Light blue-gray CLAY, trace fine Sand. Very high PI. 
“y limits and natural moisture content, as received 


Consistency 
Sample 19-2 (a) Original weight per cent 42.7 
(b) Altered 


‘Sample 22-2 (a) Original weight per cent 66.4 LL. 84.4 


(b) Altered 


of these tests are given in Fig. 3 by the 
(b) grain size curves. It is evident that 
oxidation without actual drying out of 
specimens very materially affects and 
reduces the hydration characteristics of 
the soils, causing the material to appear 
to be more silty. This apparent difference 
in sedimentation characteristics would 
have been of importance and conse- 
quence with regard to agitation dredging 
methods. The material also appeared to 
be less plastic in the oxidized state. 
Representative soil testing should 
require, as standard practice, the in- 
spection of every sample after cutting 


LL. 48.5 
42.6 


PL. 23.8 
20.9 
PL. 32.2 
31.1 


PI 24.7 
21.7 

PI 52.2 — 

81.1 


ted and observed performances of the 
soils. 


Case 4: 


This case concerns the testing and 
evaluation of the character and responses 
of varved silt and clay composed of 
alternating thin layers of variable thick- 
nesses. Important problems were in- 
volved of settlement of five bridge 
structures and adjacent approach em- 
bankments due to consolidation, and of 
their stability conditions during and 
subsequent to construction. These prob- 
lems (5, pp. 251-253) were fully discussed 
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with the engineering consultants for 


planning subsurface explorations and for 
preparing adequate specifications for 
this exploration work. 

Thirty-seven borings were made using 
a 23-in. casing, two at each abutment 
and pier, from which bottle samples were 


oa 2 3 4 
545° 2 =x 17.2 228 
NSS xs 
W% 37.5 
WS 
-2" 
N 
- SSS SN a 
% g-b 
lo WS WS 
Say NE ays 
N ¢-. %o 37. 
© 
WO 
-5" 2% 
1.3 
Per cent of Thin Layer Types. 
SyC 44.2 385 
Cy$ 55.8 47.5 61.5 
Average Moisture Content, Test Value at fill 
48.0 49.6 45.2 45.8 
Computed Moisture Content 
51.0 50.4 42.8 


Fic. 4.—Soil Identifications and Profile of Thin Layering in Detail Boring 45, Sample 7, 2-in. } 


Shelby Tube, Depth 23 to 25 ft. 


taken at 5-ft interval of depth by a 2 
by 13-in. split barrel sampler. These 
borings were made under careful field 
supervision to insure high quality of the 
samples and information obtained. They 
served as exploratory borings to disclose 
the nature of subsurface soil conditions. 
On the basis of information obtained 
from at least two such borings at each 
bridge site, the location of the undis- 
turbed sample borings was decided 
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upon, where conditions appeared to be 
more critical. Six undisturbed sample 
borings were made, two at the main 
bridge site and one each at the other 
four sites. In the undisturbed sample 
borings 2-in. and 3-in. Shelby tube 
samples were taken alternately at 


5-ft intervals of depth. All bottle samples 
were carefully identified (3, pp. 432-433) 
in the field by trained personnel of the _ 
engineering consultant. Soil profiles for 
each boring and bridge site were prepared — 
and supplied for this investigation. 

All 2-in. Shelby tube samples from 
the undisturbed sample borings a 
identified accurately and in detail, in 
order to develop a representative, com-_ 
prehensive and clear picture of subsur- _ 
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face soil conditions in the varved silt 
and clay stratum 2. Specimens about 6 
in. in length were pushed out succes- 
sively for the full length of the 2-in. tube 
samples. A slice was cut lengthwise from 
the side of each 6-in. specimen about 


} in. thick. In first appearance the 
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prevent moisture loss. The slice was 
dried (about 15 to 20 min) until the 
varves became clearly visible. The 
varves in this case were of two distinct 
layer types. The Clayey SILT varves 
dried out to a light color, while the 
Silty CLAY varves remained a dark 


Somple 6U(3") 7 (2") 9u (3") 10 (2") 13 (2") 
Depth 21.5-23.0 23.0'-25.0 26.5 26.5'-305 5.6" 36.0'-36.0 
N 
ASS 
WE SS 
8 
W% 44011 N 
N 
W% 42.1 
ANNAN 
- Ma g-b 
SK fa) 
3 W% 39.9) Cys 
t--fS 
BAT ISS 
WY fe) 
Per cent of Thin Layer Types 
$yC 53.2 44.2 39.0 445, 33 
Cy$ 46.8 55.8 61.0 565 66.7 
Average Moisture Content, Test Values 
54.0 48.0 45.6 45.2 
Computed Moisture Content 
56.4 5 49.5 46.6 


Fic. 5.—Soil Identifications and Profile of Varved Deposit With Thin Layering in Detail for 


Bottom Specimens of Samples of Boring 45. 


varves were practically indistinguishable, 
because the specimens exhibited a uni- 
form brown color. After scribing inch 
marks along the length of the slice to 
allow for shrinkage adjustments and 
marking top and bottom positions, the 
slice was placed under a strong light 
with a reflector, which was positioned 
about 2 in. above the specimen. The 
remaining portion of the 6-in. specimen 
was placed in a bottle and covered to 


moist color and stood out in bold relief 
with sharply defined interfaces. The 
profile of each 6-in. specimen was 
accurately recorded in sequence in 
proper top and bottom position, showing 
in detail the varve character, thicknesses, 
and spacings by placing the record sheet 
alongside of the partially dried slice, 
and by drawing the varve interfaces. 
Compensation was made for shrinkage 
through the 1-in. marks, the major part 
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of the shrinkage occurring in the Silty 
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A typical soil profile from four 6-in. 


€ (LAY varves. specimens from a single Shelby tube 
e The remaining undried portion of sample is given in Fig. 4. It shows in 
t each 6-in. specimen was then placed detail the varved character and identifi- 
S alongside of the partially-dried slice in cations of layer types, layer thicknesses 
e proper top and bottom position and was and spacings, moisture contents, and 
% accurately scribed at each varve inter-  iiquid and plastic limits of representative 
face. The varve segments were then cut layer types. At the bottom of the figure 
by means of a fine wire saw. The varves_ are given the proportions of each layer 
were separated into the two layer types, type. It is evident that while there are 
3 172374 VB 4 8 6 30 SO 100 200 SIEVES Descriptive Terms 
a AND 
50 Sample Nw + 50 
AND | 
30 Some [SyC 
20 cys 20 ttle 
10 10 5, 
a re) | roce 
200 60 2 6 2 O06 O2 006 002 0006 0002 
Grain Size, mm > 
TBOULDE Gravel ‘SAND C__ SILT Non-Plastic. Cohesionless 
|COBBLES| C My F C My F__[CLAY-SOIL Plasticity and Clay-Quolities 
228 762 254 952 2.0 0.59 025 0.074 MM 
9 in 3 in lin. 3/8in Nos.!0 30 «660 200 SIEVES 
Fic. 6.—Representative Testing for Grain Size Curves and Consistency Limits. 
Case 4.—Detailed Investigation of Character of Varved Silt and Clay. 
Identification Varved Brown Silty CLAY, trace fine Sand. High PI. 30.5 per cent | : 
and Brown Clayey SILT, trace fine Sand. Low PI. 69.5 per cent ‘ 
Consistency limits 
SyC Varve LL. 63.8 PL. 33.0 PI. 30.7 Percentage of layer type 30.5 per cent 4 
CyS Varve LL. 35.3. PL. 30.0 PI. 5.3. Percentage of layer type 69.5 per cent 
Mixture M computed LL. 44.0 PL. 31.0 PI. 13.0 
Computed grain size data for mixture at 0.006 mm 0.004 mm 0.002 mm 
¥yC Varve 30.5 per cent 93 per cent 28.4 84 percent 25.672 percent 22.0 4 
Cy Varve 69.5 per cent 70 per cent 48.7 45 percent 31.2 21 percent 14.6 
Mixture M percentages 77.1 per cent- 56.8 per cent 36.6 per cent 
; and each varve was scraped clean by a_ variations in detail in layer thicknesses 
spatula of the adjacent dissimilar layer and spacings, the proportions of each 
type, which was readily distinguishable layer type in each specimen are com- 
‘ef in the scraping process. The two layer parable. A typical soil profile for the. 
he types were placed in separate widemouth _ entire thickness of the varved stratum 2° 
- half-quart jars in proper sequence for for this same boring is given in Fig. 5, 
in careful identification of each layer type using the bottom specimen only for 
ng by visual and manual methods, and each sample. There is now evident a 
es, moisture contents for each 6 in. speci- significant variation in layer type, and > 
set men. A few hydrometer tests, and liquid in proportions with depth in stratum 2. 
ce, and plastic limit tests were made on Such information is essential in disclos-_ 
o moist soil without air-drying for accurate ing adequately the representative charac- 
ge verification of character and identifica- ter of varved or thin-layered soils for 
art tion of layer type. investigations of this character. 
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By ordinary common practices, the 
varved character might have passed 
unnoticed, being almost indistinguishable 
in the undisturbed moist specimens, or 
if it had been recognized, average 
specimens would have been considered 
sufficiently useful in accordance with 
common conceptions and practices for 
all practical purposes for moisture con- 
tents, hydrometer tests, and liquid and 
plastic limit tests. For comparative 
purposes to bring out clearly in perspec- 
tive the marked differences in significance 
and adequacy of these two approaches, 
average moisture contents were obtained 
from a number of specimens by cutting 
a portion lengthwise from a 6-in. speci- 
men. Typical values are given at the 
bottom of Fig. 4. Computed average 
moisture contents by direct proportion 
methods are also given, as noted, which 
were based on the moisture contents and 
proportions of the two layer types. It is 
evident that the computed values check 
sufficiently closely the test values for 
practical purposes. This means that a 
reasonable estimate can always be made 
of the average moisture content, if 
required for some purpose. But, because 
of the characteristic and marked differ- 
ences in the moisture contents of the 
two layer types, it should be clearly 
evident that it would be impossible to 
deduce these moisture contents from 
the average moisture content alone. 

In Fig. 6 are given for comparative 
purposes the grain size curves obtained 
from hydrometer tests of the two 
separated layer types- Clayey SILT and 
Silty CLAY, and of a composite average 
specimen indicated in the figure. The 
composite curve can be estimated almost 
exactly by taking proportions of the 
curves of the two layer types at a number 
of particle sizes to define the grain size 
curve for the composite material. Again, 
it would be impossible to deduce the 
grain size curves of the individual layer 
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types from the curve of an average 
specimen of indeterminate unknown 
proportions. Similarly, liquid and plastic 
limits, and plasticity indices, obtained 
from each layer type, are given in Fig. 6. 
All this representative information is 
essential for clearly visualizing and 
evaluating the conditions that control 
and for appraising significantly their 
influences on the over-all responses and 
performances of these soils in the deposit 
in this investigation. By proper pro- 
gramming and scheduling of the testing 
in sequence, there need not be any delay 
or time loss in carrying out the program. 
It should become standard practice 
in testing of varved and thin-layered 
soils to follow such procedures and to 
provide complete and fully adequate 
and representative test data and informa- 
tion, such as shown in Figs. 4, 5, and 6. 
The use of averages in such investigations 
always penalize the favorable aspects 
inherent in a situation and obscure the 
unfavorable and adverse aspects, so 
that they cannot be properly recognized 
and adequately taken into account in 
investigations for engineering works. 
The major emphasis in conceptions and 
practices should be placed on_ being 
representative and adequate. 


PROPERTY AND STRENGTH TESTS 


An appraisal and evaluation of the 
environmental and imposed conditions 
was made with regard to their nature 
and their influences on soil responses in 
compaction and_ consolidation tests. 
These were translated into significant 
test conditions, which would reproduce 
representatively -their controlling 


fluences. 
A 


The preliminary investigations for 
this case were considered earlier. Com- 
paction tests were made in order to 


Case 2: 
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serve as a reliable and adequate basis 
for final acceptance or rejection of this 
borrow material, and, if acceptable, for 
establishing criteria for compaction 
control in the field and for preparing 
specifications for construction. 

Because of the high degree of com- 
paction needed for a stable fill for a 
railroad with a minimum of settlements 
subsequent to construction, the modified 
A.A.S.H.O. compactive effort was used 
as being representative of the required 
field compaction. Compaction tests were 
performed on two large composite 
samples of about 75 lb each of material 
passing the 1-in. sieve, which were taken 
from the more centrally located bulldozer 
cut at depths of 13 to 4 ft and 5 to 7 ft. 
Due to the large gravel size content, 
especially by volume percentages, the 
use of a 6-in. mold was considered essen- 
tial and more representative. This soil 
had not been permitted to dry out as a 
basic condition. The common practice 
of substituting an equal percentage of 
material passing the 1-in. sieve and 
retained on the No. 4 sieve for the 
coarser sized material retained on the 
l-in. sieve to 4-in. maximum size, as a 
very rough approximation of the whole 
soil, was considered to be entirely 
unrepresentative and unpermissible: (1) 
it would markedly change the gradation 
characteristics of the soil and hence the 
compaction characteristics and maxi- 
mum densities in an unknown and un- 
interpretable way, and (2) it therefore 
would also change the wetting character- 
istics of the material retained on the 
No. 4 sieve and hence moisture require- 
ments and optimum moisture for maxi- 
mum density, which would bear little 
relation to the permissible range of 
moisture of the real soils. 

In order to preserve the proper 
moisture condition of the porous light 
weight material between the 1-in. and 
No. 8 sieve, as representative of the 
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advance in the season from spring to 
summer conditions and of normal 
moisture losses by evaporation during — 
handling and processing the soil while — 
compacting it in the embankment, the | 
compaction test was started at approxi- 
mately the field moisture content then 
prevailing, yielding the first moisture- 
density point on the curve. The entire 
batch of soil in each sample was then 
partially dried for each successive test 
point, by frequent mixing and over- 
turning of the sample with a trowel, each 
test defining a point on the moisture- 
density curve. The moisture loss was 
checked at intervals by weighings on a — 
small pan of soil buried to a depth level 
with the surface of the sample in the — 
large pan. The slowness of the drying, 
especially in the first stages, was indica- 
tive of conditions, which might be 
expected in the field, where over-wet — 
material had been brought on to the— 
embankment and had to be processed — 


to bring the moisture content within | 


permissible limits. This is considered — 
essential information for field control. 

The re-use of compacted material was | 
considered unrepresentative. Therefore 
the oven-dried specimens for moisture 
content determinations were discarded. 
In order to obtain representative mois- 
ture determinations, especially in this 
case with the large percentage of material _ 
retained on the No. 8 sieve of a light-— 
weight and porous character, the entire 
6-in. mold sample was used after per- 
forming a California Bearing Ratio 
(CBR) test. At night the pans were_ 
covered to prevent additional moisture | 
losses and to permit attaining a uniform — 
distribution of moisture throughout the — 
sample at this stage of the testing. This 
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sufficiently, so that while waiting for 
the batches to dry progressively between 
compaction tests to the desired moisture 
point, other tests were being performed. 
CBR tests were performed on both top 
and bottom faces of each specimen to 


BURMISTER ON ENVIRONMENT 


TESTING OF SOILS 


given in Fig. 7 for these two specimens. 
In order to properly take into accoun: 
and to provide representative and reli- 
able criteria for field control of compac- 
tion for the early spring work, when 
freezing temperatures ceased, a few 
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_ Fic. 7.—Moisture-Density-Strength Relations for Soils of the Century Borrow Pit Area. Upper 


Area, Center Bulldozer Cut. 


determine the upper limit of moisture 
content permissible for compaction in 
the embankment, which would permit 
attaining the specified compaction, the 
movement of hauling and spreading 
equipment, and the conditioning of the 
soil to proper moisture content, if wetter 
than specified. 

The moisture-density curves for room- 
temperature conditions, about 65 F, are 


duplicate compaction tests were made 
at representative temperatures of 35 to 
40 F. This was accomplished by placing 
the covered pans of soil out-of-doors at 
night. The resulting compaction curves 
are shown by dotted lines with about 
5 lb per cu ft decrease in maximum 
density for the sample at depihs of 13 
to 4 ft with less gravel, and about 3 lb 
decrease for the sample at depths of 5 
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ov ab 
io 7 ft with the greater gravel content. 
The peak density in both cases was at a 
higher moisture content. Where soils are 
to be compacted in the early spring or 
late fall, such additional representative 
data is essential for establishing reliable 
and adequate criteria for field control 
and should be required as standard 
practice. 

The compaction properties of these 
two soils, due to their unusual character- 
istics, required careful interpretations as 
a basis for properly judging their 
suitability as embankment materials. 

1. Due to the light weight of the 
weathered rock, the sample from the 5 
to 7 ft depth containing the higher 
percentage of material retained between 
the 2 in. and No. 4 sieves (42 per cent 
by weight and 54 per cent by volume 
in Fig. 2) yielded a lower maximum 
density of 87 lb per cu ft, whereas the 
sample from the 13 to 4 ft depth con- 
taining the lower percentage (20 per 
cent by weight and 37 per cent by 
volume) yielded a higher maximum 
density of 95 lb per cu ft. In order to 
compare these maximum densities with 
those of normal materials, the maxi- 
mum densities were adjusted for a 
specific gravity of the material between 
the ?-in. and No. 8 sieves equal to that 
of the remainder of the soil (1.2 g per 
cu cm to 2.7 g per cu cm). For the 13 to 
4-ft depth sample the 95 lb per cu ft 
became 133, and for the 5 to 7 ft depth 
sample the 87 lb per cu ft became 144, 
which would be considered to be very 
good to excellent densities. 

2. The amount of air-voids percent- 
ages in the soils is large but is really the 
sum of the normal air voids trapped in 
a compacted clay soil plus air voids 
contained in the porous lightweight 
rock material, as it partially dried out 
in reaching the maximum density condi- 
tion. 

3. The stability conditions of the 
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compacted soils on the wet side of the 
peak or maximum density, as indicated 
by the CBR values for the as-compacted 
condition, do not drop adversely, due 
to their favorable natural state of 
aggregation and structure, until the 
moisture content exceeds the optimum 
moisture content at maximum density 
by more than 7 per cent. Part of the 
moisture retained in the porous rock 
material is evidently not available in 
decreasing adversely the consistency 
and strength of the compacted soil for 


operations of processing and compacting 


the material in the embankment. For 
these purposes it was considered on the 
basis of rather common experiences 
that the CBR value should not drop 
below a value of 10 when compacting on 
the wet side of the peak of density. 
Therefore the 7 per cent moisture limit 
in excess of the optimum moisture was 
set as the maximum for material being 
brought onto the embankment. The 
relatively high values of CBR for mois- 
ture contents smaller than this limit are 
indicative of the relatively stable charac- 
teristics of these compacted soils. 

4. Although the rock material between 
the 1-in. and the No. 8 sieves is a light- 
weight porous material, it did not ap- 
pear to be broken up and unduly > 
crushed by the heavy compactive effort 
of the modified A.A.S.H.O. compaction 
in the test, and therefore it may be | 
expected to perform similarly in the 
field compaction. 

5. In the new environment imposed _ 
in the compacted embankment with 


normal ground water below the surface | 


of the original ground on which the 
embankment is to be constructed, and © 
with normal seasonal saturation by 
precipitation considerably reduced, 
pecially with the contemplated effective 
drainage of the ballast fill under the 
railroad tracks, the normal weathering 
processes would be almost eliminated or 


| 
_| 
le 
ig 
it 
bs 
t 
m 
2 
lb 
7 
5 


- 


1366 BURMISTER ON Envmonment Tesrinc oF SOILS. 


be greatly reduced. These weathered 
rock fragments composing the large 
part of the material should therefore be 
permanently stable under this new 
environment. 

It is evident that these relatively 
favorable aspects discovered in the test 
and made interpretable by representative 
testing could be properly weighed and 
evaluated as essential information in 
comparison with the apparently more 
obvious rather unfavorable aspects in 
finally judging the suitability and 
acceptability of these soils for the 
embankment construction. The spring 
of the year was obviously the more 
critical condition with regard to the 
relatively high moisture content of the 
material. Conditions could be materially 
improved by running deep furrows by 
means of a rooter plow up and down 
the hillside slope at regular intervals 
across the slope in order to permit the 
excess free water in the soil to drain out 
through its favorable natural state of 
aggregation and fissured structure. These 
principles of representative testing of 
soils have been applied in the soil 
investigations and in the recommenda- 
tions for field control of compaction and 
construction and for design of three 
flood control earth dams and of three 
water supply earth dams. 


Case 4: 


The preliminary investigations for 
this case were considered earlier, and 
the results were illustrated in Figs. 4, 5, 
and 6, which have disclosed representa- 
tively the character of the varved de- 
posit. The principal objectives of this 
investigation were to determine adequate 
and representative information on con- 
solidation and shearing strength proper- 
ties of these varved soils for the purpose 
of evaluating conditions that control, 
and for making settlement and stability 
analyses. 


This required that representative 
consolidation stress-strain properties anc 
time-consolidation properties be deter- 
mined by a consolidation test on each 
layer type, that is, two tests for each 
3-in. Shelby tube sample tested. This 
was accomplished by using the proce- 
dures followed in identifying the varve 
types. When the varves became dis- 
tinctly visible, specimens of individual 
layer types were marked out on the 
undisturbed portion of the 6-in. speci- 
men by matching against the now visible 
varves in the dried slice. If specimens of 
each layer could be found thick enough 
for a consolidation specimen, that is, 
about 0.6 to 1.0 in. thick, they were cut 
out by a wire saw and were carefully 
trimmed and fitted into a 2.5-in. con- 
solidation ring of the floating ring type. 
At first, if all layers were too thin, a 
combination of two layer types was 
chosen to bracket conditions—(a) a 
combination with a Clayey SILT varve 
on each outside and with a thin Silty 
CLAY varve in the middle, and (0) a 
combination with a Silty CLAY varve 
on each outside and with a thin Clayey 
SILT varve in the middle. It was found 
by analyses of two sets of data obtained 
from such composite specimens that 
this procedure was not sufficiently 
representative of the stress-strain and 
time-consolidation properties of the 
layer types. It was therefore abandoned 
as unsatisfactory after two sets of such 
tests. In most cases by pushing out a 
second 6-in. specimen, a thick enough 
layer could be found of each layer type. 
If one of the 6-in. specimens was not used 
for a layer type for consolidation tests, 
the specimen was tested in triaxial 
compression to determine the shearing 
strength properties of the varved soil. 
The triaxial test on a representative 
composite specimen of varves would be 
representative of shearing conditions, 
where the slip plane actually crossed 
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the varves at an angle (5, 8). In a few 


cases where no layer could be found 
thick enough for a consolidation speci- 
men, a specimen was obtained by planing 
off one face each of two varves of the 
same type carefully in a consolidation 
ring with a metal screed and joining these 
two faces to form a sufficiently thick 


Profile of Thin 
Layering Boring-45 
Sample-6 
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specimens noted. Pertinent data ob- 


IDENTIFICATION-VARVED RED-BROWN SILTY CLAY, TRACE-FINE SAND 53.2 PER CENT 


Consolidation Stress, tons per sq ft (tsf) 
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tained from the consolidation test are 
also given in the figure, so that complete | 
information is available for purposes of 
interpretation and use. Typical con- 
solidation stress-strain curves are given 
in Fig. 9 for composite specimens, as 
discussed above, with the specimens 


AND CLAYEY SILT, TRACE-FINE SAND 46.8 PER Cant 
THIN LAYERS 0.2 TO 1.2 IN. THICK 
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Ol 02 030405 O7 10 2 
6-158 Overburden Stress 


|Wotural Pre-Stress 


Specimen C-! 

Unloading Reloading Triongle 
Specimen C-2 Sires Cycle 
E = 0.05 0.10 }——— Cloyey SILT + 
8 010 015 
3 
0.15 020 
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Consolidation Data 


Moisture | Unit Weights pcf. | Initial Voids | Thickness] Sp. Gr 


Coefficients of-at 4.0 tsf. 


W% |Dry-W.|Subm. Ratio-e; h; in G, | Consolidation] Compressibility| Permeability 
Comp | Test 
552 | 690] 447 158 0.795 | 2.84 0.089 0.0182 1.63 | 2.0 
Cy$ |C-2} 44.0 | 788 51.0 1.26 0788 |285 0.389 0.0142 5.5 |6.0 
Cy oy’ K 
hh 
cm2/min 2 cm/min 


Fic. 8.—Consolidation Stress-Strain Curve. Boring 45, Sample 6U, Depth 23.0 ft. 


specimen. Comparative tests showed 
that when the planing and joining was 
carefully done, representative and com- 
parable results could be obtained. 
Typical consolidation — stress-strain 
curves are given in Fig. 8 for specimens 
of layer types obtained from the same 
boring as that tested in Figs. 4, 5, and 6. 
The soil profile of the 6-in. specimen 
used for the consolidation specimens is 
given in Fig. 8 with the locations of the 


shown on the soil profile bracketing © 
varve conditions. However, it is evident 
by comparison with Fig. 8 that these 
curves are unrepresentative and uninter- | 
pretable. 

In the consolidation testing, pro- 
cedures were selected with certain mod-— 
ifications (6, pp. 212-220) (7, pp. 83 — 
-89), which were considered to be ne 
essential and representative of the 
conditions disclosed by this investiga- 
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tion. The first consolidation test had 
shown that the varved soil had been 
over-consolidated to a maximum pre- 
stress of 3.5 to 4.5 tons per sq ft at some 
time in its geological and stress history. 
To eliminate the possibilities of any 
disturbance effects to the soil structure 
due to swelling of the Silty CLAY 
varves in contact with water, the sub- 


Profile of Thin 
Layering Boring -27 
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Consolidation Stress, tons per sq ft (tsf) 


ent ground elevations. To take into 
account properly these different loading 
conditions and sequences and thus to 
obtain consolidation data having direct 
and representative applications to these 
specific cases, the specimens were first 
of all loaded in increments of stress to 
just beyond the natural pre-stress, py , 
and then were unloaded in stress incre- 


Sample -!7 Ol 03 0405 O07 10 2 €.% 7 10 
Pol75 
oO 
qa 
v 
— 
2 a Specimen C-2 
§2 2 005 015 
$s Py ~3.75 
5 
010 0.20 
\ 
Cy$ 63per cent 
ce) SyC 37 percent 
Bottom = Consolidation Dato 
Specimen} Moisture | Unit Weights pcf_| Initial Voids | Thickness|Sp Gr Coefficients of- at 4.0 tsf 
No W% |Dry W.|Subm-We| Ratio-e; hy in Gs __| Consolidation|Compressibility|Permeability 
Comp.| Test 
428 | 790 Sit 425 0.796 | 2.84 0.67 0.0104 67 |69 
c-2 493 | 740 480 1.40 0.547 | 2.84 0.23 0.156 36 147 
Cy em? /min ay’ K-CM/min 


Fic. 9. 


Consolidation Stress-Strain Curves. Boring 27, Sample 17U, Depth 47.5 ft. 


IDENTIFICATION-VARVED GRAY-BROWN CLAYEY SILT, TRACE-FINE SAND 63 PER CENT AND SILTY CLAY, TRACE-FINE SAND 37 PER CENT 


mergence of these specimens was de- 
ferred until the overburden stress was 
restored on the specimen in steps, but 
with the specimen protected against 
moisture losses by evaporation. Each 
stress increment was allowed to remain 
in place for at least 24 hr. 

The loading conditions and sequences 
varied over the project, certain bridges 
requiring additional approach fill adja- 
cent to the abutments, other requiring 
excavation to grade elevations, and 
others requiring little change from pres- 


ments to the present overburden stress 
p. at the sample elevation. The stress 
sequence thereafter was made to follow 
representatively the probable loading 
conditions. Where additional approach 
fill was to be placed or where little 
change in conditions was contemplated, 
the specimens were reloaded in incre- 
ments to 10 tons per sq ft. Where 
additional excavation was required to 
grade elevations, the specimen was 
unloaded further to a stress representa- 
tive of conditions in the deposit at the 
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elevation of the particular sample result- 
ing from the unloading of the deposit 
by excavation at the bridge site. 

The stress increments beyond a stress 
of one ton per sq ft were made smaller, 
as noted in Fig. 8, than the general 
practice of doubling the stress. The 
double stress increments are considered 
to be unrepresentative of the probable 
actual loading conditions because of 
disturbance effects to the soil structure 
under the larger load increments. The 
unloading-reloading stress cycle is con- 
sidered to be essential: (1) for definitely, 
representatively, and adequately estab- 
lishing these stress-strain relations for 
direct use in settlement analyses, where 
the soils are over-consolidated or where 
excavations are to be made, which 
produce or increase a state of over- 
consolidation, and (2) to’ establish 
representatively and reliably the time- 
consolidation relations for direct use in 
estimating the time-delay of consolida- 
tion to be expected. Furthermore the 
unloading-reloading stress cycle defines 
a characteristic triangle at its incidence 
to the linear primary consolidation 
curve, which permits establishing the 
natural pre-stress, py reliably. 

An analysis of the time-consolidation 
relations for the Clayey SILT layer type 
showed that neither the Taylor method 
of square root plotting of the time data, 
nor the semi-log plotting yielded per- 
meability data, which was representa- 
tive; therefore direct permeability tests 
were made on all consolidation speci- 
mens at each load increment on the 
reloading stress cycle and thereafter to 
establish conditions properly. These 
permeability tests showed that the 
permeabilities of the Clayey SILT layer 
type were considerably greater than 
estimated from the coefficient of consoli- 
dation, 

The undisturbed character of these 
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varved soils is indicated in Figs. 8 and 9 
by the small strain at § ton per sq ft 
and by the relatively flat laboratory 
reloading curve to the natural pre-stress. 
The high value of the pre-stress of 3.5 
to 4.5 tons per sq ft is a very favorable — 
aspect in this situation, materially 
reducing consolidation settlements and | 
increasing stability conditions. The 
amount of unloading of the deposit to 

the present overburden stress, as indi- 


flat reloading stress cycle from the pres- — 
ent overburden stress up to about the— 
point where it crosses the. unloading 
stress cycle controls the settlements 


The real nature of the compressibility 
of the Silty CLAY and Clayey SILT 
varves is revealed by the respective 
consolidation stress-strain curves, 
Clayey SILT layer type being about | 
one-half as compressible, especially on 
the reloading stress cycle. The settle- 
ments contributed by the varved portion 

of the deposit can be estimated with 
considerable real accuracy and reliability 
on the basis of such typical consolidation = 
curves and on the basis of complete | 
determinations of the percentages of | 


as shown in Figs. 4 and 5. In addition, 
due to the influences of the stressing on os. 
the reloading stress cycle, as representa- 
tive of actual conditions, and the conse- 
quent decrease in the coefficient of 
compressibility and corresponding §in- 
crease in the coefficient of consolidation 
with somewhat minor decreases only in 
permeability, the time-delay of consoli- 
dation will be considerably shorter, 
especially due to lateral consolidation 
drainage along the very much more 
permeable Clayey SILT layers. This is 
an additional very favorable aspect. 

These principles of representative 
consolidation testing of varved or thin- 


} 
tie 
47 
= 
$s 
3S 
. 
d, x 
re 
to 
as i 
a- 
he 


1370 

layered clay soils have been applied in 
the investigations of many important 
problems during the past 20 years, 
where such favorable aspects were 
disclosed for purposes of design and 
construction of structures, particularly 
for Drydocks 5 and 6 in the New York 
Navy Yard during 1941 to 1943, where 
some 160 samples of varved silt and clay 
were identified in detail and representa- 
tively tested for their strength proper- 
ties; for The White House reconstruc- 
tion in 1952, which was underlaid by a 
thin-layered clay and silt; for the Hudson 
River crossing of the New York State 
Thruway from Tarrytown to Nyack, 
where a thick layer of varved silt and 
clay was encountered at considerable 
depths in the river deposit; and for two 
cases, where thin fine sand layers and 
partings materially affected and in- 
fluenced favorably consolidation drain- 
age conditions in the horizontal direction 
in the organic silt of the Hudson River 
at Pier No. 57 of the buoyant box 
construction, and at the pier sites of 
the Kingston-Rhinecliff Bridge. 


CONCLUSIONS 


Representative soil testing can dis- 
close significantly the favorable and un- 
favorable aspects inherent in a situation 
so that they can be recognized and prop- 
erly evaluated. Full advantage can then 
be taken of the favorable aspects by 
fitting design and construction methods 
more closely to actual existing condi- 
tions. The possibilities can be explored 
for improving any unfavorable condi- 
tions, but in any case they can be fully 
taken into account by establishing in 
advance safe limits and time sequences 
for design and construction. But in 
order to accomplish these important 
objectives, it is essential that the nature 
and the complexities of the soil problems 
involved in an investigation and of the 
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conditions that control soil behavior be 
fully recognized and appraised, both by 
those requesting soil tests to be made 
and by those performing the soil tests 
(3, pp. 408) (5, pp. 251-253). 

It should be fully realized that soils 
are very different from the common 
structural materials where simple accept- 
ance tests are the rule, because soils, 
from the nature of their character and 
responses, are strongly susceptible to the 
influences of environmental conditions 
and to changes in conditions and treat- 
ment to which the soils may be subjected 
in the construction of structures Full 
exchange of essential information, opin- 
ions, and test findings should be made 
available during the testing program. 
So often the real nature of the condi- 
tions that control and their influences 
are revealed only during the progress of 
the soil testing. Those making the soil 
tests have a responsibility to recognize 
significant conditions and responses and 
to supply essential information on these 
conditions to those requesting the soil 
tests, so that they can be studied and 
evaluated before the testing program 
has been completed, thus permitting 
more complete evaluations. But compe- 
tent soil mechanics advice must be ob- 
tained, judgment must be exercised, and 
a proper share of responsibility must be 
accepted by both parties, in order to 
obtain fully adequate, representative, 
and reliable soil test data, which has 
valid and direct applications in the 
investigation under consideration. Ade- 
quacy here is an essentie’ prerequisite 
to adequacy in the final ov'come of an 
investigation, and hence in the final 
decisions of design and construction. 
This requires soil testing of a higher 
order. 

The major emphasis in soil investiga- 
tions for engineering works should be on 
attitudes of ‘works of discovery” and 
on higher concepts and practices of 
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adequacy in soil investigations. Thus it 
would be possible to realize high stand- 
ards of excellence and significant econo- 
mies in the planning, design, and con- 
struction of foundations of structures 
and of earthworks. 


earthworks, 
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The most important forward step for 
the future in realizing these practical 
engineering objectives is: To (reat and 
to test real soils under influences of 
essentially real and representative condi- 
tions that control. 
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EVALUATING RELATIONSHIPS BETWEEN MOISTURE CONTENT, 
DENSITY, AND VOID PROPERTIES OF SOILS* 


By NORMAN W. McLeop' 


SYNOPSIS 


While soil composition is usually expressed on a weight basis, a better under- 
standing of a number of soil properties is obtained by analyzing it on the basis 
of volume. For soils consisting of particles that absorb little or no water, this 
volumetric analysis can be made simply and accurately. However, for relatively 
absorptive, dense-graded, well-compacted, coarse-grained soils, correct values 
for void ratio, air voids, and degree of saturation can be obtained only when 
the volumetric analysis is based on the ASTM bulk specific gravity of the soil 
particles and when full allowance is made for the water absorbed into the water- 
permeable pore space within the individual particles of soil. The paper in- 
cludes several simple charts that contain families of curves relating the five 
variables, moisture content, density, void ratio, degree of saturation, and per 
cent air voids, for any homogeneous soil mass. Density and stability curves can 
be plotted on these charts, which could be useful in phases of soil engineering 
pertaining to soil compaction, consolidation, permeability, capillarity, sand or 
gravel filters, drainage facilities, frost action, etc. These charts have the time- 
saving advantage that after the point representing the moisture content and 
density of a soil sample has been plotted on the appropriate chart, correct 
values for the void ratio, degree of saturation, and per cent air voids of the 
sample can be read directly from the chart by interpolation. 


Soil masses consist basically of soil While expressing soil composition on a 
and water, or of soil, water, and air or weight basis has certain practical ad- 
other gas. It is common practice to ex- vantages, this approach can be quite 
press the composition of soil on a weight misleading in several respects when soils 
basis. The weight of the soil itself is vary widely in specific gravity, and it 
usually reported as pounds of either fails to provide certain basic information. 
oven-dry or wet soil per cubic foot of | For example, mere weight values for the 
bulk volume of the soil mass. Soil mois- soil and water components provide little 
ture content, on the other hand, is or- indication of the.degree of saturation of 
dinarily expressed as a percentage of the a soil, its void ratio, or per cent air voids. 
oven-dry weight of the soil (grams of Nor do they indicate how these void 
water per 100 g of oven-dry soil). properties would change with wide varia- 

— tions in either the specific gravity of the 

* Presented at the Fifty-ninth Annual Meet- soil, or its moisture content, or the bulk 

ing of the Society, June 17-22, 1956. density of the soil mass. Consequently, 


1 Engineering Consultant, Dept. of Trans- é 
port, Ottawa, Canada. for a better understanding of the proper- 


1372 


° 
+. 
af 
Py 
! 
af 
5 
a 
a® 4 
4 
+ 
4 . 
7 
/5 pe 
} 


ties of soils, and of their performance in 
engineering structures, it is worth while 
to analyze soils on a volumetric basis. 


BAsis FOR ANALYZING 
SOILS 


The volumetric approach to soil anal- 
ysis is illustrated by Figs. 1, 2, and 3. 
Saturated soils consist of only soil and 
water. In this case, all the water-per- 
meable porosity within the individual 
soil particles, together with the entire 
intergranular space between the particles, 
is filled with water. Figures 1, 2, and 3 
illustrate the soil, water, and air or other 
gas content of unsaturated soils. Figures 
2 and 3 pertain to unsaturated soils con- 


Volume of 
Permeobie 
fo] 


Volume of Woter Absorbed 


After immersion For 24 hrs __} Volume of Water Permeable 


/ Pore Spoce Not Filled After 
24hrs immersion in Woter 


_ Fic. 1.—Illustrating Factors to be Consid- 
ered When Analyzing Soils on a Volumetric 
Basis. 


sisting of particles without and with in- 
ternal water-permeable porosity, respec- 
tively. 

The relative proportions by volume 
of soil and water, or of soil, water, and 
air, can vary over very wide limits. In 
a dense-graded, well-consolidated, gravel 
base course on a highway or airport, the 
soil material can occupy as much as 85 
to 90 per cent of the bulk volume of the 
base course. On the other hand, in certain 
cellular and other very open soil struc- 
tures, the volume occupied by the soil 
can be much less than 50 per cent of the 
bulk volume of the soil mass. 


THREE SPECIFIC GRAVITIES EMPLOYED 
FOR SOILS 


_ At the present time, two specific gravi- 
ties are commonly determined for coarser 
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soil particles such as gravel and sand: 
ASTM bulk specific gravity and ASTM 
apparent specific gravity.’ 

According to the definition for ASTM 
bulk specific gravity, the volume of a soil 
particle includes the volume of the water 
permeable pore space within the particle 
and is represented by any one of the 
three full circles in Fig. 1. On the other 
hand, ASTM apparent specific gravity 
separates the bulk volume of a coarse 
soil particle (full circle in Fig. 1) into 
two components. One of these is the 
volume of internal pore space into which 
water can penetrate during immersion 
for 24 hr, represented by the partial 


AIR 


WATER 


Be 


Fic. 2.—Soi]l Composition on a Volumetric 
Basis (No Absorption of Water into the Soil 
Particles). 


wedge c in Fig. 1. The other component 
is the volume of material that is imper- 
meable to water during 24 hr of immer- 
sion, the full circle minus the partial 
wedge c in Fig. 1. When the individual 
particles contain no water-permeable 
pore space, Fig. 2, their ASTM bulk and 
ASTM apparent specific gravities be- 
come equal. 

The test for ASTM apparent specific 
gravity limits the water absorption 
period to 24 hr. A longer immersion time 
might indicate the existence of additional 
water permeable porosity, illustrated by 
d in Fig. 1. 

2Standard Method of Test for Specific 
Gravity and Absorption of Coarse Aggregate 


(C 127), and Fine Aggregate (C 128), 1955 Book 
of ASTM Standards, Part 3, pp. 1231 and 1233. 
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When soil particles are quite small, 
the amount of water-permeable pore 
space within the individual particles 
cannot be determined accurately by 
present methods. However, it is believed 
that the current procedure for measuring 
the specific gravity of fine-textured soils, 
ASTM Method D 854,’ which involves 
soaking in water for 12 hr, provides 
values closer to ASTM apparent than to 
ASTM bulk specific gravity. Only when 
the particles of a fine textured soil are 
impermeable to water does its measured 
specific gravity by ASTM Method D 854 


Air 
Effective 
Water 
(LLL 
Soil 


Fic. 
Basis (Some Absorption of Water into the Soil 
Particles). 


become also its ASTM bulk specific 
gravity. 


WaTER ABSORPTION BY SOIL PARTICLES 


The absorption of water into the 
water-permeable pore space within in- 
dividual soil particles does not always 
seem to receive the attention that it 
merits. This is understandable insofar as 
fine-textured soils are concerned, since 
there is no standard method available at 
present for measuring the internal water- 
permeable porosity of the individual 
grains. However, this information can be 
obtained for the coarser-grained soils 
like the gravels and sands that are com- 


3Standard Method of Test for Specific 


Gravity of Soils (D 854), 1955 Book of ASTM 
Standards, Part 3, p. 1786. 


monly used for base courses for highways 
and airports, drainage installations, 
filters, etc. A recent paper by Ricketts, 
Sprague, Tabb, and McRae (1)* lists 
water absorption values ranging from 
0.2 to 11.7 per cent for about three dozen 
different aggregates. It is apparent, 
therefore, that the amount of water that 
must be added merely to fill the water- 
permeable pore space within the in- 
dividual particles of water-absorptive 
gravels and sands can be considerable. 
Consequently, measurement of this water 
absorption can lead to a better under- 
standing of the design, construction 
requirements, and performance of earth- 
work structures for which these coarser- 
grained soils are employed. 


PROPERTIES EMPLOYED IN 
Sort ENGINEERING 

The technical literature on soil en- 
gineering refers to three different void 
properties of a soil mass: “‘void ratio,” 
“per cent air voids,” and “degree of 
saturation.” “Void ratio” is defined as 
the ratio of the volume of intergranular 
space to the volume of solid particles in 
a given soil mass.°® “‘Per cent air voids” 
is defined as the total volume of the in- 
tergranular air spaces, a in Fig. 1, ex- 
pressed as a percentage of the bulk 
volume of a given soil mass (2). “‘Degree 
of saturation” is defined as the volume 
of water expressed as a percentage of the 
volume of the intergranular space in a 
given soil mass.° 

The values calculated for these three 
void properties depend upon which meas- 
ured specific gravity is selected for the 
soil, that is, ASTM bulk, ASTM ap- 
parent, or ASTM 854 specific gravity, 

* The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1395. 

5 Tentative Definitions of Terms and Symbols 
Relating to Soil Mechanics (D 653 — 42 T) 1955 
Book of ASTM Standards, Part 3, p. 1825. 
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and upon the quantity of water absorbed 
into the water-permeable pore space 
(b in Fig. 1 and the cross-hatched area of 
Fig. 3) within the individual soil par- 
ticles. The “‘void ratio” is larger when 
based on ASTM apparent than on ASTM 
bulk specific gravity. A portion or all of 
the water-permeable porosity of the in- 
dividual soil grains may be included in 
the value for ‘‘per cent air voids.” Fur- 
thermore, the amount of water absorbed 
within the individual soil particles has 
been assumed sometimes to be located 
entirely within the intergranular space 
between the particles and to be available 
to influence values for “per cent air 
voids” and ‘‘degree of saturation,” that 
is, the absorbed water is not subtracted 
from the total water content when cal- 
culating ‘‘degree of saturation” and “‘per 
cent air voids.” 

Specialists in soil mechanics clearly 
recognize the significance of the various 
factors that influence the values calcu- 
lated for the void properties of a soil 
mass. However, since this does not al- 
ways seem to be the case in routine soil 
engineering, it is one of the principal 
objectives of this paper to point out the 
magnitude of the errors in the values for 
void properties that can result from using 
the wrong specific gravity of the soil 
and from failure to take into account the 
portion of the water that has been ab- 
sorbed by the water-permeable porosity 
of the individual soil particles. 

As will be shown later, these errors 
tend to be relatively small for either 
saturated or unsaturated fine-textured 
soils with high moisture contents or rela- 
tively low bulk densities. On the other 
hand, they can be appreciable for coarse- 
grained soils such as sands and gravels. 
These errors can be large enough that 
difficulty can arise when trying to re- 
late the values for void properties with 
the actual field performance of soils and 
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even when checking the validity of a 
proposed theory or equation by means 
of laboratory tests, for example, per- 
meability. 

For this paper, it is assumed that cor- 
rect values for the void properties of 
soils will be obtained if they are calcu- 
lated by 

(a) employing the ASTM bulk specific 
gravity of the soil to determine the 
volume of the solid particles in a given 
soil mass; 

(6) subtracting the absorbed water 
from the total water content to find the 
“effective” quantity of water available 
to influence values for “per cent air 
voids” and ‘“‘degree of saturation.” 

These assumptions appear to be justi- 
fied by the following considerations: 

1. Water that has been absorbed into 
a soil particle (c of Fig. 1, and cross- 
hatched area of Fig. 3) is lost insofar as 
its influence on most engineering proper- 
ties of the soil are concerned. If ‘‘effective 
moisture content” is defined as the total 
moisture content of the soil (oven-dry 
basis) minus the absorbed water, it is 
clear that only the “effective moisture 
content” is available to (a) act as a 
cementing or lubricating medium, (d) 
contribute to gain or loss in shear 
strength, (c) drain during a consolidation 
test, (d) provide the soil with plasticity, 
workability, and ease of compaction 
during construction, and (e) serve as a 
void filling material in the intergranular 
space between the soil particles. Conse- 
quently, recognition of this “effective 
moisture content” is important regard- 
less of what specific gravity is employed 
to determine the volume of the solid 
particles in a given soil mass. 

2. As pointed out earlier, two different 
specific gravities may be measured for 
coarser soils: ASTM bulk, and ASTM 
apparent specific gravity. In routine 
soil engineering, the significance of the 
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difference between these two specific 
gravities is frequently overlooked. If 
ASTM apparent specific gravity has 
been specified, it is often used to calcu- 
late the volume of the solid particles in a 
given soil mass in precisely the same way 
that ASTM bulk specific gravity is em- 
ployed for this purpose. When used in 
this manner, the volume of the solid 
particles in a given soil mass when cal- 
culated by means of the two specific 
gravities can be substantially different. 
The internal skeleton or framework of 
any given soil mass consists of the volume 
of the soil particles calculated on the 
basis of their ASTM bulk specific gravity. 


Volume of Water Permeable Pore 
Space Not Filled After 
immersion in Water 


Soil Porticle 


Effective 


Particle Vol 
Water Content 


(ASTM. Bulk S.G.) 


Particle Volume 
(A.S.TM. App. $.G.) 
Volume of Water Permeable Pore 
Space FilledAfter 24hr 
immersion in Woter 

Fic. 4.—Illustrating the Influence of Water 
Absorption and ASTM Bulk and Apparent Spe- 
cific Gravities on Values Calculated for the Void 
Properties of Soils. 


This is illustrated by the full circles in 
Fig. 4. As ASTM apparent specific grav- 
ity is very often used, it results in an 
assumed shrinkage of each soil particle 
to the volume illustrated by the inter- 
mediate full circles in Fig. 4. The assumed 
shrinkage of each particle is equal to the 
volume of its water-permeable pore space 
after immersion for 24 hr, Fig. 4. For 
example, with 2 per cent water absorp- 
tion and an ASTM bulk specific gravity 
of 2.50, the use of ASTM apparent in- 
stead of ASTM bulk specific gravity re- 
sults in a volume shrinkage of 5 per cent 
for each particle. This shrinkage in 
volume has not actually occurred but it 
illustrates the degree of error to which 
ASTM apparent specific gravity, as fre- 
quently used, can lead when calculating 
the volume of the internal framework 


provided by the particles of a soil mass. 
An accurate knowledge of the actual! 
volume of this framework of solid par- 
ticles frequently facilitates better under- 
standing of other measured properties of 
the soil mass. 


SAMPLE CALCULATIONS 


The magnitude of the errors that can 
result from calculating values for the 
void properties of a soil mass by methods 
frequently used will be illustrated by four 
numerical examples. These errors are 
due to, 

1. Failure to allow for water absorbed 
into the water-permeable porosity of the 
individual soil particles. 

2. Using ASTM apparent instead of 
ASTM bulk specific gravity to determine 
the volume occupied by the solid par- 
ticles in the soil mass. 

In each of the four examples, what are 
considered to be correct values for the 
void properties will also be presented, 
based upon ASTM bulk specific gravity 
of the soil particles and making full al- 
lowance for water absoprtion. 

The first three examples pertain to 
soils with the relatively high water ab- 
sorption value of 2.1 lb of water per 100 
lb of oven-dry soil. The first example is 
concerned with a well-compacted, dense- 
graded gravel for which normal void 
values are obtained. The second exam- 
ple is based on the same material but 
illustrates the case of negative air voids 
and a degree of saturation greater than 
100 per cent. The third example considers 
a fine-textured soil at quite high moisture 
content. 

In contrast to the first example, the 
fourth example is concerned with a well- 
compacted, dense-graded gravel having 
the relatively low water absorption value 
of 0.6 lb of water per 100 lb of oven-dry 
soil. 

Values for void properties associated 
with these four sets of conditions are 
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TABLE I.—EVALUATING THE VOID PROPERTIES OF WELL-COMPACTED, 
DENSE-GRADED GRAVEL HAVING MODERATE WATER ABSORPTION. 


Water absorption of soil particles, per cent. . 
Inter- 
Specific Gravity Granular Tat Air Voids, | Saturation, 
Method of Soil Particles pie al | Voids, | Void Ratio | “her cent per cent 
. per cent 
ASTM apparent........ 2.68 No 21.1 0.267 6.7 ‘68.2 
| ASTM bulk........... 2.54 Yes 16.7 | 0.200 6.7 59.9 


TABLE II.—ILLUSTRATING THE CASE OF NEGATIVE AIR VOIDS, WHY IT OC- 
CURS, AND HOW IT IS AVOIDED. (WELL-COMPACTED, DENSE-GRADED GRAVEL 
WITH MODERATE WATER ABSORPTION.) 


Water absorption of soil particles, per cent... .... 2.1 
Moisture oomtent of the sock mimes, POF CONE... 8.3 
| Int 
Specific Gravity ; | Granular ros . | Air Voids, | Saturation, 
Method of Soil Particles Pw ~ dl Voids, Void Ratio per cent per cent 
— per cent 
tele. .......... 3.64 No 15.7 0.186 —2.1 113.4 
= ASTM apparent........ 2.68 | No 20.1 0.252 2.3 88.6 
ABTM Bt Yes 15.7 0.186 2.3 84.7 


TABLE III.—EVALUATING THE VOID PROPERTIES OF A FINE-TEXTURED SOIL 


AT RELATIVELY HIGH MOISTURE CONTENT. (SOIL WITH MODERATE WATER 
ABSORPTION.) 
Water absorption of soil particles, per cent... . 2.1 
Moisture content of the soil mans, per cent... 50.0 
Inter- 
Specific Gravity ; Granular | y.; - | Air Voids, | Saturation 
Method A for Water Void Ratio 
of Soil Particles Absorption | 2 nym per cent per cent 
A. ASTM bulk........... 2.54| No 58.0 1.38 4.7 | 91.9 
B.........| ASTM apparent........ 2.68 No 60.2 1.51 6.9 88.5 
ABIM Yes 58.0 1.38 6.9 88.1 


TABLE IV.—EVALUATING THE VOID PROPERTIES OF A WELL-COMPACTED, 
~DENSE-GRADED GRAVEL HAVING RELATIVELY LOW WATER ABSORPTION. 


Water absorption of soil particles, per cent... 0.6 
Bulk specific gravity of the soil mass...................... 2.26 
Moisture content of the soil mass, per cont... 6.8 
Inter- 
Method Specific Gravity en Granular | voi Ratio | Air Voids, Saturation, 
of Soil Particles Absorption oids, per cent | per cent 
ve per cent 
No 16.7 0.200 2.3 86.2 
B. ASTM apparent........ 2.58 No | 18.0 0.220 3.6 80.0 
C Yes 16.7 3.6 78.4 


ASTM bull. 2.54 | 0.200 | 
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listed in Tables I, II, III, and IV. 
Methods A and B referred to in each of 
the four tables, although in fairly com- 
mon use, are believed to provide erro- 
neous values for certain void properties 
of a soil mass. Method A is in error with 
respect to “‘per cent air voids” and “ 

cent saturation” because it makes no 
allowance for water absorption into in- 
dividual soil particles. Method B pro- 
vides incorrect values for “‘per cent in- 
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Volume of water in 100 cu cm of the soil 
mass = 14.4 cu cm. 
Volume of soil in 100 cu cm of the soil mass 
Based on ASTM bulk specific gravity = 
211.6 
2.54 
Based on ASTM apparent specific grav- 


211.6 
ity = —_ 78.9 cu cm. 


= 83.3 cu cm. 


Therefore, the values for the various void 
properties of this soil mass as given by 


tergranular voids,” ‘“‘void ratio,’ and Methods A and B are: 

Method A 
Setninatie vei per cent. 100 — 83.3 = 16.7 100 — 78.9 = 21.1 } 
= 0.200 = 0.267 
Air voids, per cent.......... 100 — (83.3 + 14.4) = 2.3 | 100 — oy + 14.4) = 6.7 
Saturation, per cent........ (55) (100) = 86.2 i i (100) = 68.2 


“per cent saturation”’ because the volume 
occupied by the soil particles is too low 
when calculated by their ASTM ap- 
parent specific gravity. The values for 
void properties given by method C are 
considered to be correct because full 
allowance is made for the water absorbed 
by the individual soil particles and the 
volume of the soil particles is calculated 
on the basis of their ASTM bulk specific 
gravity. 

The procedure employed for calculat- 
ing values of void properties by means 
of methods A and B in each of the four 
tables is illustrated by the following 
example, using data from Table I. In all 
cases the specific gravity of water is 
assumed to be 1.000. 


Basis of Computation—100 cu cm of the soil 
mass. 


Weight of 100 cu cm of the soil mass = 226 g. 
Weight of water in 100 cu cm of the soil 


mass = 5 és) (226) = 144g. 


106.8 
Weight of soil in 100 cu cm of the soil mass = 


226 = 211.6 g. 


To obtain what are believed to be 
correct values for the void properties 
listed opposite method C in each of the 
four tables, the procedure illustrated by 
the following computation based on the 
data of Table I was employed: 


Basis of Computation—100 cu cm of the soil 
mass 


Weight of 100 cu cm of the soil mass = 
(100) (2.26) = 226 g. 
Weight of water in 100 cu cm of the soil 


mass = (226) = 14.4 g. 


6. 
106.8 
Weight of soil in 100 cu cm of the soil mass = 


100 
226) = 211.6 g. 
1008 (226) = g 


Volume of water in 100 cu cm of the soil 
mass = 14.4 cu cm. 
Volume of absorbed water in 100 cu cm of the 


soil mass = ad (211.6) = 4.4cucm. 


Volume of unabsorbed (“effective”) water = 
14.4 — 4.4 = 10.0 cu cm. 

Volume of soil in 100 cu cm of the soil mass 

Based on ASTM bulk specific gravity = 


211.6 
= 83.3 cu cm. 


2.54 


_ Consequently, the correct values for the 
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void properties of this soil as given by 
Method C are: 


Intergranular voids, per cent = 100 — 
83.3 = 16.7 
Void rati sce = 0.200 
oid ratio 83. 3 
Air voids, per cent = 100 — (83.3 + 10.0) = 
6.7 
(10.0) 
Saturation, per cent = — (100) = 59.9. 
(16.7) 


Example No. 1 


Of the eight void values listed for methods 
\ and B in Table I, only three are correct. 
Opposite method A, the values for “per cent 
intergranular voids,” 16.7, and for “void 
ratio,” 0.200, are correct, but the values for 
“per cent air voids,” 2.3, and for “per cent 
saturation,” 86.2, are in error. The errors are 
due to failure to allow for the 2.1 per cent of 
water absorption by the soil particles. Op- 
posite method B, the value for “per cent air 
voids,” 6.7, is correct, but the values for 
“per cent intergranular voids,” 21.1, for 
“void ratio,” 0.267, and for “per cent sat- 
uration,” 68.2, are erroneous. In this case, 
the errors are caused by the use of ASTM 
apparent specific gravity to calculate the 
volume occupied by the soil particles. 

Table I indicates the void ratio of 0.267 cal- 
culated on the basis of ASTM apparent spe- 
cific gravity to be 33.5 per cent greater than 
the void ratio of 0.200 provided by ASTM 
bulk specific gravity. Taylor (3) suggests 
that under certain conditions the perme- 
ability of a soil varies approximately with 
the square of its void ratio. In this particular 
case, if the void ratio were calculated on the 
basis of ASTM apparent instead of ASTM 
bulk specific gravity, the anticipated perme- 
ability of the soil given by Taylor’s equation 
would be about 78 per cent too high and 
could be a major cause of very poor agree- 
ment with the actually measured value for 
permeability. 

Method C in Table I is believed to provide 
correct values for each of the void properties 
listed. These are seen to be quite different in 
several cases from those listed opposite meth- 
ods A and B. It should be particularly noted 
that the correct value of 59.9 per cent sat- 
uration is much less than the per cent satura- 
tion values given by methods A and B. 


The comments that have just been made 
concerning Table I apply in greater or less 
degree to the data of Tables II, III, and IV 
as well. 


Example No. 2 


The most interesting items of Table II 
are the negative value of —2.1 for “per cent 
air voids” and the value of 113.4 for “per 
cent saturation” listed opposite method A. 
These impossible values result because no 
allowance was made for the 2.1 per cent of 
water absorbed by the water-permeable pore 
space within the individual aggregate parti- 
cles. They occurred because it was assumed 
that the total moisture content was available 
to fill the intergranular void space between 
the aggregate particles. When allowance is 
made for the 2.1 per cent of water absorbed 
by the soil particles, the correct values for 
“per cent air voids,” 2.3, and for “per cent 
saturation,” 84.7, listed opposite method C 
are obtained. 


Example No. 3 


The data of Table III indicate that differ- 
ences in void values due to using either the 
ASTM bulk or ASTM apparent specific 
gravity of the soil and to either allowing for 
or neglecting water absorption are much 
smaller for a fine-textured soil having a rela- 
tively high moisture content than for a well- 
compacted, dense-graded coarse-grained soil 
(Tables I and II) when the specific gravity 
and water absorption values are the same 
for both soils. Generally speaking, the differ- 
ences between the values listed for each void 
property in Table III opposite methods A, 
B, and C are approaching the range of ex- 
perimental error. 


Example No. 4 a 


In contrast to Table I, the differences be- 
tween values for each void property listed in 
Table IV for a well-compacted, dense-graded 
gravel having a relatively low water absorp- 
tion, 0.6 per cent, tend to be rather small, 
regardless of whether methods A, B, or C 
are employed to calculate them. Neverthe- 
less, the spread in values for “per cent sat- 
uration” is twice that of Table III, and the 
range in values for “void ratio” is about 11 
per cent. 
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Fic. 5.--Relationships between Density, Moisture Content, Per Cent Saturation, Void Ratio 
and Air Voids for Soils (Dry Soil Basis). 
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Legend 
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Fic. 6.—Relationships between Density, Moisture Content, Per Cent Saturation, Void Ratio 
and Air Voids for Soils (Wet Soil Basis). 
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To summarize rather briefly, the data 


contained in Tables I and II show that 
serious errors can occur if incorrect 
methods are used to calculate void values 
for well-compacted, dense-graded, coarse- 
textured soil masses when the water 
absorption of the individual soil particles 
is relatively high. These errors are suffi- 
ciently large that they could make it 
very difficult to relate void characteris- 
tics with measured values for engineering 
properties such as permeability, capil- 
larity, drainage, strength, etc., of these 
soil masses. On the other hand, for fine- 
textured soils composed of particles with 
quite high water absorption and for 
coarse-textured soils having relatively 
low water absorption, Tables III and IV 
demonstrate that the differences in values 
for each void property are fairly small 
regardless of whether the erroneous or 
correct procedures represented by Meth- 
ods A and B or C, respectively, are em- 
ployed to calculate them. 


UsEFUL CHARTS FOR EVALUATING VOID 
PROPERTIES OF SOILS 

When the water absorption and ASTM 
bulk specific gravity of the soil particles 
and the specific gravity of the water (or 
other liquid) are known, relationships 
must exist between five important 
properties of homogeneous soil masses as 
a matter of mathematical necessity. 
These five properties, illustrated in Figs. 
5 and 6, are density of the soil mass in 
pounds per cubic foot, moisture content, 
void ratio, per cent air voids, and per cent 
saturation. The density of the soil mass 
and its moisture content are usually meas- 
ured and have been made the ordinate 
and abscissa, respectively, of Figs. 5 and 
6. On the basis of density and moisture 
content, the void ratio, per cent air 
voids, and per cent saturation of the 
soil mass can be calculated. Families of 
curves for each of these three variables 
are shown in Figs. 5 and 6. Figure 5 is 
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based on the dry density of a soil mass, 
and Fig. 6 on its wet density. 

Charts somewhat similar to those of 
Figs. 5 and 6 have been developed for 
bituminous paving mixtures (4,5,6). 

Figures 5 and 6 can be used with pre- 
cision only when the ASTM bulk specitic 
gravity of the soil is 2.65 and when the 
specific gravity of the water or other 
fluid is 1.000. This is also true of Figs. 
7, 8, and 10 to 14. If the specific gravity 
of either material, or of both, differs 
from these values, none of these figures 
can be used with accuracy. Consequently, 
similar charts should be prepared for 
each combination of specific gravities 
for the soil and water or other fluid under 
consideration. Since the specific gravity 
of water is very nearly unity over a 
fairly wide range of ordinary tempera- 
tures, it is usually necessary to consider 
only the ASTM bulk specific gravity of 
the soil. 

Figures 5 and 6 are based in part upon 
the amount of soil moisture available to 
fill, or to partially fill, the intergranular 
space between the soil particles. In the 
case of absorptive soils, the quantity of 
water absorbed into the water-permeable 
porosity within the individual soil par- 
ticles (6 or c in Fig. 1) must be sub- 
tracted from the total water content of 
the sample (oven-dry basis). This gives 
the ‘corrected moisture content,” or the 
quantity of water actually located in the 
intergranular space between the soil 
particles (the “‘effective’’ water content 
of Fig. 1), which is the abscissa of Figs. 
5 and 6. 

Figures 5 and 6 are also based upon the 
ASTM bulk specific gravity of the soil 
particles. For absorptive soils, the water 
that is absorbed by the individual soil 
particles must be taken into account. 
Otherwise the actual specific gravity of 
the particles is increased from ASTM 
bulk to some higher value of specitic 
gravity that varies directly with the 
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Legend 
Per cent Air Voids 

Voids Ratio 
Per cent Saturation 
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Fic. 7.—Illustrating Compaction and Stability Curves on the Void Properties Chart (Dry Soil 
Basis). 


quantity of water absorbed up to the of Fig. 5, which is the usual soil density 
value of the ASTM bulk specific gravity on an oven-dry basis. On the other hand, 
saturated surface-dry basis® or slightly to use Fig. 6 correctly, from the meas- 
higher. Whether or not water absorption ured wet density of the soil mass, the 
occurs has no influence on the ordinate weight of water absorbed within the 
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individual soil particles must be sub- 
tracted, giving the “corrected wet 
density” of the soil, which is the ordinate 
of Fig. 6. 

As just indicated, Figs. 5 and 6 can be 
used to provide correct values for void 


Illustrating Compaction and Stability Curves on the Void Properties Chart (Wet Soil Basis). 


properties regardless of the amount of 
water absorbed by the soil particles but 
only if the measured moisture content 
and measured wet density are corrected 
for the weight of absorbed water. This 
in effect corrects the conditions of Fig. 


| 
ONS. 
4 
| 
i 
| 
4 8 12 16 20 24 22 36 40 
> 


to those of Fig. 2. Consequently, Figs. 
and 6 are based essentially on Fig. 2, 
or, expressed more precisely, they are 
based upon conditions represented by 
Fig. 3 (water absorption) that have been 
corrected to those of Fig. 2 (no water 
absorption). 

Where absorptive soils are concerned, 
any attempt to use Figs. 5 and 6 on the 
basis of ASTM apparent specific gravity, 
measured wet density, or measured water 
content, will lead to values for ‘“‘void 
ratio,” “per cent saturation,” and “per 
cent air voids,” having the margin of 
error illustrated by the data calculated 
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Fic. 9.—Typical Soil Compaction Curve. 


by methods A and B that are listed in 
Tables I to IV. The amount of error will 
be quite large for dense-graded, coarse- 
grained soils with rather high water ab- 
sorption but much smaller for fine- 
textured soils having the same water 
absorption or for dense-graded, coarse- 
grained soils with relatively low water 
absorption. 

If the amount of water absorbed by 
the individual soil particles is negligible 
or zero, no density or moisture correc- 
tions can be made. In this case, the meas- 
ured density becomes the ‘corrected wet 
density of soil” of Fig. 6, and the meas- 
ured. total water content (oven-dry 
basis) becomes the “‘corrected moisture 
content” of Figs. 5 and 6. 

Figure 7 is similar to Fig. 5, but a soil 
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compaction curve from a standard com- 
paction test and the corresponding 
strength curve provided by a Proctor 
needle have been added. Figure 8 is 
similar to Fig. 7, but the density of the 
soil is expressed on an oven-dry basis in 
Fig. 7 and on a corrected wet basis in 
Fig. 8. 

The soil compaction and strength 
curves of Figs. 7 and 8 are similar to 
those usually plotted on the basis of 
measured dry or wet density versus 
measured moisture content. However, by 
plotting the corrected soil compaction 
curve on charts like those of Figs. 7 and 
8, the investigator or engineer automati- 
cally obtains complete information con- 
cerning the void properties of a soil, 
without any need for the usual computa- 
tions required to evaluate these factors. 
For example, the point on the compaction 
curve in Fig. 7 representing a corrected 
moisture content of 13.0 per cent and an 
oven-dry density of 109.8 lb per cu ft, in- 
dicates by interpolation: 


Saturation, per cent. . 


Identical soil compaction data are 
represented by the compaction curves of 
both Fig. 7 and Fig. 8, the curve of Fig. 
7 being on a dry density basis while that 
of Fig. 8 is based on ‘“‘corrected wet den- 
sity.” Furthermore, it will be seen that 
for a corrected moisture content of 13.0 
per cent, the compaction curve of Fig. 8 
gives the same values for ‘“‘void ratio,” 
“per cent air voids,” and “per cent 
saturation,” that have just been listed 
for the compaction curve of Fig. 7 for 
this moisture content. This must be the 
case of course, if both diagrams are 
equivalent, one based on oven-dry and 
the other on “‘corrected wet” density. 

The usual compaction curve for meas- 
ured density versus measured moisture 
content tells nothing of the void charac- 
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Fic. 10.—Illustrating Compaction Requirements and Penetrometer Curve on the Void Proper- 
ties Chart (Dry Soil Basis). 
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teristics of the soil, and very often the 
graph does not even show the zero air 
voids line, Fig. 9. On the other hand, by 
merely plotting the corrected compaction 
curve on Fig. 7 or Fig. 8, accurate values 
for the void properties of the soil are 
provided by visual inspection and with- 
out the usual expenditure of time and 
effort needed for calculating them. 

Figures 7 and 8 are useful for general 
soil analysis quite apart from soil com- 
paction. They can be used to furnish 
void values for a representative sample 
from either an undisturbed or disturbed 
soil mass. As soon as the point represent- 
ing the corrected density and corrected 
moisture content of the soil sample has 
been plotted on Fig. 7 or Fig. 8 or ona 
similar diagram, this automatically en- 
ables values for “void ratio,” “‘per cent 
air voids,” and “‘per cent saturation” to 
be read directly from the chart. 

By plotting moisture and density 
values for soils on charts like Figs. 7 and 
8, certain unreasonable data may be 
detected immediately. This would avoid 
the situation that sometimes develops 
where, as ordinarily used, the measured 
moisture and density values imply nega- 
tive air voids, per cent saturation greater 
than 100, etc. This is occasionally due to 
experimental error but is not infrequently 
caused by incorrect interpretation of 
data, as illustrated by Table II. 

Specifications for earthwork often 
require that a soil be compacted to 95 
per cent or to some other percentage of 
the maximum density given by a speci- 
fied method of laboratory compaction. 
In Figs. 7 and 8, the lines corresponding 
to 95 per cent of maximum density have 
been drawn. The 95 per cent compaction 
line is horizontal in Fig. 7 but has a 
positive slope in Fig. 8. This line corre- 
sponds to a void ratio of 0.57 in both 
figures, and its intersection with the 
compaction curve in each diagram pro- 
vides the same range of corrected mois- 
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ture content, 11.2 to 17.2 per cent. This 
is to be expected, since the compaction 
curves of Figs. 7 and 8 are based upon the 
same basic moisture and density data. 
Figures 7 and 8 illustrate the somewhat 
different appearance of the two soil 
compaction diagrams when one is based 
on dry and the other on wet density. 


FrELD CONTROL OF Sort COMPACTION 


The enclosed areas on Figs. 10 and 11 
indicate where all points representing 
field density tests should lie if the mini- 
mum compaction requirement is 95 per 
cent of maximum density and if the 
moisture content is to be maintained 
within the range of 11.2 to 17.2 per cent 
during the actual construction of an 
earthwork project using the soil repre- 
sented by the compaction curve. In both 
figures, the bottom boundary of this 
area is the line representing 95 per cent 
of maximum density, the left-hand and 
right-hand boundaries indicate moisture 
contents of 11.2 and 17.2 per cent, re- 
spectively, and the top boundary is the 
zero air voids curve. 

The use of Figs. 10 and 11 for control- 
ling soil compaction in the field, will be 
Example No. 5 


illustrated by an example. 
1. Test Data 


(a) ASTM bulk specific gravity of the 
soil, 2.65. 

(6) Water absorption by the soil particles, 
per cent, 2.3. 

(c) Specific gravity of water, 1.000. 

(d) Measured density of field compacted 
soil, lb per cu ft, 124.7. 

(e) Measured moisture content of field 
compacted soil, per cent, 15.5. 

2. Problem 

The problem consists of determining 
whether or not this sample from the field 
compacted layer of soil meets the compac- 
tion requirements represented by the en- 
closed areas of Figs. 10 and 11. 

3. Solution 


. 
I 
7 
cox, 
. 
j 
pn 


Basis of computation—| cu it of field com- 
pacted soil. 

(a) Since the measured total moisture 
content of the soil is 15.5 per cent, and the 
water absorption into the individual soil 
particles is 2.3 per cent, the “corrected mois- 
ture content’’ of the soil sample is 15.5 — 
2.3 = 13.2 per cent. 

(b) Weight of 1 cu ft of the field com- 
pacted soil = 124.7 lb. Weight of 1 cu ft of 
the field compacted soil, oven-dry basis = 
() (124.7) = 108 lb. Weight of water 
absorbed into soil particles in 1 cu ft of the 

2.3 
(75) (108) = 2.5 
lb. Therefore, the “corrected wet density” 
of 1 cu ft of the field compacted soil = 
124.7 — 2.5 = 122.2 lb. 

(c) Consequently, for Fig. 10, Weight of 
dry soil, Ib per cu ft = 108. “Corrected 
moisture content,” per cent = 13.2, and 
for Fig. 11, “Corrected wet density of soil,” 
lb per cu ft = 122.2. “Corrected moisture 
content,” per cent = 13.2. 

(d) Plot the points representing these test 
data on Figs. 10 and 11 respectively (see 
small circles). Since these small circles lie 
within the area of each diagram that repre- 
sents the specified compaction requirements 
for the soil, the layer has been rolled ade- 
quately at the point where the soil density 
and moisture content were measured. 


field compacted soil = 


Incidentally, it may be noted that the 
points represented by the small circles 
in Figs. 10 and 11, which were deter- 
mined on the basis of the measured values 
for moisture content and density, auto- 
matically provide the following values for 
“void ratio,” “per cent air voids,” and 
“per cent saturation,” 


11.8 
POF CONE... 66.0 


The area representing acceptable mois- 
ture and density limits may often be 
narrower than those illustrated in Figs. 
10 and 11. Sometimes the field moisture 
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is maintained on the dry side of optimum 
moisture, and for other projects the wet 
side of optimum may be specified. It is a 
simple matter to establish areas on charts 
like those of Figs. 10 and 11 for which 
the width represents whatever range of 
moisture content the design requirements 
call for. 

It should be emphasized that Figs. 10 
and 11 can be used with accuracy only 
when the ASTM bulk specific gravity of 
the soil is 2.65. For soils with ASTM 
bulk specific gravities different from 
2.65, similar charts based upon the aciual 
ASTM bulk specific gravity of the soil 
should be prepared. 


CHARTS FOR SPECIFIC VALUES OF 
WATER ABSORPTION 


Figures 5, 6, 7, 8, 10, and 11 require 
that the measured moisture content of 
the soil be corrected for the water ab- 
sorbed into the individual soil particles 
to give the ‘‘corrected moisture content.” 
For Figs. 6, 8, and 11, the measured wet 
density of the soil must be corrected for 
the weight of water absorbed into the 
individual soil particles to provide the 
“corrected we. density.’’ These charts 
have the particular merit that they pro- 
vide correct values for ‘‘void ratio,” 
“per cent air voids,” and “per cent 
saturation,” regardless of the quantity 
of water absorbed by the individual 
particles of soil. 

On some large project, the quantity of 
water absorbed by the individual soil 
particles may be quite constant, for 
example, 2.0 per cent. In this case, it 
happens that a special chart can be em- 
ployed, Figs. 12 or 13, for which the 
usual corrections to measured moisture 
content and measured density are not 
necessary. The abscissa of Figs. 12 and 
13 is measured moisture content, and the 
ordinate is dry and measured wet density, 
respectively. Adjustment of measured 
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moisture content and measured wet 
density for the 2.0 per cent of water 
absorbed by the soil particles is not re- 
quired for Figs. 12 or 13 because the 
necessary correction has been incorpo- 
rated into the construction of these 
charts. It should be carefully observed 
that the use of Figs. 12 and 13 is re- 
stricted to the particular case where the 
individual soil particles absorb 2 per 
cent of water and the ASTM bulk specific 
gravity of the soil is 2.65. Similar charts 
can be prepared for other constant values 
of soil water absorption such as 0.5, 1.0, 
1.5 per cent, etc., and for soils with other 
ASTM bulk specific gravities. 

It will be noted that the left-hand side 
of Figs. 12 and 13 is different from that 
of Figs. 5, 6, 7, 8, 10, and 11. In the 
latter, the curves representing “‘per cent 
air voids” and “per cent saturation” are 
carried through without a break to the 
ordinate axis representing a “corrected 
moisture content” of zero. In Figs. 12 
and 13 on the other hand, a marked dis- 
continuity occurs in the “per cent air 
voids” curves at a measured moisture 
content of 2 per cent. In addition, in Fig. 
12 all curves representing various values 
for “per cent saturation” come to a com- 
mon point at the top of the left-hand side, 
corresponding to a dry density of 165.36 
lb per cu ft and a measured moisture 
content of 2 per cent (1 cu ft of material 
having an ASTM bulk specific gravity of 
2.65 weighs 165.36 lb). In Fig. 13, the 
“per cent saturation” curves come to a 
similar common point representing a 
measured wet density of 168.66 lb per cu 
ft and a measured moisture content of 2 
per cent (one cu ft of material having an 
ASTM bulk specific gravity of 2.65 and 
a water absorption of 2 per cent weighs 
168.66 lb at a moisture content of 2 per 
cent). 

These peculiarities on the left-hand 
side of Figs. 12 and 13 occur because of 
the assumption that the first 2 per cent 
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of water added to the soil, or the lasi 2 
per cent of water to leave the soil, under 
equilibrium conditions, will occupy the 
water-permeable porosity of the indi- 
vidual soil particles. The internal capil- 
laries that make up this water-permeable 
porosity will usually be of very small 
diameter and the capillary suction pres- 
sure on any available water will be very 
high until they are completely filled. 

When dealing with fine-textured clay 
soils, such factors as heat of wetting, 
hydration, ionic atmospheres, osmosis, 
Donnan equilibrium, solvation of ions, 
etc., make it difficult to determine exactly 
how very low moisture contents are 
distributed over and within an individual 
soil particle. For coarse-grained soils on 
the other hand, under equilibrium con- 
ditions, it seems reasonable to expect 
that the very large suction forces of the 
fine capillaries within each particle will 
tend to absorb added water, up to the 
water absorption value for the soil. 

In any case, how to handle the factors 
that lead to these special features on the 
left-hand side of the diagram is a prac- 
tical problem in soil engineering that is 
frequently overlooked but which is 
brought sharply into focus when dia- 
grams like those of Figs. 12 and 13 are 
to be prepared. 


CHARTS FOR SATURATED SOILS 


For saturated soils, the “per cent air 
voids” is zero and the “per cent satura- 
tion” is 100. However, values of ‘void 
ratio” for masses of saturated soils may 
vary over wide limits depending upon the 
specific gravity of the soil, and its mois- 
ture content. 

Figure 14, which is restricted to sat- 
urated soils, provides zero air voids 
curves for soils with ASTM bulk specific 
gravities ranging from 2.52 to 3.00. 
Successive zero air voids curves differ 
by 0.02 unit of ASTM bulk specific 
gravity. Figure 14 can be used in three 
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ways to obtain useful information con- 
cerning a saturated soil. 

1. In the absence of experimental 
error, the point representing the oven- 
dry density and the ‘“‘corrected moisture 
content” of the soil must lie on the zero 
air voids curve corresponding to the 
ASTM bulk specific gravity of the soil. 
The location of this point enables the 
“void ratio” for the soil to be read off 
by visual interpolation. For example, if 
the oven-dry density of a saturated soil 
is 120 lb per cu ft and the corrected mois- 
ture content is 16 per cent, these values 
intersect on the zero air voids curve for 
a soil with an ASTM bulk specific gravity 
of 2.78, and the value for the “‘void ratio” 
is 0.45. 

2. For fine-grained soils, there are no 
current standard methods for measuring 
either the amount of water absorbed by 
the individual soil particles or the ASTM 
bulk specific gravity of the soil. However, 
Fig. 14 can be employed to provide the 
apparent specific gravity of a fine-tex- 
tured soil. The procedure consists of en- 
tering the abscissa of Fig. 14 at the 
measured moisture content and the or- 
dinate at the dry density of the soil 
sample. The intersection of these two 
values enables the apparent specific 
gravity to be determined by interpola- 
tion. For example, suppose the dry 
density of the saturated soil is 102.5 lb 
per cu ft and its measured (oven-dry) 
moisture content is 22.0 per cent. The 
intersection of these ordinate and ab- 
scissa values occur in Fig. 14 on the zero 
air voids curve for a specific gravity of 
2.58. However, when obtained in this 
way, 2.58 is the apparent specific gravity 
of the soil, and not the ASTM bulk 
specific gravity unless there is no water 
absorption by the individual particles. 

When used in this way (total moisture 
content for the abscissa), the point repre- 
senting measured moisture and dry 
density does not provide the correct 
“void ratio.”” Some indication of the 
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margin of error in the “‘void ratio” value 
that would occur when using Fig. 14 in 
this manner for fine-textured soils (meas- 
ured instead of corrected moisture con- 
tent), when the moisture absorption of 
the individual soil particles is 2.1 per 
cent, has been illustrated by Table III, 
which pertained to a fine-grained soil 
with a relatively high moisture content. 

3. When there is no absorption of 
water into the individual soil particles, 
measured and corrected moisture con- 
tents for the soil are the same and ASTM 
bulk and apparent specific gravities are 
equal. Under these conditions, the dry 
density and measured moisture content 
will enable the correct ‘‘void ratio” value 
of the saturated soil to be read directly 
from Fig. 14. 


SUMMARY 


1. The advantages of analyzing the 


composition of soils on a volume rather 
than on a weight basis are pointed out. 

2. Volumetric analysis encourages the 
calculation of values for void ratio, per 
cent air voids, and per cent saturation. 

3. If the soil particles absorb no water, 
correct values for these void properties 
are readily determined. 

4. For absorptive soils, examples are 
given to demonstrate the magnitude of 
the errors that can occur when evaluating 
void properties by current methods very 
often employed for this purpose. 

5. Correct values for the void proper- 
ties of absorptive soils can be obtained 
only when the volumetric analysis is 
based on the ASTM bulk specific gravity 
of the soil, and when full allowance is 
made for the quantity of water absorbed 
by the individual soil particles. 

6. Charts containing families of curves 
representing a wide range of values for 
void ratio, per cent air voids, and per 
cent saturation, and for which the or- 
dinate is either dry density or corrected 
wet density, and the abscissa is corrected 
moisture content, are included. 
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7. As soon as the point representing 
the dry or corrected wet density and the 
corrected moisture content of a soil sam- 
ple has been plotted on the appropriate 
chart, correct values for void ratio, per 
cent air voids, and per cent saturation, 
can be read directly from the chart by 
interpolation. This eliminates the time 
and effort ordinarily required to cal- 
culate them. 

8. These charts can be usefully em- 
ployed in connection with seepage, per- 
meability, capillarity, and frost action 
studies, the design and control of soil 
compaction, drainage, and filter installa- 
tions, etc., in addition to their utility for 
routine soil analysis. 
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is a very good question and is one that 
might develop some debate. However, 
because of forces associated with the 
energy of the heat of wetting and the very 
high suction pressures of minute capil- 
laries, we believe that, in general, at low 
moisture contents water will tend to be 
driven or sucked into the water-permea- 
ble porosity of the individual soil par- 
ticles before it begins to fill the relatively 
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much larger intergranular spaces between 
the particles. Under equilibrium condi- 
tions, the principles of thermodynamics 
would seem to indicate this to be a rea- 
sonable assumption. 

Mr. SHOCKLEY.—It appears that there 
should be a lower moisture content limit 
below which the charts would not apply. 

Mr. McLeop.—The point that Mr. 
Shockley has mentioned is one that needs 
to be considered. However, as just 
pointed out, we believe that at low mois- 
ture contents, any available water will 
move to satisfy the capillary forces of 
the water-permeable porosity of the in- 
dividual soil particles first. If this as- 
sumption is correct, there is no moisture 
content below which the charts do not 
apply. They are applicable to the entire 
range of soil moisture content. 

Figures 5 to 8, 10, and 11 are applica- 
ble to any soil with an ASTM bulk 
specific gravity of 2.65, regardless of its 
water absorption value. For each of these, 
the abscissa is ‘‘corrected moisture con- 
tent.” To obtain this “corrected” mois- 
ture content, the absorbed moisture must 
be subtracted from the total water con- 
tent. Similarly, for Figs. 6, 8, and 11, 
from the measured density, the weight 
of the absorbed water must be subtracted 
to determine the ‘‘corrected wet density.” 

The point referred to by Mr. Shockley 
must receive special consideration when 
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preparing charts like those of Figs. 12 
and 13, for which the ordinate is dry or 
measured wet density, and the abscissa 
is measured (total) moisture content, 
Figures 12 and 13 are restricted to soils 
with a water absorption of 2 per cent 
(and ASTM bulk specific gravity of 2.65). 
As indicated at the left-hand side of 
Figs. 12 and 13, discontinuities occur in 
the curves for “per cent air voids” and 
“per cent saturation” at a measured 
moisture content of 2 per cent, which is 
the moisture absorption value in this 
case. However, even for Figs. 12 and 13, 
there is no lower limit of moisture con- 
tent below which the charts cannot be 
applied. 

It might be worth while to point out 
again, that the water-permeable porosity 
of the individual soil particles, and its 
content of either air, or water, or both 
have been excluded when evaluating 
void ratio, per cent air voids, and per 
cent saturation. Consequently, the charts 
have been constructed on the basis that 
“void ratio” is concerned solely with the 
intergranular space between soil particles 
whose volume is calculated from their 
ASTM bulk specific gravity, “per cent 
air voids” pertains exclusively to the 
intergranular air voids, and only the 
water contained in the intergranular 
void space influences ‘“‘per cent satura- 
tion.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
IN-PLACE SHEAR TESTING OF FOUNDATION 
SOIL BY THE VANE METHOD 


The so-called vane method for making in-place shear tests of foundation 
soils has aroused considerable interest in this country. A number of indi- 
viduals have been making use of this device which was developed in the 
Scandinavian countries. Apparatus has been imported and in some cases has 


been devised in this country. The Symposium provided an opportunity for | 


outlining the various considerations involved and for interesting discussion. 
Subcommittee R-2 on Sampling and Related Field Testing for Soil In- 


vestigation of Committee D-18 on Soils for Engineering Purposes, sponsored 


the Symposium, held at the thirtieth session of the Fifty-ninth Annual 
Meeting of the Society in Atlantic City, N. J. on June 22, 1956. J. O. Oster- 
berg, Technological Institute, Northwestern University, Eyanston, IIl., 


~ acted as Chairman of this Symposium. 


The Symposium includes the following papers: 


Vane Testing for Shear Properties of Soil—The Present Status of Vane Test- 
ing—J. O. Osterberg 

\n Apparatus and Method of Vane Shear Testing of Soils—Harold J. Gibbs 

Deep Vane Tests in Gulf of Mexico—Carl W. Fenske 

Vane In-Place Soil Shear Measuring Device—W. A. Hill 


The general discussion included three prepared discussions received from — 


Scandinavian sources. 


These papers with discussions were issued as ASTM Special Technical 
Publication No. 193, entitled “Symposium on In-Place Shear Testing of | 


Foundation Soil by the Vane Method.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
SPECIFIC GRAVITY OF BITUMINOUS 
COATED AGGREGATES 


Specific gravity has an important role in the present-day design and 
measurement of compaction of bituminous pavements. It is customarily | 
used in determining compaction of the bituminous mixtures. In the past it 
has been the practice to measure individually the specific gravity of each 
component in order to determine the correct mixture proportions. This has 
not been an accurate or satisfactory procedure. 

A symposium comprising six papers was sponsored by Subcommittee 
B-14 on Specific Gravity of Fine and Coarse Aggregates of Committee D4 
on Road and Paving Materials. The Symposium was held at the first ses- 
sion of the Fifty-ninth Annual Meeting of the Society in Atlantic City, 
N. J. on June 18, 1956. H. T. Williams, Duquesne Slag Products | Co. . 
Youngstown, Ohio acted as Chairman of this Symposium. 

The Symposium included the following papers: 


The Role of Specific Gravity in the Design and Control of Bituminous Paving — 
Mixtures—C. A. Carpenter 

Measurement of Bituminous Concrete Core Specific Gravities and Specific 
Gravities of Bituminous Coated Coarse Aggregates by Means of a 
Volumeter—F. M. Williams, L. E. Grimmer, M. M. McAdams, and S.. 
Yanoshek 

Measurement of Maximum Theoretical Specific Gravity of a Bituminous by 
Solvent Immersion—Paul J. Serafin 

Development and Application of the Effective Specific Gravity of Bituminous 
Coated Aggregates—J. Rogers Martin and Andrew H. Layman, Jr. 

Maximum Specific Gravity of Bituminous Mixtures by Vacuum Saturation 
Procedure—James M. Rice 

Specific Gravity and Voids Relationships in Bituminous Pavement Mix De- 
sign—J. L. McRae 


These papers with discussions were issued as ASTM Special Technical 
Publication No. 191, entitled ° ‘Symposium on Specific Gravity of Bituminous 

Coated Aggregates.’ 
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New bending vibration decay equipment is described for determining the 
effect of static mean stress on the damping of materials. Tests were performed 


THE EFFECT OF STATIC MEAN STRESS ON THE DAMPING 
PROPERTIES OF MATERIALS* 


By Neat L. Person' AND BENJAMIN J. Lazan! 


SYNOPSIS 


on SAE 1020 steel, 2024-T4 aluminum, J-1 magnesium, annealed RC 55 
titanium, S-816 alloy, glass laminate, and type 403 alloy. The maximum stress 
on the specimen was kept below the cyclic stress sensitivity limit, below which 
damping is unchanged by stress history. Type 403 alloy was the only material 


that displayed a significant change in its damping versus alternating stress 
relationship due to the superimposed static mean stress. Whereas for the other 
materials the change was less than 30 per cent, for the magneto-mechanical 
alloy 403 at an alternating stress of 10,000 psi the specific damping energy 
decreased 90 per cent when the mean stress was increased from 0 to 40,000 psi. 


Energy dissipation by means of damp- 
ing is often one of the most effective 
methods of minimizing dangerous vibra- 
tions under near-resonant operating 
conditions. In some cases the only type 
of damping readily available for this 
purpose is the internal damping of 
materials. The effect of various test 
variables on the damping properties of 
materials is therefore of considerable 
design significance. 

Vibrational stresses resulting from near- 
resonant operation are often encountered 
under conditions which impose static 
mean stresses on the parts. However, 
very few data are available on the damp- 
ing properties of materials under various 
combinations of alternating stress to 
mean stress. In view of the importance of 
mean stress in several engineering situ- 


* Presented at the Fifty-ninth Annual Meeting 
of the Society, June 17-22, 1956. 

1 Research Assistant and Professor of Mate- 
rials Engineering, respectively, University of 


Minnesota, Minneapolis, Minn. 
ah 
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ations (the blade problems, for example) 
work was undertaken on the effect of 
mean stress on damping. Test data re- 
ported in this paper considers the case 
where the maximum stress (mean plus 
alternating) was kept below the cyclic 
stress sensitivity limit (1)? which is ap- 
proximately 80 per cent of the fatigue 
limit for many materials. 

In prior work the effect of static stress 
on material damping was investigated 
using the torsional vibration decay 
method on wire specimens with the 
static mean stress applied longitudinally. 
This method was used by Cochardt 
(2, 3) on several ferromagnetic materials 
and one nonferromagnetic material. 
The results of his room temperature 
tests showed that at lower torsional 
vibrational stresses the damping in 
ferromagnetic materials was reduced 


2 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
see p. 1409. 
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» ever that in this type of test the prin- 

| Rad hee 7 I" Rad cipal stress planes for the static preload 

' 0 associated with the tension are dis- 

({ placed 45 deg from the principal stress 
H | | planes for the alternating stress associ- 


bob ated with the torsion. It was therefore 
A B a— 


believed desirable to procure data on the 
effect of mean stress under conditions in 
Specimens. which the principal stress planes are the 


« 


_ Fic. 2. r+ Beam Fatigue and Damping Testing Machine pted for Static 
Mean Stress Vibration Decay Tests. 


with increased tensile static stress, same for both the static prestress and the 
whereas the damping increased with alternating stress. This is the condition 
Static stress for the non-ferromagnetic present in most engineering problems, 
material. It should be emphasized how- such as turbine blades for example. 
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The test program consisted of running 
bending vibration decay tests on each of 
the materials at various values of static 


mean bending stress. All tests were 
conducted at room temperature. The 
maximum total stress at the beginning of 
each test was kept below the cyclic stress 
sensitivity limit in order to eliminate 
the effect of stress history. Zero mean 
stress tests were run before and after the 
other mean stress tests to check the 
effect of stress history. 


Test MATERIALS AND SPECIMENS 


The materials tested in this program 
were SAE 1020 steel, 2024-T4 aluminum, 
J-1 magnesium, annealed RC 55 ti- 
tanium, S-816 alloy, glass laminate, and 
type 403 alloy. This particular group was 
selected to give a variation in material 
type and, therefore, in damping proper- 
ties. Details on the chemical composition, 
processing, and heat treatment of the 
materials are given in Table I. 

The test sections of the specimens were 
tapered (D, > Ds) so as to produce a 
constant maximum stress along the outer 
surface under the cantilever loading 
(1). Specimen dimensions are given in 
Fig. 1, in which average diameter D 
was 0.585 in. for the magnesium and 
aluminum, 0.375 in. for the mild steel, 
and 0.250 in. for the remaining materials. 

The test sections of the specimens were 
prepared using the following general 
procedure. First the specimen stock was 
turned to 0.002 to 0.005 in. oversize. 
Next, the section was rough polished to 
0.0005 in. oversize using a 240 grit belt 
and finally was finish polished to size 
using a 400 grit belt. Details of this 
method of polishing have been published 
previously (4). 


VIBRATION Decay EQUIPMENT AND 


TEst PROCEDURE 
A rotating cantilever machine de- 
scribed in previous publications (1, 4), 


PERSON AND LAZAN 


normally suitable for reversed stress 
testing only, was adapted for mean 
stress work by converting it for bending 
vibration decay tests as follows. 

The rotating-beam testing machine 
was meunted on a 4000-lb concrete 
block suspended on helical springs in 
order to isolate the vibrating system 
from foreign vibrations and energy. 
The upper part of the machine is shown 
in Figs. 2 and 3. Spindle S, table P, 
and frame B were all clamped firmly 
together to minimize energy loss in the 
specimen supporting system. The de- 
sired bending mean stress was imposed 
on the specimen by rotating table P 
about axle A to a predetermined angle 
with the verticai so that the arm G- 
weight Z combination acquired the 
necessary moment arm about the center 
of the specimen. If the weight-arm- 
specimen combination is now displaced 
perpendicular to the axle and allowed to 
vibrate freely, the specimen will feel a 
mean bending stress dependent on the 
table angle and a cyclic stress dependent 
on the amplitude of vibration. The rate 
of vibration decay is proportional to the 
damping energy absorbed by the speci- 
men. 

One of the difficulties encountered was 
that the direction of vibration for cylin- 
drical specimens had a tendency to 
change from the displacement plane 
during the decay of motion. In order to 
restrain the vibrations to a single plane, 
a light rod R with sharp conical ends and 
a soft tension spring H were placed be- 
tween the vibrating arm G and a rigid 
support arm C. The spring maintained 
rod contact and thus confined the vibra- 
tions to a vertical plane perpendicular to 
axle A. 

The displacement of the vibrating 
system was measured with a linear 
variable differential transformer. The 
transformer core was mounted on the 
vibrating arm and the coil was fixed to 
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the table. The relation between the arm 
displacement and the recorder displace- 
ment was found to be very nearly linear, 
even though the core moved through a 
small arc. The output of this transducer 
was recorded with a strain gage amplifier 
unit having adequate frequency response 
exceeding 40 cps. Since none of the 


decay test frequencies used were higher 
CO 


than 6 cps, the decay curves obtained 
were reliable. 

The location of resultant inertia force 
produced by the vibrating arm-weight 
system, that is its center of percussion, 
was considered in the design of specimen 
taper. Thus the maximum stress along 
the test section of the specimen was 
essentially constant. 

Air losses and the dissipation of en- 
ergy in the supporting system are some- 


_ Fic. 3.—Schematic Diagram of Vibration Decay Arm, Weight, and Specimen. 
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times serious sources of error in flexural 
vibration decay tests (7). The investiga- 
tion of these and other sources of energy 
loss is discussed in Appendix II, which 
indicates these errors are relatively small 
under the test conditions employed. 

As a further check on the reliability of 
the vibration decay method, comparison 
tests were performed on rotating-beam 


4 
@ 


equipment. The agreement between 
these two types of tests, on the basis of 
specific damping energy (see section on 
reduction of data) was considered ade- 
quate (15). 

The following general test procedure 
was used on all seven test materials. The 
specimen was statically deflected to a 
position which produced a maximum 
total stress approximately 10 per cent 
below the cyclic stress sensitivity limit, 
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a thin wire being used to maintain this 
deflection. The tests were started by re- 
leasing the arm from this deflected po- 
sition by cutting the wire with an 
acetylene torch. This method of release 
did not excite the supporting system or 
produce harmonic or other stray dis- 
turbances. 

Tests at zero mean stress were run 
periodically before and after the other 
mean stress tests to detect the presence 
of any stress history effects. Also, several 
tests were run at each mean stress to 
check the reproducibility of results. 


REDUCTION OF DATA 


The logarithmic decrement 6. may 
be computed from the test data using 
the following simplified equation: 


A definition of the symbols is given in 
Appendix I. When dog is less than 0.05, 
which is usually the case, the error in- 
volved in this simplified equation is less 
than 2 per cent. 

A correction for work done by the 
vibrating system against gravity is re- 
quired for the vibration decay tests under 
mean stress. The origin of this energy 
loss and its determination is indicated in 
Fig. 3. As the system vibrates about 
mean stress angle 0, its center of gravity, 
point C, moves along the path BCD. 
Point A may be defined as the mean 
static position of the center of gravity 
luring vibration between points B and 
D. It is observed that as the amplitude of 
vibration decreases, the mean position A 
approaches C against the force of 
gravity. The energy associated with this 
elevation of point A is subtracted from 
the energy in the vibrating system. This 
work done against gravity produces a de- 
cay effect similar to that caused by 
system damping. 

_ This work per cycle D, done against 
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gravity is equal to the change in distance 
h per cycle (see Fig. 3) multiplied by the 
weight of the system, W. It can be shown 
(15) that: 


© 


h = rcos@ (1 — cos a) _ 
and the change in h per cycle is: 


Ah = Ih — kn = 1 cos @ (cos az — cos a). (2) 
Since the angle @ is small, a = a/r 
and: 


r 


and the work per cycle against gravity 
is: 


W cos @ 2 


= 
2r 


It is observed that at 6 = 0 the work isa 
maximum and at @ = 90 deg no work is 
done. For @ between 90 deg and 180 deg, 
the correction is negative and gravita- 
tional energy is added to the vibrating 
system. 

The logarithmic decrement calculated 
from the decay curve must be corrected 
for the gravity effect. The decrement 
dog Observed during a test is related to 
the system energies by: 


By contrast, the logarithmic decrement 
6 associated with the specimen damping 
only is: 


Since D, = Dog — D,, the true logarith- 
mic decrement associated with specimen 
damping is: 


This is the logarithmic decrement used 
in the equations which follow. 
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The logarithmic decrement 6 as de- 
fined above may be converted to specific 
damping energy, considered to be the 
fundamental unit for expressing damp- 
ing (16), as follows: 


But for range of small values of 6 con- 
sidered here 


Deo => 25W = 6PX 
or 


The total damping D, in the specimen n+2 
may be expressed as: SPX ~/a(n +2) 2 
_ Veo d(V/V~) Equation 12 indicates that the actual — 
d(S/S.) (8) reduction of data may be simplified in 


salle that (a) the stress distribution 
along longitudinal direction is uniform 
and (6) the stress-strain relationship on 
cross section is linear, then: 


d(V/V.) _ 4 
d(S/S.) Se 


Thus Eq 8 may be written as: 


or 
Do 1 — 
So (5) 


In order to obtain a closed solution for 
Eq 9, a function for the specific damping 
energy in terms of stress must be as- 
sumed. In the stress region below the 
cyclic stress sensitivity limit, the damp- 
ing of most materials may be expressed 
as follows (16): 


Yas. . (9) 


Under these conditions it can be shown 


that: 
4 Vo 
Do = - D / sin” y dy 
0 


rn+2 


where y is the arc sine of S/S, and since 
n > —1, the specific damping energy is: 
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some cases. If the plot of log 6 versus log 
amplitude A (or stress S,) is a straight 
line with a slope m’, the value of m in 
Eq 10 is a constant and is equal to 
n’ + 2 (both P and X vary as the first 
power of stress). The log D versus log 
So curve may then be obtained by cal- 
culating D at any given stress by use of | 
Eq 12 and then drawing a straight line 
of slope ” through this point. 

In some cases (403 alloy, for example) 
the log plot of 6 and A is not a straight © 


line (m not constant) below the cyclic — 


stress sensitivity limit. For these cases 
the specific damping energy was cal- 
culated at various stresses using a local - 
value of m in Eq 12. A smooth curve was — 
then drawn through the calculated ~ 
points. Even though this approach is an | 
approximation the error is not con- 
sidered to be large for the range on n’s 
encountered to date below the cyclic 
stress sensitivity limit (17). 

It would be misleading to show the - 
plotted points on the specific damping - 
energy versus alternating stress curves — 
because all the points would fall on the — 
curves. This is due to the fact that the — 
values of the logarithmic decrement 


used in Eq 12 are taken from a smooth © 


curve drawn through the 6 versus stress 

plot, which does show scatter of data. 

The range of this scatter and thus the 

range of scatter of the damping curves is" 

+7 per cent or less for all the materials — 
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Specific Damping Energy D, in.-!b 


SAE 1020 Steel 


RC55 Titanium (Annealed) 
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Amplitude of Alternating Stress, psi 
Fic. 4.—Effect of Static Mean Stress, S,,, on Specific Damping Energy for SAE 1020 Steel and 


RCS55 Titanium (Annealed). 
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Amplitude of Alternating Stress, psi 
Fic. 5.—Effect of Static Mean Stress, S,,, on Specific Damping Energy for 2024-T4 Aluminum 


and S-816 Alloy. 


Test REsuLTS AND DISCUSSION 


The effect of mean stress on damping 
is shown by a series of plots, Figs. 4 to 
7, which show the log-log relationship 
between specific damping energy D 
and alternating stress for each of several 
mean stress levels. If the curves for 


various stress levels fall together, this 
indicates that damping is primarily de- 
pendent on alternating stress only and is 
affected very little by mean stress. 
Separation of the lines indicates a mean 
stress dependence. 

Figure 4 shows the results of the mean 
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Specific Damping Energy D, in-Ib per cu-in,per Cycle 


Amplitude of Alternating Stress, psi 
Fic. 6.—Effect of Static Mean Stress, S,, on Specific Damping Energy for Glass Laminate and ; 


J-1 Magnesium. 
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Specific Damping Energy D, in-lb per cu-in. 


n 2 3 4 
Amplitude of 


4 stress tests on 1020 steel. It is observed 


is that the damping energy corresponding 
S. to any given alternating stress decreases 
n very little with increased mean stress. 

At the maximum mean stress tested, 
. 21,000 psi, a decrease of only 30 per cent 


below the zero mean stress value is 


6 7 8 9 10% 2 3 4 


Fic. 7.—Effect of Static Mean Stress, S,,, on Specific Damping Energy for Type 403 Alloy. 


Alternating Stress, psi 


observed. This is an extremely small dif- 
ference compared with the effect of al- 
ternating stress; for example, the damp- 
ing at 2000 psi is only 1 per cent of the 
value at 23,000 psi (a 21,000 psi dif- 
ference). 

The other test materials in which 
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ferromagnetic damping effects are small 
show similar behavior, changing very 
little with increased prestress as shown 
in Figs. 4, 5, and 6. The maximum 
change in damping for all these materials 
is 30 per cent. 

As mentioned previously, the max- 
imum stress in all tests was kept below 
the cyclic stress sensitivity limit; thus, 
no change in damping with stress 
history was expected, nevertheless, 
RC 55 titanium did undergo a small 
change in damping due to stress history. 
Figure 4 shows the curve for zero mean 
stress (coincides with the 9000 psi 
mean stress curve) obtained after all 
other tests had been completed. The dif- 
ference associated with stress history is 
thus less than 20 per cent. 

The tests on glass laminate indicate 
that the same damping-stress curve is 
obtained whether the laminations are 
parallel or perpendicular to the plane of 
vibration. 

The ferromagnetic material 403 alloy 
shows a very significant decrease in 
damping with increased preload. Figure 
7, which gives the test results for 403 
alloy, indicates that for the range of al- 
ternating stresses covered D decreased 
about 90 per cent when the mean stress 
was increased from zero to 40,000 psi. 

The fact that type 403 alloy displayed 
a definite decrease in damping with in- 
creased static mean stress agrees with 
the work by Cochardt (2, 3) and may be 
explained by the domain theory of ferro- 
magnetism (8). The effect of a static stress 
on the damping of a ferromagnetic 
material is similar to that of a constant 
magnetic field (9, 10). 

The results of the tests on the five 
materials without large ferromagnetic 
effect differ from the results obtained by 
Cochardt (3) who observed that sig- 
nificant increase in damping occurred 
with static stress for Refractaloy 26. 
This disagreement is believed to be 
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caused by the difference between the two 
testing methods. The method used by 
Cochardt involved a static tensile stress 
with superimposed alternating torsional 
stress, whereas, the method used in this 
program imposed static bending stress 
and alternating bending stress on the 
same planes. In the Cochardt tests the 
principal stress planes for the static 
stress were displaced 45 deg from the 
principal stress planes for the alternating 
stress, while in the case of combined 
static and alternating bending stresses, 
the principal stress planes for the two 
types of stress coincide. 
CONCLUSIONS 

The data presented lead to the follow- 
ing conclusions for the materials in- 
vestigated in the range of maximum 
stress (mean plus alternating) up to the 
cyclic stress sensitivity limit. 

1. The effect of a static mean bending 
stress on the damping associated with a 
given alternating bending stress is small 
for materials with little magneto- 
mechanical effect. A maximum decrease 
in damping of only 30 per cent was ob- 
served for nonferromagnetic materials. 

2. Increased static mean stress greatly 
reduces the damping of type 403 alloy 
which has considerable magneto-mechan- 
ical damping. The specific damping 
energy was decreased as much as 90 
per cent with increasing static mean 
stress. 

It should be emphasized that this work 
was conducted below the cyclic stress 
sensitivity limit, which is approx- 
imately 80 per cent of the fatigue 
strength, and at room _ temperature. 
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APPENDIX I 


DEFINITION OF SYMBOLS AND TERMS 


= amplitude of N*® 

vibration, in. 

distances and angles shown in 

Fig. 3, in. and deg. 

specific damping energy of a 

material or that associated 

with a specific stress, in.-lb per 

cu in. per cycle. 

= energy dissipated during decay 
test as work against gravity, 
in.-lb per cycle. 

= total damping energy absorbed 
by specimen per cycle, in.-lb 
per cycle. 

= D, + Do, in.-lb per cycle. 

= Constant in daraping stress 
equation; the damping energy 
at a stress of 1 psi. 

= slope of log D versus log S plot 
=n’ + 2. 

= slope of log 6 versus log am- 
plitude plot. 

= number of cycles of vibration. 

= normal force acting through 
the center of percussion nec- 
essary to produce a stress equal 
to the stress associated with 
the computed value of 6, in lb. 


A N cycle of 
a, b, h, r, 


D = 


= 


= unit normal fiber stress at any 
point in specimen, psi. 

= maximum unit normal stress at 
outside fibers of test section of 
specimen, psi. 
static mean stress, psi. 
volume having stress less than 
S, in cu in. 
total effective volume of speci- 
men contributing to dissipation 
of energy D, in cu in. 
total weight of vibration decay 
arm, weight and half of speci- 
men. 
total elastic energy in speci- 
men at maximum stress, in.-lb. 
distance through which force P 
acts in in. 
logarithmic decrement, defined 
as the logarithm of the ratio 
of successive amplitudes of 
decay vibrations 


tm A; — Ay 
A;+Ay 
logarithmic decrement com- 


puted from recorded decay 
curve. 


APPENDIX II 


SouRCcES or Extr. ANEOUS ENERGY DISSIPATION DURING THE BENDING 


VIBRATION DeEcAy TEST 


One difficulty in the bending-vibration-decay 
method of determining material damping is the 
elimination of extraneous energy losses. Various 
tests were made in the machine described above 
to determine the approximate magnitude of the 
various sources of energy radiation considered 
to be serious causes of error. 

The three most ‘important energy losses 
studied were: (a) air churning, (5) support 
system friction, impact, etc, and (c) guide rod 
and spring friction. Each of these three is dis- 
cussed below. 

The amount of energy dissipated due to air 
damping depends on the size and shape of the 
vibrating arm-weight combination, test fre- 
quency, and amplitude of vibration. Since air 
damping varies approximately as the square of 


velocity it also varies approximately as the 
squares of test frequency and amplitude. 

The effect of air was studied in two manners. 
First, the damping was increased by attaching a 
sail-like plate of negligible weight to the arm; 
and secondly, the damping was decreased by 
running tests at reduced air pressures. An esti- 
mate of the air damping obtained from these 
studies is given in Fig. 8, which also shows the 
total damping energy curves for each of the test 
materials included in the mean stress investiga- 
tion. Since various types of specimens and 
weights were used, the total damping energy 
is plotted against the product of amplitude of 
vibration, frequency, and frontal area of the 
moving parts to provide a common abscissa. The 
air damping error at a given point on any of the 
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Total Damping Energy Dg, in-lb per Cycle 


1 


30 40 50 


Amplitude of Vibration x Frequency x Frontal Area of Moving Parts,cu in. per sec 


Fic. 8.—Comparison of Material Total Damping Energy and Air Damping Energy. 
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Fic. 9.—Comparison of Material Total Damping Energy and Supporting System Damping 


Energy. 


material damping curves is approximately 
equal to the value of the air damping curve at 
the same value of the abscissa. It is evident 
from Fig. 8 that air damping contributes negligi- 
ble error to tests. For example, at an abscissa 
value of 10 in.* per sec, the total damping energy 
for titanium, which has the lowest total damping 
curve of the seven materials tested, is 1.90 X 


10~* in.-lb per cycle while the air damping is 
only 8.5 X 10°*%. This represents an error of 
only about 4 per cent. 

The support system includes the rotating- 
beam machine, concrete block, and suspension 
springs. If the block is not at resonance during 
the tests, no significant energy loss occurs in the 
supporting springs. However, if the decay test — 
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frequency is near one of the natural frequencies 
of the suspended block, a continuous beat trans- 
fer of motion takes place between the vibrating 
arm and the block; thus the energy loss in the 
springs may be quite large. These critical fre- 
quencies can usually be avoided for any given 
material by using an appropriate combination 
of weight size and specimen type. 

The exact location of the source of energy 
dissipation within the rotating-beam machine is 
unknown. Most likely the energy loss occurs in 
the specimen grips and the spindle and table 
bearings. The grip loss is expected to depend on 
the tightness of the grips, but loosening or 
tightening them within a range of reasonable 
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on the moment. Figure 9 shows that the J-1 
magnesium and 2024-T4 aluminum damping 
curves are lowest for a given moment and 
therefore have the greatest error due to the 
support losses. At a moment of 80 Ib-in. the 
total damping energy for magnesium and 
aluminum is 8.0 X 10~ in.-lb per cycle, whereas 
the supporting system damping is 8.0 X 10°5 
in.-lb per cycle, representing an error of 10 per 
cent. 

Friction at the ends of the guide rod causes an 
energy loss that is dependent primarily on the 
amplitude of vibration and to some extent on 
the inertia forces in the system. Tests were run 
with and without the rod and spring using 
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Amplitude of Vibration of Point 20 in. From Center of Specimen, in. 


Fic. 10.—Comparison of Material Total Damping Energy and Guide Rod Damping Energy. 


values caused no noticeable change in the 
observed damping; thus this loss appears insig- 
nificant. The energy dissipation in the rotating- 
beam machine, excluding the grips, was’ investi- 
gated by comparing the results of decay tests 
run in the rotating-beam machine with the test 
results obtained with the same specimen fixed 
directly to the concrete block. The energy 
absorbed by the concrete is insignificant because 
the stresses produced in the concrete are ex- 
tremely small. The approximate damping in the 
supporting system found by this work is shown 
in Fig. 9. Also shown are the total damping 
energy curves for the seven test materials men- 
tioned above. In this case total damping energy 
is plotted against maximum bending moment 
since the machine energy loss is chiefly dependent 


round specimens with flats machined on opposite 
sides to assure vibration in a single plane when 
the guide rod was not used. SAE 4340 steel and 
S-816 alloy were tested in this manner. A liberal 
estimate of the guide rod damping derived from 
this work is shown in Fig. 10 along with the 
total damping energy curves for the seven ma- 
terials tested in the mean stress investigation. 
In this figure damping energy is plotted against 
amplitude of vibration. For the normal range of 
amplitude encountered, the rod damping varies 
from 5.0 X 10-* to 3.0 X 10° in.-lb per cycle, 
whereas for RC 55 titanium, which has the 
lowest total damping energy associated with a 
given amplitude, the total damping energy 
varies from 3.0 X 10-5 to 6.0 X 10 in.-lb per 
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cycle. Thus, guide rod friction causes a maximum 
error of less than 10 per cent in the range of 
testing for which data are presented. 

It is observed from Figs. 8, 9, and 10 that 
the error percentages given above are maximum 
values which correspond to only certain ma- 
terials. For example, the supporting system losses 
were estimated to be 10 per cent for aluminum 
and magnesium but for the other materials 


DISCUS 


Mr. K. WINTERTON! (presented in 
written form)—The results of this in- 
vestigation are interesting because for 
some years work has been going on at 
the Ontario Research Foundation aimed 
at clarifying the relationship between 
magnetic properties and mechanical be- 
havior and more recently to the utiliza- 
tion of the data for practical benefit. 

The authors have shown that with 
strongly ferromagnetic material, spe- 
cific damping decreases with increasing 
mean stress for a given amplitude of 
alternating stress. This is due to the re- 
duction in magnetomechanical damping. 
Domain wall movement is inhibited by a 
static stress as it is also by a magnetic 
field. In our own tests, techniques have 
been developed for studying changes in 
ultrasonic damping and also magnetic 
damping. A reduction in damping with 
increasing stress is observed in both 
instances. 

Mention has been made in the paper 
of the similar action of stress and of a 
magnetic field. It is as well to remember 
two important differences. First, while 
there is no theoretical upper limit to the 
field strength that can be applied to a 
specimen, a practical upper limit of 
stress is imposed from mechanical con- 
siderations. Second, the directional effect 
of a magnetic field is absent in the case 
of an applied stress, and no magnetiza- 
tion results. 


_ | Assistant Director, Department of Engineer- 
ing and Metallurgy, Ontario Research Founda- 


tion, Toronto, Canada. 


they amount to less than 3 per cent, see Fig. 9. 
Therefore, since the three error percentages 
given above do not all pertain to any one ma- 
terial, the sum of these percentages does not 
give the true total error. The largest total error is 
approximately 15 per cent which exists in the 
tests on RC 55 titanium (4 per cent air damping, 
1 per cent support damping, and 10 per cent 
rod and spring damping. 


The authors have noted a most pro- 
nounced effect for the ferromagnetic 
stainless steel type 403. In one sense 
however the effect is not much greater 
than that observed for the 1020 mild 
steel. Comparing Figs. 4 and 7 of the 
paper and examining the changes in 
damping as the mean stress is raised 
from 0 to 15,000 psi, the effects are 
roughly comparable with the two ma- 
terials. It is only the fact that much 
higher stresses are permissible with the 
stainless steel that produces a greater 
absolute effect. Incidentally, it would be 
interesting to know the authors’ expla- 
nation for the curvature of the line in 
Fig. 7 for zero mean stress at high ampli- 
tude. Does this mean that there is a 
limit to the magnetomechanical damp- 
ing at high applied stresses? 

Theoretical considerations have led us 
to believe that materials with a large 
magnetic remanence should be capable — 
of a greater dissipation of magnetic 
energy and consequently greater magne- 
tomechanical damping. It would be in- 
teresting to study the changes occurring | 
in remanence (or more completely in 
magnetization) under vibrational and 
fatigue conditions. Perhaps the authors 
could supply some data relating to the 
magnetic properties of the material used 
in their tests. 

Magnetomechanical damping supplies 
an important means for the dissipation 
of fatigue energy. New alloys can be 
designed to make the best use of this 
property with increased resistance to — 
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fatigue. For example we conceive an 
alloy with randomly distributed inclu- 
sions which are also single particle mag- 
netic domains. Cobalt could be satis- 
factory in an appropriate matrix. Such 
a structure should have good fatigue 
properties. 

Mr. B. J. Lazan (author’s closure).— 
The authors wish to express their thanks 
to Mr. Winterton for his comments and 
observation that tests conducted at the 
Ontario Research Foundation have also 
shown that damping decreases with in- 
creased stress. 

Mr. Winterton states that the effects 
of increasing the static mean stress from 
0 to 15,000 psi for 1020 steel and type 
403 alloy are “roughly comparable.” 
Actually the damping of the mild steel 
decreased about 20 per cent and type 403 
alloy decreased about 45 per cent for a 
mean stress of 15,000 psi. However, if 
comparisons are made on the basis of 
range of mean stress within permissible 
limits, rather than absolute mean stress, 
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a very much larger difference is observed 
for type 403 alloy. Since this later basis 
is more closely associated with the range 
of stresses usually encountered in en- 
gineering practice, it is believed to be 
more meaningful. 

In regard to Mr. Winterton’s inquiry 
concerning the curvature of the zero 
mean stress line for type 403 alloy, a 
very similar curve has been obtained 
for this material using a rotating-canti- 
lever-beam machine.’ It is believed that 
an upper limit to magneto-mechanical 
damping does exist which is caused by 
the alignment of all the domains at some 
critical stress. This and other aspects of 
the magneto-mechanical mechanism is 
discussed in reference (9) of the authors’ 
bibliography. 


2 E. R. Podnieks and B. J. Lazan, ‘‘Damping, 
Elasticity, and Fatigue Properties of Titanium 
Alloys, High Temperature Alloys, Stainless 
Steels, and Glass Laminate at Room and Ele- 
vated Temperatures,’ Wright Air Develop- 
ment Center Technical Report, WADC TR 
56-37. 
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SYNOPSIS 
Ultrasonic techniques have been used as a nondestructive test to differentiate 
between areas of intimate metal-to-metal contact with no bond and areas where 
two metals are fused together in a metallurgical bond. A test program was 
undertaken at Argonne National Laboratory to test nondestructively a large 
number of laminated metallic specimens. Since some of the specimens to be 
tested are less than 0.100 in. in thickness, it is necessary to use a two-crystal 
through-transmission technique. The purpose of this paper is to describe a 
scanning and recording system developed to test for defects and lack of bond- 
ing in plate and cylindrical type specimens, using the ultrasonic transmission J 


technique. 


The ultrasonic transmission technique 
requires a separate sending and receiving 
transducer. A pulsed ultrasonic wave or 
modulated continuous wave is_ sent 
through the specimen positioned between 
the two transducers and the amplitude 
of the transmitted wave measured. In 
general metals readily transmit ultra- 
sonic waves. If the metals are homo- 
geneous, the beam is transmitted without 
loss of energy due to scattering or re- 
flection. If there are voids, cracks, lack 
of bonding or other inhomogeneities, 
a measureable reflection and scattering 
of the beam takes place at these irreg- 
ularities. Any reflection and scattering 
reduces the amount of energy reaching 
the receiving transducer. 

An ultrasonic beam is propagated 
through a metal in essentially a straight 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22-1956. 

' Associate Physicist and Assistant Physicist, 
respectively, Metallurgy Div., Argonne National 
Laboratory, Lemont, III. 
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line. This characteristic of ultrasonic — 
waves is due to their short wavelength. 
As the wavelength becomes shorter and 
shorter the waves approach more closely | 
the ideal conditions of absolute recti- 
linear propagation. It is this property of _ 
straight line propagation which makes 
it possible to use ultrasonics for locating — 
defects since any inhomogeneity will 
cast a rather sharp shadow. 

Ultrasonic waves, in common with 
other forms of radiation, have the prop- 
erty of being reflected effectively by 
objects having dimensions less than. the 
wavelength of radiation. The higher the 
frequency the smaller the defect that 
can be located. However, in general, as 
the frequency is increased the penetra- 
tion of the beam is decreased and conse- 
quently a practical limit is set to the 
frequency that can be used successfully. 
The decreased penetration is due to the 
scattering of the waves by the a 
of the metal. This effect is particularly __ 
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large when the wavelength of the wave 
approaches the size of the grains in the 
metal. 
TESTING APPARATUS 
The apparatus developed for this 
testing work consists of an ultrasonic 
generator and receiver, a scanning as- 
sembly, and a recording system. 


Generator and Receiver-——The .ultra- 
sonic generator and receiver used in this 


work was a commercial Sperry Reflecto- 
scope. The instrument was modified so 
that (1) a separate sending and receiving 
transducer could be used; (2) the pulse 
repetition rate could be varied; and (3) 
a negative pulse could be taken from the 
pulse generator for keying the recording 
system. 

Scanning Assembly.—The scanner as- 
sembly consists of a rigidly supported 
track, a tank, transducer carriage, three 
drive motors, and two Selsyn motors. 
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Fic. 1.—Scanner Assembly. 


Figure 1 shows the scanner with the 
sheet metal side panels removed. 

The track consists of two rails: an 
inverted V shaped rail and a flat rail, 
The rails are 103 ft long and are 20 in, 
apart. The two rails are accurately 
aligned and rigidly supported on a welded 
steel framework. 

The tank is 10 ft long, 12 in. high, and 
14 in. wide and is made of No. 16 gage 
steel, spray coated with white Koroseal. 


This coating serves a two-fold purpose 
of protecting the tank from corrosion 
by the couplant and acts as a sound 
absorbing medium. Tap water is used as 
a couplant. After the water has been 
in the tank a few hours, no difficulty has 
been experienced with gases entrapped 
in the water. 

The transducer carriage is used to 
support and carry the two quartz crystal 
transducers along the sample being 
inspected. The transducer carriage is 
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one flat wheel. This insures that the 
transducers will move uniformly with 
respect to the specimen. The transducer 
carriage is moved along the rails by 
means of a chain drive, driven by a j-hp 
motor through a variable speed trans- 
mission. This motor is referred to as 


AND 


YRDING SYSTEM 


Adjustments in the position of the crys- 
tals can be made by means of set screws. 

To obtain the maximum sensitivity 
and resolution, the ultrasonic beam 
should have as small a cross-section as 
possible. This can be done in three ways 
—by using transducers having a small 
diameter, by masking, and by lenses. 


Fic. 2.—Transducer Assembly. 


the translational drive motor. A clutch 
arrangement is provided to disengage 
the drive motor for manual scanning. 
The drive chain also engages a Selsyn 
master motor. Microswitches for stop- 
ping and reversing the drive motor at 
the end of a scan may be set to any 
desired position along the track. 

The transducer assembly is a brass 
yoke designed to hold the two crystals 
in a rigid position with the faces of the 
transducers parallel, as shown in Fig. 2. 


The latter two methods have been used 
in the work reported here. 

Masking was done by covering the 
transmitting transducers with an ab- 
sorbing material such as linen impreg- 
nated with bakelite through which a 
hole had been drilled. The masks were 
made so that they could be slipped over 
the transducer and held firmly in place. 

The contact lens technique was also 
used in this work, employing plano- 
spherical or plano-cylindrical lens, the 
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plane side of ithe lens being fastened to 
the quartz transducer with wax. To 
minimize losses in transferring the ultra- 
sonic energy from the transducer to the 
lens, the lens material should have an 
acoustical impedance as nearly equal to 
that of the transducer as possible. Since 
aluminum and quartz have nearly the 
same impedance, lenses made from 
aluminum were used. Aluminum also has 
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a high acoustical refractive index when 
immersed in water (velocity of sound in 
aluminum divided by velocity of sound 
in water equals 3.5). The principles of 
physical optics carry over into the field 
of image formation with acoustic lenses. 
From the usual lens makers’ formula, 
the radius of curvature can be calculated 
for a given focal length. A focal spot 
diameter of less than jg in. was ob- 
served at 5 Mc using a 1-in. square 
transmitting crystal. The lens on the 
receiving transducer was made spheri- 


tive Paper Rec 


cally concave. For flat plate type speci- 
mens, masks have proven satisfactory. 
For cylindrical specimens, lenses have 
proven more satisfactory. 

In addition to the transducers, a 
fixed-speed motor for moving the trans- 
ducers up and down is mounted on the 
transducer carriage. The transducer 
assembly is connected to a sliding shaft 
which is in turn coupled to the elevating 


gear train. The vertical scanning rate can 
be changed by changing the elevating 
gear train. The amplitude of the vertical 
motion can also be changed by changing 
the gear train. A master Selsyn motor is 
also actuated by the vertical drive motor. 

The scanner assembly can be used to 
test either flat or cylindrical specimens. 
When cylindrical specimens are being 
tested, the specimen is placed in a special 
rack in the tank and rotated in the cou- 
plant by meansof achain drive driven by 
a third motor through a variable speed 


t 


a 

4 
| 

4 ¥ 

} 

be 

“Sere 


“¢ Yn ULTRASONIC SCANNING AND RECORDING SYSTEM 1419 


transmission. In this application, the 


transducer carriage moves the transducer 
past the rotating specimen at a fixed 
elevation. 

Recording System—The recording sys- 
tem consists of two parts: the electronic 
components and an_ electrosensitive 
paper recorder. The signal to be recorded 
is taken from the vertical amplifier of 
the Reflectoscope. The amplitude of this 
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Fic. 4.—Electrosensitive Paper Record. 


signal is a function of the ultrasonic 
transmission through the specimen—the 
better the transmission the greater the 
amplitude of this signal. 

The electrosensitive paper record gives 
a permanent two-dimensional record of 
the ultrasonic transmission through the 
specimen being inspected. The recorder 
(Fig. 3) uses a moist electrosensitive 
paper which passes between two elec- 
trodes. The darkening of the paper is a 
function of the current flowing between 
the electrode and the writing speed. The 
greater the current flow the greater the 


RE 


darkening of the paper. The faster the 
writing speed the greater the current 
needed for satisfactory recording. Areas 
of good transmission appear as dark areas 
on the electrosensitive paper record, 
while areas giving poorer transmission 
appear as lighter areas. The electro- 
sensitive paper must be moist for re- 
cording. The paper is sealed in plastic 
bags at the factory to retain moisture 
during storage. The paper is placed in a 
humidor in the recorder to prevent the 
paper from drying out while being used. 
Two kinds of electrosensitive papers 
have been employed, Alfax and Mufax.’ 

Two electrodes are used in the re- 
corder: a fixed electrode which is the 
positive electrode and a movable elec- 
trode which is the negative electrode. The 
positive electrode is made from a strip 
of stainless steel gy in. wide and equal to 
the width (or circumference) of the 
specimen being tested. The negative 
electrode is a cylindrical drum on which 
is wound a single turn of nichrome wire 
to form a helix. As the moving electrode 
revolves, the point of intersection be- 
tween the fixed electrode and the helix 
travels in a straight line always starting 
at the same edge of the paper and sweep- 
ing across it. By proper selection of the 
diameter of the recording helix, the 
width of the recording is equal to the 
width (or circumference) of the specimen. 

A slave Selsyn motor actuated by the 
master Selsyn connected to the trans- 
lational drive of the scanner is used to 
drive the paper feed in the recorder. The 
length of the recorder trace is equal to 
the length of the sample being scanned. 
The two Selsyn motors are connected in 
such a manner that, regardless of the 
direction of scanning, the recording paper 

2 Alfax paper is manufactured by the Alfax 
Paper and Engineering Co., Westboro, Mass. 


The Mufax paper is manufactured’ by 
Muirhead and Co., Ltd., Beckenham-Kent, 


England. 
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is always moving in the same direction. 
As mentioned previously, a master 
Selsyn motor is connected to the two 
drive motors which are used either to 
move the transducers vertically or to 
rotate the sample in the tank. These 
master Selsyn motors are connected to 


Fic. 5.—Electrosensitive Paper Record. 


the Selsyn motor which drives the 
recorder helix. A switch on the recorder 
permits the operator to select the proper 
master Selsyn. When scanning in the 
vertical direction, a cam, connected to 
the vertical drive motor actuates a 
microswitch arrangement so that the 
signal is applied to the recording helix 
only during the upward motion of the 
transducers. Figures 4 and 5 show typical 
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recorder traces and the kind of sensitivity 
obtainable with this recorder using 
artificial defects. The upper half of Fig. 
4 shows a stencil from which the letters 
ANL had been cut. The lower half of 
this same figure shows how the electro- 
sensitive paper recorder reproduced the 
contour of the letters. The encircled 
area in Fig. 5 shows the record produced 
by an artificial defect }-in. in diameter. 
Experiments have shown that the elec- 
trosensitive paper record accurately 
indicates the shape, size, and location of 
actual nonbond or defective areas. 

The electronic component of the 
recording system operates as follows: A 
negative keying pulse is taken from the 
synchronizer of the Reflectoscope. Be- 
cause of the pulse delay in the Reflecto- 
scope, the negative keying pulse precedes 
the pulse from the ultrasonic pulse gen- 
erator. The keying pulse activates a 
gating circuit so that the initial pulse 
(which carries no intelligence concerning 
the test specimen) is gated out from the 
recorder. The ultrasonic pulse trans- 
mitted through the specimen opens the 
electronic gate, which allows the in- 
telligence carried by the ultrasonic beam 
to be passed on to the recorder. It is 
necessary to rectify the signal before it 
is applied to the electrosensitive paper. 
A discriminator is provided so that 
noise and other extraneous signals may 
be rejected. A control is also provided 
which permits the operator to vary the 
contrast on the electrosensitive paper. 

In order to assure that the defects 
were not present in the core material, the 
billets used in making the core were also 
tested for pipe, porosity, and blowholes. 
Figure 6 shows a typical electrosensitive 
paper record made of a large flat casting. 
This casting was so large that it was 
necessary to cut the casting into sections 
for testing. The composite record shown 
in Fig. 6 was made from the individual 
records. The light areas represent poor 
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transmission, showing the presence of 
pipe, porosity, and blowholes, and the 
dark areas are areas of good transmission. 
In the testing a casting has been picked 
arbitrarily, after due destructive and 
nondestructive testing, as a standard 
casting, which is run periodically to 
check on the sensitivity and resolution 
of the equipment and to be sure that all 
the electronic components are working 
properly. 

of is possible to use the transmission 


technique not only to determine lack of 
bond but also to determine the relative 
degree of bonding of zirconium-clad 
specimens. By proper selection of the 
amplification and recording level, the 
relative darkening of the paper gives a 
relative measure of the bond strength 
(Fig. 7). 

Bond strengths were determined also 
by tension testing, as follows: Zirconium 
studs } in. in diameter and approximately 
1 in. in length were percussion welded to 
the specimen, as shown in the upper half 
of Fig. 7. The area around each stud was 


Fic. 7.—Zirconium-Clad Plate—Electrosensitive Paper Record and Percussion Welded Studs. 


machined through the cladding, leaving 
only the bonded area under the stud. The 
sample was then put in the tension test- 
ing machine and pulled. Comparison of 
the tension test with the relative darken- 
ing of the recorder trace gives a good cor- 
relation between bond strength and 
darkening of the paper. 


CONCLUSION 


The scanner and recorder described 
here have been successfully used for 


locating nonbonded areas in plate and 
cylindrical specimens. In a program 
for testing cylindrical type specimens, 
a translation speed of 8 in. per min 
and a rotational speed of 128 rpm was 
used. Unbonded areas of 0.03 sq in. or 
larger were found. In a program for 
plate type specimens, a linear scanning 
speed of 4 in. per min and vertical scan- 
ning speed of 480 in. per min was used. 
These scanning speeds give an overlap- 
ping of the vertical scans. At these scan- 
ning speeds, a pulse repetition rate of 120 
per sec has proven satisfactory. A fre- 
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quency of 5 Mc was used and the cross- 
section of the beam was #; in. Unbonded 
areas § in. in diameter or larger can be 
found using this technique. At slower 
scanning speeds and smaller cross-section 
beams, defective areas less than } in. in 


Mr. WILLIAM LorMAN.'—Have 
the authors that this appara- 
tus with proper modifications may be of 
value in determining the internal condi- 
tion of portland-cement mortars or con- 
crete test prisms? 

Mr. W. J. McGONNAGLE (author). 
All our work has been with metals. In the 
Metallurgy Division at Argonne Na- 
tional Laboratory we do not have much 
contact with concrete. The Argonne 
National Laboratory is a reactor de- 
velopment center and the only use for 
concrete around the laboratory is for 
shielding purposes. However, I know 
that work has been done using ultra- 
sonics to check the internal conditions of 
concrete. 

Mr. RicHarD A. PROEBSTLE.2—On 
the Zircalloy-II plate, can the width 
of the edge clad be detected? In other 
words with §-in. on the side of those 
Zircalloy-II plates would it be possible 
for the ultrasonic method to pick up the 
difference in density between the Zirc- 
alloy-IIT and the clad uranium? 

Also, what were the two dark lines on 
each record that you had of the uranium 
casting? There were two dark lines on 
each record. 

I would also like to know whether the 
entire subassembly can be tested. 

Mr. McGonnaGLe.—lIt is possible to 

‘Materials Division, U. S. Naval Civil 
Engineering, Research and Evaluation Labora- 
tory, Construction Battalion Center, Port 


Hueneme, Calif. 
* Aberdeen Proving Grounds, Aberdeen, Md. 
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diameter can be found. However, in an 
actual testing program a practical com- 
promise must be made between the time 
required for scanning a large number of 
specimens and sensitivity and resolution 
which can be achieved. 


DISCUSSION 


differentiate between the Zircalloy-II 
clad and the rest of the fuel element. We 
did not set the equipment up in this par- 
ticular case for locating the Zircalloy on 
the side of the specimen but it can be 
done. You have at your control let us 
call it “‘contrast sensitivity.” It is gen- 
erally true in any nondestructive test 
that it is best suited to detect one par- 
ticular thing under a certain set of con- 
ditions. In this particular case we were 
trying to detect lack of bonding and we 
set the equipment for maximum sensi- 
tivity for detecting lack of bond. 

When you go from the specimen which 
in this case was a fuel element into water 
couplant the transmission through the 
water is very much higher than through 
the metal. The specimen is set so that it 
is above the bottom of the tank on a jig. 
The transducers actually go over the 
edges some little distance. The two white 
lines you see are due to the water. 

The black lines are caused by a dull 
pen. The pen needs to be kept sharp. 
The paper, even though damp, will dull 
the pen. Sometimes the pens get a little 
flat spot on them and will cause a dark 
spot. The dark lines appear in every one 
of the figures and they occur at the same 
spot. 

In answer to the third part of the 
question, from our experience I would 
say no. From a sonic point of view ura- 
nium is a good absorber of ultrasonic 


energy. We have used 5 Mc in testing. If 
you have thin specimens of uranium you 
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can perhaps go up to frequencies of 10 
to 12 Mc. When testing a subassembly 
you get the loses at all the interfaces as 
well as the absorption in the material 
itself. You lose energy at every interface, 
so after several interfaces you have lost 
much of your energy and intelligence. If 
you found a defect in a subassembly 
using low frequency ultrasonics, there 
would be the problem of knowing in 
which component of the subassembly the 
defect occurred. One of the disadvantages 
of using the transmission technique is 
that one cannot locate exactly in depth 
where the flaw is. As far as we were 
concerned we were looking for lack of 
bonding and any specimen which had a 
lack of bonding was rejected. 

Mr. Leo Sorra.*—What does this do 


that other ultrasonic equipment thai is 
on the market does not do? 

Mr. McGonNAGLE.—Most ultrasonic 
equipment is set up for reflection type of 
work, but in thin samples you cannot 
use the reflection type of technique. You 
have to use a transmission type of tech- 
nique. 

However as a complete system it has 
some unique features. The attribute that 
is most outstanding is that we are pro- 
ducing a permanent two-dimensional 
picture right in front of your eyes, so to 
speak, without further developing or 
other processing. That is probably the 
outstanding virtue of this scanning and 
recording system. 


3 Northrop Aircraft Inc., Hawthorne, Calif. 
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INELASTIC DEFORMATION OF NYLON UNDER COMPRESSION 


By C. C. Hsrao! 


S¥NopsIs 

The effect of rate of straining on compressive stress-strain properties of 
nylon at room temperature has been studied. An inexpensive apparatus with 
a simple method for testing at moderate rates of straining has been used, and 
many interesting properties such as the transitional stress-strain behavior 
from elastic to inelastic, the variation of volume and the inelastic deformation 
as well as the recoverable ability of the material have been observed and re- 
ported. 

At constant strains, the effect of log of strain rate on loading is found to be 
linearly related within the range of rate of straining investigated. If this linear . 
relationship is extended, stress-strain properties at fairly low rates of straining 
can be extrapolated and long-time creep or relaxation characteristics of the 
material at high stress levels and large deformations may be derived. The 
possibility of describing the flow properties of the material by a family of 
equations is discussed. It seems that the mechanism of the flow behavior of 

nylon under compression may be interpreted by the Eyring molecular reaction 
rate theory. 


In recent years the simultaneous rapid One of a number of well-known linear 


growth of the plastics industry and the 
intensive applications of its various 
products has led to the importance of 
both theoretical and experimental in- 
vestigations on the mechanical properties 
of polymeric materials. Most of these 
materials are sensitive to temperature 
and time and this is particularly true of 
linear high polymers where the changes 
due to different rates of straining even 
at room temperature conditions are 
sufficiently significant to warrant careful 
investigation, (1, 2).? 

' Associate Professor, University of Minne- 
sota, Minneapolis, Minn. 

* The boldface numbers in parentheses refer 
of references appended to this paper, 
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polymers widely used in various applica- 
tions is nylon. Of this material, the 
temperature stability, high strength, and 
low coefficient of friction as well as the 
remarkable ability of recovery contribute 
to its service application. When used 
under high compressive loading, one of 
its useful applications, for instance, is 
the elastic stop nut in which the nylon 
collar prevents the nut from loosening. 

In order to explore the effect of vari- 
able rates of straining upon the com- 
pressive stress-strain properties, a com- 
mercial grade of nylon, type FM-10001, 
was studied. A series of simple compres- 
sion tests was carried out to large defor- 
mations at a constant room temperature. 
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A number of interesting results were 
observed and are reported in this paper. 
Along with this investigation, an attempt 
was also made to predict the long-time 
creep and relaxation behavior of the 
material from the test results. 


EXPERIMENTAL 


Apparatus, Specimen, and Test Proce- 
dure: 


All the tests were carried out with the 
use of a small Dillon tester in a constant 


NYLON UNDER COMPRESSION | 


§ in. diameter. All specimens were 


conditioned in a constant-temperature 
(77 + 2 F) and constant-humidity 
(SO + 2 per cent RH) room for many 
days prior to testing. 

In carrying out each test, the two 
knife edges of the m gage were secured 
to the specimen separately by elastic 
threads, at a desired gage length of about 
; in. A thin layer of petroleum jelly was 
applied to the two end surfaces of the 
cylindrical specimen before the com- 
pressive loading was applied. The two- 


Rotating Disk 
Resistance Wire 


contact Spring 


SR-4 Type K 


indicator 


To Measuring 
Gage Terminals 


To Compensating 
Gage Terminals of 


Portable Strain 


SR-4 Compressive Load 
Strain | 

Gages 


Compression 
Specimen 


Test. 


temperature and humidity room. The 
chief components of the control system 
for maintaining a constant strain rate 
throughout a test were a mw gage, a 
rotating disk with mounted resistance 
wire, and a strain indicator as described 
in a previous paper (2). Figure 1 illus- 
trates schematically the general experi- 
mental setup. 

As a result of several preliminary tests, 
a cylindrical specimen of ? in. by 3 in. 
diameter was selected. Specimens were 
machined from a commercial grade of 
molded nylon rod, type FM-10001, of 


od 


Fic. 1.—Schematic Diagram of the Experimental Setup for Constant Strain Rate in Compression 


wire resistance gages cemented on the 
mw gage and the resistance wire on the 
rotating disk were so connected to the 
strain indicator that the total resistance 
in the circuit was always kept constant 
for the duration of the test. When the 
resistance wire on the rotating disk was 
turned by a timing motor at a predeter- 
mined rate, the corresponding rate of 
strain change of the specimen was fol- 
lowed by manually applying sufficient 
compressive loading. Fairly accurate 
data such as load, time, and diameter 


of the specimen were simultaneously 
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recorded for the range of strain rate 
investigated. 


Test Results and Correlation: 


Simple compression tests of nylon 
were run on a number of specimens at 
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actual data of open circles. The crossed 
points are those experimental true stress 
points calculated at various strains, and 
the plot of this true stress-strain curve 
thus obtained is shown by the broken 
line. It will be noted that there is little 
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Fic. 2.—Compressive Stress-Strain Curves of Nylon at 11.9 X 10-* per sec Rate of Straining. 


a range of strain rate from 12 X 10-® 
per sec to approximately 712 X 10~* per 
sec. A detailed plot of a typical com- 
pressive stress-strain curve for a strain 
rate of about 12 X 10~-® per sec is shown 
in Fig. 2. There are three stress-strain 
curves plotted for this single test. The 
nominal stress-strain curve is represented 
by the solid line drawn through the 


difference between the nominal and the 
true stress until shortly before the 3 per 
cent first transitional strain change is 
reached, then the true stress falls in- 
creasingly below the nominal stress due 
to continued increase in cross-sectional 
area. However, there was no bulging 
observed within the gage length used 
until the specimen is strained to a value 
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4 in. 
of about 15 per cent. This effect of The inclined thin line extending out 
8 


bulging was observed by comparing the from the initial portion of the true stress- 
gage section of the specimen and a_ strain curve gives the constant ratio of 
highly polished flat surface. The change 

in its diameter was also measured from 0.18 


time to time. The accuracy of the meas- 
urement was within 0.001 in. 0.16 
If these instantaneous true stresses <= 
are kept and their corresponding longi- : 0.14 & 
tudinal strain values are calculated re N | 
from the measured transverse strain 2 gj)2 : 
data with the assumption that the vol- & 
ume of the material remains constant Ry. 
throughout the duration of test, then the rs Ry | 
true stress-strain curve following the = 008 OY 
solid circles can be obtained. This 
curve is not very much different from 3 Ly. 
the true stress-strain curve just de- & /, 
scribed. But the interesting information ¢ 
0.04 
here lies in the fact that the initial ¢ 
portion of this stress-strain curve does = 
not coincide with that of the other two 
for which the strain quantities are 
actually measured. This deviation may 004 006 008 ole 
be attributed to the volume change of Strain Recovered After Unloading, percent 
the material in its initial elastic region. Fic. 4.—Strain Recovery of Nylon. " 
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stress to strain which is ordinarily termed 
modulus of elasticity. The value of this 
modulus of elasticity of the material 
tested at 11.9 X 10~® per sec rate of 
straining is 4.8 X 10° psi. This value 
remains the same until about 6000 psi 
of stress is reached. Above this point, 
the tangent modulus gradually decreases 
from the value of elastic modulus. Fi- 
nally, beyond about 6 per cent strain 
change, the transitional behavior seems 


Compressive Strain, per cent 


Fic. 5.—Compressive True  Stress-Strain 
Curves of Nylon at Various Constant Rates of 
Straining. 


over, the tangent modulus becomes 
constant again. For the nominal stress- 
strain curve the value is 0.38 X 10° psi 
within the strain range from 6 per cent 
to 15 per cent. Beyond this upper limit 
of 15 per cent strain change, the speci- 
men bulges, which makes significant 
interpretation difficult. 

In order to show the variation of the 
lateral and longitudinal strain ratio of 
the material under compressive loading, 
the true stress-strain curve was re- 
plotted in Fig. 3. Corresponding to 
almost all the experimental points, 


values of the strain ratio are determined 
from direct measurements and are shown 
as solid dots. Within the elastic range of 
the material under a simple state of 
stressing, this linear lateral and longi- 
tudinal strain ratio is essentially a 
constant and is generally termed Pois- 
son’s ratio. Beyond the elastic range, 
this strain ratio varies gradually accord- 
ing to not only the volume change but 
also the physical dimensional change of 
the material. In order to determine 
whether the variation of the strain ratio 
is associated with the volume change of 
the material, a reference curve is given 
of the variation of the strain ratio for a 
constant volume. By considering a unit 
volume under compression, if ¢ is the 
longitudinal strain change and vy the 
ratio of the linear lateral strain and the 


linear longitudinal strain, then | 

(1 — e-)-(1 + ve)? = 1 
Thus the variation of the strain ratio, 
v, may be expressed in terms of the 
longitudinal strain change in the follow- 
ing manner: 


1 1 
y= | ——— 1 <i 
(= ) ( € ) 


Using the same scale as shown at the 
right-hand side of Fig. 3, the variation 
of the strain ratio as a function of longi- 
tudinal strain change is drawn as a thin 
line. Comparing with the measured 
strain ratio, it seems that a change in 
volume of the material occurred during 
testing. Since no bulging of the specimen 
was observed below 15 per cent strain 
change, it appears that the volume of 
the material first decreases as the stress 
increases and then increases as the 
stress is well over 12,000 psi. While 
there is little doubt that this interesting 
phenomenon is associated with the 
variation of the molecular structure of 
the material, there is no satisfactory 
explanation to account for the change. 


d 
at 
on 
it 
ol 
= 
4 
— 
5 
/ 
2 
' 
= 
4- 


1430 


Also shown in Fig. 3 are two thin 
inclined lines. One of the two lines 
indicates that the modulus of elasticity 
of the material tested at a constant 
strain rate of 11.9 XK 10-® per sec is 
about 4.8 X 10° psi. The other inclined 
thin line having a slope of about 5.0 X 
10° psi indicates that the modulus of 
elasticity increases slightly when the 
material is tested at a higher strain rate 
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tional behavior was believed to be over, 
It is interesting to note that below 3 
per cent strain change, the recovery is 
100 per cent. Above this point a perma- 
nent set of about 38 per cent of any 
additional strain change was recorded 
which means that the total recoverable 
strain change is 100 per cent X 3 per 
cent + 62 per cent of any additional 
strain change produced. This is true 


3136 


N @ © 


\\ 


e 
| 
en 
1176 | | | | 
/ percent | | 
| 
392 i. 
0000001 0.0000! 0.000! 0.00 


Strain Rote, per sec 
Fic. 6.—Effect of Rate of Straining on Compressive Load for Nylon at Various Constant Strains. 


of 712 X 10-® per sec. This effect will 
be described in greater detail later. 

In order to determine the ability of 
the material to recover, a fairly rapid 
cyclic loading and unloading test for a 
similar compression specimen was con- 
ducted (Fig. 4). A strain change was 
first produced under compressive loading 
in a few seconds and was then recovered 
either entirely or in part after rapid 
unloading until no appreciable amount 
of strain change was observed. This 
procedure was repeated until the transi- 


until the material reaches another 
transitional strain value of about 53 per 
cent. As they have occurred in the simple 
compression test, again, there are two 
transitional strains observed in this test. 
Are these transitions due to molecular 
flow or to structural changes of the 
material? Perhaps the study of this 
transitional behavior by means of 
proper physical measures will be of 
great value to the understanding of this 
interesting mechanism. 

The effect of rate of straining upon 
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the compressive true stress - strain prop- 
erties of this material can well be illus- 
trated by Fig. 5. In this figure a set of 
curves is plotted at four different values 
of strain rate ranging from 11.9 x 10-® 
per sec to 712 & 10-® per sec as indi- 
cated. The modulus of elasticity is seen 
to increase slightly with increase of 
strain rate. 

Under compressive loading, both the 
nominal and true stresses at any particu- 
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Fic. 7.—Compressive Load-Strain Curves of 
Nylon at Various Constant Rates of Straining. 


lar strain value increase with increase 
of strain rate. Data show that the in- 
crease of load is a linear one when 
plotted against log of strain rate as 
shown in Fig. 6. By extrapolation for 
a number of different strain quantities, 
load-strain curves at fairly low rates of 
straining can be constructed. These are 
shown in Fig. 7 in broken lines together 
with the four original tests run at moder- 
ate strain rates. From these curves, a 
replot_ of the reciprocal of strain rate 
against strain for any constant load 
values is possible. This is shown in Fig. 8. 
Then the shaded area, for example, in 
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this figure represents the time required 
for the material to reach a 10.45 per 
cent strain change under a constant 
load of 2600 lb, provided that similar 
size of specimen is used. Thus for any 
given values of strain, the area under 
these curves will then give corresponding 
values of time so that a derived creep 
curve for any constant load may be 


20 T T 


| 


Strain Rate’, 10° sec 


1e] 2 4 6 8 10 12 14 


Strain, percent 


Fic. 8.—Compressive Strain versus Recipro- 
cal of Compressive Strain Rate. 


plotted. Figure 9 shows several creep 
data thus derived for a load of 2600 Ib 
which are in fairly good agreement with 
the experimental curve. 

Similarly, in a slightly different man- 
ner, relaxation curves such as that in 
Fig. 10 can also be derived. However, 
no experimental verification was at- 
tempted. 

It should also be pointed out that 
this procedure did not seem to apply 
well if the strain change was small. But 
for large deformations, where the con- 
figurational elasticity may be insignifi- 
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Fic. 9.—Comparison of Derived and Experimental Creep Curves of Nylon. 
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Fic. 10,—Derived Relaxation Curve for Nylon. 
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cant, an approximate correlation as 
demonstrated before is possible. 


DiscUSSION 

The concept of the existence of a 
mechanical equation of state for solids 
has been studied for quite some time. It 
has been proposed (3, 4, 5, 6), under 
certain conditions and approximations, 
that stress, o, for plastic flow be con- 
sidered a function only of the instan- 
taneous values of plastic strain, e, strain 
rate, €, and temperature, T: ¢ = /(e, €, 
T). One of the assumptions is that prior 
strain history has no effect on the sub- 
sequent mechanical behavior of the solid. 
Another assumption is that time is not 
explicitly involved as a separate variable. 
li these conditions are met, then tensile 
or compressive creep and _ relaxation 
properties of the solid can be derived 
from simple tension or compression 
behavior under various constant rates 
of straining. The required procedure is 
simply to use the stress-strain data at 
varying strain rates to plot graphs of the 
reciprocal of strain rate versus the strain. 
For given values of strain, the area under 
these curves will then give values of time 
so that a derived creep strain-time curve 
can then be plotted. Similarly, a derived 
relaxation curve can also be obtained 
for any constant values of strain change. 

In order to see whether some such 
relation as the above would be a good 
approximation for plastic materials and 
whether the concept could be employed 
to predict creep and relaxation behaviors, 
an attempt was made to compare the 
derived compressive creep curve with 
experimental data. It seems that a fair 
agreement is obtained at high stress 
levels and large deformations. Unfortun- 
ately, sufficient experimental data are 
not available for a more conclusive com- 
parison. 


In general, it is difficult to prove the 


validity of the mechanical equation of 
state for solids, as structurally they are 
more or less discontinuous media. The 
variation in the structure of a material 
under any loading condition would tend 
to invalidate any attempted correlation. 
For the present case, however, the simple 
correlation seems good. It may be that 
for large deformations under compressive 
state of loading, nylon behaves more 
closely to that of an ideal plastic ma- 
terial. Perhaps, an even better correlation 
may be obtained if the effects of struc- 
tural orientation (7, 8, 9) as well as the 
factor of rate of stressing of the material 
can be taken into consideration. 

One important aspect of this consider- 
ation is that stress is an active quantity 
while strain and strain rate are passive. 
As a result of stressing, strain, e, rate 
of straining, €, and perhaps acceleration 
of straining, €, will occur and will govern 
both the flow properties and the struc- 
tural variations of the material. This is 
true for a material or a system of mole- 
cules subject to a constant stress, o. For 
many practical cases, usually the rate 
of stressing, «, and perhaps a varying 
rate of stressing, ¢, are involved. Under 
these conditions, it would seem necessary 
to take at least the stress rate, ¢, into 
consideration when a material is subject 
to stress. 

Despite the extremely complicated 
flow phenomena of solid high polymers 
under stress, some systematic analysis 
of the flow properties for nylon can be 
made empirically. Referring to the com- 
pressive stress-strain curves in Fig. 4, if 
log of strain rate is plotted against the 
compressive stress for constant values 
of the compressive strain as shown in 
Fig. 11, a linear relationship between 
the stress, 7, and log of strain rate, €, is 
realized. If again, we assume that this 
linear relationship can be extended 
indefinitely, we may represent this family 
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Fic. 11.—Effect of Rate of Straining on Compressive Stress for Nylon at Various Constant 
Strains. 
of straight lines in the following manner: — 
o = b; + m; loge 16000 
rve 
where 6; and m; are constants depending 14000 - 
upon the values of strain, «, and tem- 
perature, 7. This seems to have a proper 12000 —_ J 
physical significance if a molecular 9999 
theory of flow is considered. Py 
According to the Eyring molecular 8000 —}—__+__+__4—— 
reaction rate theory (10) the viscous flow 
process is essentially the consequence of 
the movement of a molecule or a seg- sent 
ment of a molecule from one equilibrium | 
position to another across a potential 2000 ttt) 
energy barrier. If £ is the value of the 


potential energy to be overcome, the 
frequency with which such steps occur 
under the influence of the thermal 
agitation is proportional to e “/“". When 
a stress, a, is applied to the system, owing 
to the modification of the energy barrier, 
the net rate of flow, €, becomes: 


_. & 
€ = sinh — 
RT 


where k and ¢ are constants associated 
with Planck’s constant, molar volume, 


1°) 2 4 6 8 10 12 14 
Strain, per cent 


Fic. 12.—b-e Curve. 


Avogadro’s number and molecular dis- 
tances. For solid polymers, relatively 
large forces may be applied and co may 
be very much greater than RT. Then 
_ the above flow equation may be reduced 
to: 


i 
4 
= 
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or 


E— RTInk RT 
o= + — Ine 
c Cc 


The remarkable resemblance between 


this theoretical equation and each of the 
family of experimental curves 


o = bile, T) + mile, T) log ar 
is clearly shown. The theory is derived 


according to the molecular movement of 
a medium at one structural state under 
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Fic. 13.—m-e Curve. 

stress. The experimental curves indicate 
that perhaps there exists a continuous 
variation of the structure undergoing, 
however, essentially the same mech- 
anism of molecular movement. Aside 
from the material constants, this flow 
mechanism is also dependent upon 
temperature and strain change. 

For the purpose of obtaining a general 
idea as to the relationship between b and 
€ as well as m and e for nylon, two indi- 
vidual curves are constructed from Fig. 
11. The b-e curve is determined by 
plotting the strain values against their 
corresponding intersections with the 
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Ja 


vertical line log € = 0. This curve is 
shown in Fig. 12. The m-e curve is con- 
structed by plotting against values of 
strain, e, the slope of each corresponding 
line. Figure 13 shows the general relation- 
ship between m and e. 

It might be of interest to point out 
that the b-e curve becomes an inclined 
straight line after the transitional behav- 
ior is over and the m-e curve tends 
eventually to level off. In other words, 
when the material is at its steady state 
of flow, 6 and « are linearly related at 
room temperature and m tends to be 
independent of «. Under these conditions, 
if the value of strain rate is not zero, 
then the family of equations may be 
reduced to the following simple form: 


o=a+t pet loge 


where a, 8 and y are constants. | 


CONCLUSION 


From the experimental results on the 
inelastic deformation of nylon by com- 
pression at constant temperature, a 
family of empirical stress-strain relation- 
ships are obtained to describe the mech- 
anical behavior of the material. The fact 
that each of the family of flow equations 
has essentially the same form as that 
given by the molecular. reaction rate 
theory is quite significant. It appears 
that, as a result of stressing, a continu- 
ous variation of the molecular structure 
of the material exists. However, beyond 
the transitional region, a steady state of 
flow may be present at high stress levels. 
An extension of this study within the 
general framework may reveal further 
valuable information regarding the visco- 
elastic behavior of polymeric solids. A 
natural outgrowth of the work would be 
in the investigation of the stress-strain 
laws at varying strain rates and tempera- 
tures as well as, perhaps, varying stress 
rates for polymeric materials. Of course, 
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a better understanding would result if 
the structural information of the material 
is simultaneously obtained with the 
stress-strain data. 
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A METHOD FOR MEASURING SURFACE FLAMMABILITY OF 
MATERIALS USING A RADIANT ENERGY SOURCE*:! 


By A. F. Ropertson,? D. Gross,? AND J. Lorrus? 


SYNOPSIS 


There has been a need for a relatively simple yet sufficiently severe and 
reproducible method for measuring the surface flame spread properties of 
materials. The present paper describes a test method which has been de- 
veloped to meet this need. The method employs a radiant heat source con- 
sisting of a 12 by 18-in. panel in front of which a 6 by 18-in. specimen of the 
material being tested is mounted. The specimen orientation is such that 
ignition is forced near the top and the flame front progresses downward. The 
rate of progress of the flame front together with a factor involving the rate of 
heat generation by the material under test are combined by means of an 
empirical relationship to provide a flame spread index for the material. It is 
demonstrated that the test method is relatively insensitive to changes in 
ambient variables and modifications in mechanical adjustment. The classifi- 
cation of materials with respect to flammability follows an order which 
appears to be consistent with information currently available on their behavior 


during fires. 


The rate with which an accidental 
fire will develop (in the absence of fire 
detection and fighting facilities) into a 
full fledged fire involving a whole build- 
ing depends primarily upon three major 
factors: (a) the flame spread properties 
of the interior finish, (6) the extent of 
compartmentation and degree of ven- 
tilation, (c) the fuel contributed by and 
the manner of distribution of the build- 
ing contents. It is only the first two of 
these over which the builder and ap- 
proving agency have some control. In 
spite of a number of full-scale burn-out 


* Presented at the Fifty-ninth Annual Meet- 
ing of the Society, June 17-22, 1956. 

' A brief announcement of the development 
of this method has been reported in Technical 
News Bulletin, Nat. Bureau Standards, Oct., 
1955. 

2 Fire Protection Section, Nat. Bureau Stand- 
urds, Washington, D. C. 


tests (1, 2, 3)* the complexity of the 
problem has prevented more than a 
rather crude appreciation of the relative 
importance of the factors governing 
growth and spread of fires and the most 
practical methods of their control. 
Because of this, rather arbitrary methods 
have been adopted for evaluating the 
flame spread properties of materials and 
for specifying the degree of compart- 
mentation desirable. The present dis- 
cussion will be confined to methods of 
measuring the flame spread properties 
of building materials. 

Test methods for evaluating this 
property have been developed and 
studied both at the National Bureau of 
Standards and at other laboratories 


3 The boldface numbers in parentheses refer 
to the list of references appended to this paper, 
p. 1453. 
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for many years. The Cocoanut Grove 
fire in 1942, however, was largely re- 
sponsible for the impetus in adoption by 
Underwriters’ Laboratories, of the tun- 
nel test,4 as the standard fire hazard 
test method used by their laboratory 
(4). The method developed appears to 
classify many materials in an order 
which empirical experience has shown 
to be desirable. The cost of ‘the test 
equipment, together with the size of 
the test specimens, however, have de- 
layed if not prevented its use by private 
manufacturers, testing, and government 
laboratories. Numerous test methods 
have been developed in which smaller 
test specimens are used. Examples of 
these include the flame resistance test 
method described in Federal Specifica- 
tion SS-A-118b,° the spread-of-flame 
test method of British Standard BS 
476,® and the inclined panel test de- 
scribed in Federal Specification TTP- 
26a.’ 

Federal Specification SS-A-118b was 
developed for evaluating certain com- 
bustible properties of acoustical tile 
but has frequently been proposed and 
used in the formulation of building 
codes. When used for this purpose it is a 
very severe test and classifies materials 
in only a qualitative fashion. The 
British test method was developed dur- 
ing the war as a result of their first- 
hand experience with fire. The method 
is deficient, however, in that it provides 


4 This test has also been incorporated as 
ASTM Tentative Method of Fire Hazard 
Classification of Building Materials (E 84 — 50 
T), 1955 Book of ASTM Standards, Part 4, p. 
1204. 

5 Federal Specification, Acoustical Units; 
Prefabricated, SS-A-118b, Aug., 1954, U. S. 
Government Printing Office. 

6“Fire Tests on Building Materials and 
Structures,”’ British Standard, No. BS 476, 
London 1953. 

7 Federal Specification, Paint Interior White 
and Tints, Fire Retardant, TT-P-26a, 13 Jan., 
1954, U. S. Government Printing Office. 
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too mild a test as indicated by recent 
studies made at the Fire Research Sta- 
tion (5). The inclined panel test, in- 
tended for evaluation of paint finishes, 
also utilizes a comparatively mild fire 
exposure of the specimen, and conse- 
quently it has not generally been con- 
sidered suitable for measuring the flame 
spread properties of materials. 

Because of these difficulties it ap- 
peared desirable to attempt develop- 
ment of a new flame spread test method 
which would involve use of only modest 
size specimens, be relatively compact 
and inexpensive to reproduce and use, 
and last but not least, would measure 
the flame spread behavior of materials 
in a manner consistent with their ob- 
served performance during fires. This 
paper presents a description of the test 
method developed together with test 
data on representative building mate- 
rials. Particular effort has been made 
to provide sufficient equipment design 
and calibration data to permit others to 
reproduce the test facility. 


PRIMARY CONSIDERATIONS 


During the flaming combustion of 
solids, the combustible gases which sus- 
tain the flaming are released from the 
solid as a result of heat received by the 
solid itself. This heat may be supplied 
by some external source, but in most 
cases where flaming occurs, it is largely 
supported by radiation from the flames 
and convection from the hot gases. The 
rate with which a flame can spread along 
the surface of a material with combus- 
tible content is thus largely determined 
by the rate with which its surface may 
be heated. The thermal properties and 
dimensions of the specimen as well as 
the size and character of the flames 
produced are therefore of considerable 
importance in determination of its flame 
spread behavior. 

The wavering or turbulent charac- 
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teristics of flames from a burning solid 
obscure the progress of volatilization of 
gases from the solid and consequently 
the spread of flame on its surface. In 
the past, it has therefore been considered 
desirable to use test specimens hav- 
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accurate observations of the progress 
of the flame front are possible when 
using much smaller sizes of test speci- 
mens. Under these conditions, the rate 
of spread of this flame front does not 
include the heating effect that the flam- 


Fic. 1.—Radiant Panel Flame Spread Test Equipment. 


ing at least one dimension large compared 
both to the length of the flames and to 
the fluctuation in flame length produced 
during burning. If, however, a controlled 
external source rather than flame radia- 
tion is used to supply heat to the non- 
flaming portion of the specimen, more 


ing portion would normally contribute 
to the unignited portion. It is desirable, 
therefore, to devise some method for 
measurement of the heating power of 
the flames and for its incorporation 
with the rate of spread of flame measure- 
ment. 
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7 ‘The apparatus to be described takes 


into consideration the factors mentioned 
above. The specimen is oriented in 
front of a radiant heat source in such a 
manner that ignition takes place at the 
top of the specimen and the flame front 
travels downward. Flames rise away 
from the unignited portions of the speci- 
men. Thermocouples placed in a stack 
above the upper end of the specimen 
furnish the necessary indication of the 
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Fic. 2.—Specimen Holder. 
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rate at which the flames would supply 
heat to unignited material under normal 
burning conditions. 


APPARATUS 


Figure 1 presents a view of the experi- 
mental apparatus developed for per- 
formance of this radiant panel flame 
spread test. The essential components 
shown here include the radiant panel 
with its associated air and gas supply 
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system, the specimen holder and frame- 
work for its support, the stack with 
thermocouples, the smoke sampling 
tube with its gas metering system, and 
the radiation pyrometer. Not shown are a 
manually operated potentiometer, a 
recording potentiometer, and a decimal 
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in a vertical plane. It was fed from the 
rear with a premixed gas-air supply, 
combustion of which was nearly com- 
pleted within its pores. After warm-up, 
the only visible flames from the panel 
surface were less than § in. in length. 
The panel approaches its equilibrium 
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Fic. 3.—Drawing of Test Equipment Showing Important Dimensions. 


minute timer. A brief description will 
be given of each of these components. 


Radiation Panel: 


The radiant panel consisted of a cast 
iron frame enclosing porous refractory 
material, the assembly being imported 
from England.’ The panel was mounted 


8 The appendix includes a list of components 
used and in cases of special requirements or 
limited availability suggests a possible source 
of supply. It is possible however that other 
sources of supply while unknown to the writers 
do exist. 


temperature in about one half hour after 
ignition. This particular panel was se- 
lected as being the only one available 
at the time which could operate at 
temperatures as high as 1500 F. It is 
quite possible that other types of burners 
or even electrical heaters would prove 
equally satisfactory. Electrically heated 
panels were not considered because of 
the power consumption which amounted 
to about 24 kw based on the total heat- 
ing value of the gas supplied for com- 
bustion. 
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Air was supplied to the panel by means 
of a small centrifugal blower fitted with 
an air filter to prevent dust from ob- 
structing the panel pores. Gas was pre- 
mixed with air in a Venturi mixer to 
which it was supplied at approximately 
atmospheric pressure. 


Specimen Holder: 


Figure 2 presents an assembly draw- 
ing of the specimen holder used for 
support of the 6 by 18-in. specimens 
consisting of a simple device formed of 
sheet steel. Although low-carbon steel 
was used in the initial holders, it would 


Asbestos \ 
Millboord 


Fic. 4. Detail of Thermocouple Mounting Arrangement. 


probably be preferable to use a heat 
resisting chromium steel in their fabrica- 
tion. Figure 3 presents general arrange- 
ment drawings of the radiant panel and 
support frame necessary for proper 
positioning of the specimen. An attempt 
has been made to show only those 
dimensions which should be maintained 
in reproduction of the equipment. The 
angle of the specimen and its position 
with respect to the panel were found to 
be critical and have been selected as a 
result of a series of tests. 

These drawings also show the position 
of the tip of the pilot burner tube which 


ROBERTSON, GROSS, AND LOFTUS | 


was used to force ignition, when this 
was possible, at the top of the specimen. 
This burner consists of a short length 
of 3'g in. outside diameter by ¢ in. inside 
diameter stainless steel tubing, the por- 
tion of which exposed to radiant energy 
from the panel was protected by an 
outer porcelain tube 3% in. in outside 
diameter by @} in. in inside diameter. 
It has been found necessary to replace 
this burner occasionally because of oxi- 
dation and residue deposits which collect 
on it. To cut down on the frequency of 
such replacement, the pilot has been 
arranged to swing out of position when 
not in use. 
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The pilot was fed with acetylene 
premixed with air supplied from the 
radiant panel air supply blower. Use 
of an aspirating type fitting might prove 
to be a more desirable method of supply- 
ing the necessary air. 


Stack and Thermocouples: 


Figure 3 shows the dimensions and 
position of the stack with respect to the 
specimen and radiant panel, as well as 
the location of the eight thermocouple 
junctions. These junctions were formed 
by fusing the end of a twisted pair of 
Chromel and Alumel wires of 0.020 in. 
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diameter. The junctions were supported 
in position by means of porcelain insu- 
lators as shown in Fig. 4. The group of 
eight thermocouples were of equal re- 
sistance and were connected in parallel, 
the output being recorded by an auto- 
matic potentiometer recorder. 


Smoke Sampling Device: 


The smoke sampling device, Fig. 5, 
consisted simply of a means for support 
of a single layer of glass fiber filter 
paper at a given position above the 
stack. An aspirator and rotameter were 
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Fic. 5.—Smoke Sampling Tube and Parts. 
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used to maintain a constant air flow 
velocity of 40 ft per min (20.4 cm per 
sec) at the face of the filter. The method 
of collecting and weighing the smoke 
deposit was used because of the usual 
difficulties experienced with sampling 
techniques and condensation problems 
experienced with optical methods of 
smoke measurement. 


Associated Equipment: 


A radiation pyrometer was used for 
standardization of the thermal output of 
the panel. The electrical output of this 
device was monitored by means of a 
portable manually operated potentiom- 
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eter. An automatic recording potentiom- 
eter was used for recording stack thermo- 
couple temperature variations. The 
instrument used had a range of 32 to 
932 F (0 to 500 C). A small timer 
calibrated in minutes and decimal 
fractions to hundredths was used for 
recording the time of occurrence of 
events during the tests. 


TEST PROCEDURE 


The procedure developed for per- 
formance of the flame spread test may be 
outlined as follows: 

(a) Gas passing through the radiant 
panel was ignited and the unit allowed 
to heat for a one half hour period. At 
the end of this time a check was made 
of the radiant output by means of the 
radiation pyrometer placed in such a 
manner as to view a central panel 
area of about 10 in. diameter. If neces- 
sary, adjustment was made in the rate of 
gas supply to maintain the radiant 
output at that which would be obtained 
from a black body of the same dimen- 
sions operating at a temperature of 
1238 F (670 C). 

(b) The recording potentiometer for 
measurement of stack thermocouple 
temperature rise was turned on and if 
necessary the thermocouples’ were 
cleaned by use of a brush. 

(c) A new filter disk was placed in the 
smoke sampling tube and the air flow 
rate adjusted. 

(d) The pilot was ignited, adjusted to 
provide a flame 2 or 3 in. in length, and 
placed in position in front of the radiant 
panel. 

(e) A 6 by 18 in. specimen previously 
conditioned to equilibrium with an 
ambient of 75 + 5 F and 50 + 5 per 
cent relative humidity was either (1) 
mounted in a cool specimen holder in 
the conditioning room and brought to 
the test equipment in a vapor barrier 
jacket, or (2) wrapped in a vapor barrier 
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jacket, brought to the test equipment, 
and quickly inserted in a cool specimen 
holder. In either case, all but the thickest 
specimens were backed with } in. thick 
asbestos millboard of 60 lb per cu ft 
density. 

(f) The smoke sampling tube was 
placed in position above the stack. 


1" + 
12" 


Fic. 6.—Distribution of Radiant Output of 
Panel in Terms of Radiation Pyrometer Output. 


Numbers in small circles represent percentages 
by which local radiant output deviates from 
average of central 10-in. circular area as indi- 
eated by millivolt output of radiation pyrom- 
eter. 


(g) The specimen in the test holder 
was placed in position on the radiant 
panel frame and the electrical timer 
simultaneously started. The exposure of 
the specimen took place as promptly 
as possible after bringing it to the test 
area. In most cases this was accom- 
plished within 3 min. In no case were 
conditioned specimens allowed to stand 
in the test room for more than 5 min 
prior to test. 

(h) Observations were continuously 
made of the development and spread of 


flaming on the specimen. Records were 
kept of the time of arrival of the flame 
front at points 2, 3, 6, 9, 12, 15, and 18 
in. from the upper edge of the specimen. 
Notes were made of any other specimen 
behavior characteristics which appeared 
of interest. 

(i) The test exposure was considered 
as completed when either (1) the flame 
front had progressed the full length of 
the specimen, or (2) the test exposure 
period of 15 min had elapsed. The speci- 
men holder was then removed from the 
supporting frame and the specimen dis- 
carded. 

(j) Measurements of the increase in 
weight of the smoke sampling filter paper 
disk and the maximum temperature rise 
of the stack thermocouples were re- 
corded. 

(k) The flame spread index, J,, of a 
sample was calculated as the product of 
the flame spread factor, F,, and the heat 
evolution factor, Q, thus: 


I, = 
where: 
1 
bh 
le hs — be 
here: 
ee tis correspond to the times in 


minutes from specimen exposure until 
arrival of the flame front at a position 
15 in., respectively, along 
the length of the specimen. 


= 0.140/8. 
here: 


0.1 is a constant arbitrarily chosen 
to yield a flame spread index of approxi- 
mately 100 for red oak, A@ is the observed 
maximum stack thermocouple tempera- 
ture rise in degree Fahrenheit over that 
observed with an asbestos cement board 
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specimen, and @ is the maximum stack 
thermocouple temperature rise for unit 
heat input rate to the calibration burner, 
deg Fahr min per Btu. 


CALIBRATION PROCEDURES 


The calibration procedures used dur- 
ing development of the test method 
were of two different types. First, cer- 
tain procedures were found to be neces- 
sary for standardization of the test 
method to permit reproducibility of test 
results. These will be designated as 
“standardization procedures.” Secondly, 
a series of tests was performed in an 
effort to determine the sensitivity of the 
test method to small changes in orien- 
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Fic. 7.—Typical Stack Thermocouple Calibra- 
tion Curve. 


tation or assembly of the test equip- 
ment. These studies are described under 
“procedural variations.” 


Standardization Procedures: 


The radiant output of the panel was 
monitored continuously between tests by 
means of the radiation pyrometer. 
Adjustments in gas flow rate were 
frequently and easily made. As _pre- 
viously mentioned, this radiant output 
rate, per unit area, was maintained at 
that of a black body radiating at a 
temperature of 1238 F (670 C). Figure 6 
shows the variation of radiant output in 


terms of radiation pyrometer output 
voltage for the panel used. In making the 
survey, the pyrometer was located in a 
position to view a panel area of about 1- 
in. diameter. 

The smoke sampling tube and asso- 
ciated connections were checked peri- 
odically by use of an impermeable dia- 
phragm in place of the filter disk. Any 
flow that could be measured with the 
inlet thus blocked was a sure indication 
of leaks. On several occasions leaks were 
detected. Such leaks are serious, as the 
filter resistance to gas flow is not negli- 
gible and leaks would therefore result 
in low recorded smoke weight. 

Periodic checks were made of the 
temperature rise produced by placing 
an asbestos-cement board specimen in 
position while both the radiant panel 
and pilot burner were in operation. 

No test method was devised to check 
for objectional deposits of combustion 
products on the thermocouples other 
than periodic inspection. For most 
cellulosic materials tested, it was found 
that inspection and brush cleaning of 
the thermocouples was desirable at 
least once every two weeks of operation 
for eight hours a day. When testing 
hardboard specimens as well as plastics, 
the smoke production rate required 
much more frequent attention to this 
detail. 

Calibration of the stack thermocouples 
was performed by means of a diffusion 
flame from a multi-ported burner. 
This burner (ten 0.070 in. in diameter 
holes spaced 3 in. on centers in a }-in. 
standard pipe) was placed in a horizon- 
tal position 1 in. below the upper edge 
of an asbestos-cement board specimen 
during normal panel operation. From 
observations of the maximum stack 
thermocouple temperature rise as a 
function of heat supply rate to the test 
burner the value of 8 in the flame spread 
index formula was measured. For the 
equipment used here, 8 was found to be 
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equal to 0.90 deg Fahr min per Btu. 
Figure 7 presents a plot of data obtained. 
There was no indication that this meas- 
urement required frequent checking. 
One other calibration was performed 
to provide an indication of the heat in- 
put rates at the specimen surface. This 
involved radiometer measurements at 
various positions along the specimen 
length. The measurement was made by 
the use of a small copper disk radiome- 
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Procedural Variations: 


A number of tests were performed for 
the purpose of determining the extent 
to which design features of the equip- 
ment were critical. 

The position of the specimen relative 
to the radiating face of the panel was 
found to be critical. This position deter- 
mines the energy flux at the specimen 
surface. While measurements were not 
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Energy Flux, Watts per sq cm 
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Fic. 8.—Energy Flux per Unit Area Incident at Specimen Surface. 


ter fitted in one opening at a time of a 


series of apertures on an asbestos mill- 
board specimen. The radiant panel was 
in operation, but the pilot was not 
burning during these measurements. 
Figure 8 presents a calibration curve 
obtained in this way. It should be noted 
that the energy flux measured and 
indicated here was the sum of both the 
radiant flux and that arising from con- 
vection effects. 


9 12 15 18 


made on the effects of changes in posi- 
tioning, it appears likely that the dimen- 
sions indicated in Fig. 3 should be main- 
tained to a tolerance of less than } in. 

The technique used for calibration of 
stack thermocouples was selected to 
reduce the effects of slight differences in 
design or positioning of the parts of the 
apparatus. Figure 9 presents data on the 
effect of stack position on thermocouple 
temperature rise for both a_ typical 
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specimen (fiberboard No. 8) and the 
calibration burner. It is evident from 
the plot of the temperature rise versus 
horizontal clearance for this specimen 
that exact maintenance of the 2-in. 
spacing is not required during test. 
Although this behavior of fiberboard 
is typical of all materials tested, the 
same insensitivity is not observed when 
the calibration burner is used as a heat 
source. This probably results from dif- 
ferences which exist in the manner of 
heat release in the two cases. Because 
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most not more than 3 in. from the sur- 


face of the specimen. 

Conditioning of the specimen prior 
to test was important as evidenced by 
data obtained for fiberboard specimen 
No. 8. Flame spread index values of 
353, 236, and 156 were measured for 
specimens conditioned to have 1, 7, 
and 12 per cent of moisture by weight, 
respectively. These moisture equilibrium 
contents correspond to widely different 
ambient relative humidity conditions. 
Because of this and the shape of the 
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of the effect of the spacing on the value of 
8, it is important to maintain the correct 
stack position during calibration. 
Changes in vertical position of the 
stack and their effect on thermocouple 
temperature rise measured during test 
of specimens were not investigated. 
It is expected however that the data 
would be quite similar to that shown 
in Fig. 9 for the calibration burner. 
The importance of position of the 
pilot flame was studied. It was found 
that the size of this flame and its posi- 
tion with respect to the face of the speci- 
men were not critical as long as the 
flame remained in contact with or at 


Clearance Between Stack and Panel, in. 
Fic. 9.—Effect of Position of Stack on Thermocouple Temperature Rise. 


TABLE I.—EFFECT OF EXHAUST 

DRAFT CONDITION ON FLAME SPREAD 
INDEX RESULTS. 


Flame Spread 
Index* 
Specimen Material = 
Fan Fan 
On® 
Ne. 26. .... Fiberboard A 278 
No. 23..... Hardboard Common |114 /|116 
M 
, Fiberboard C 61 85 
No. 26..... Gypsum Board G 4.7| 4.6 


@ Average flame spread index for two speci- 
ments. All tests run on same day. 

+ Differences between these test results and 
the data shown in Table II result from the 
limited number of samples tested and from 


variations between samples. 
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moisture equilibrium versus relative 
humidity curve for materials such as 
these, the effect of small changes from 
the standard conditioning temperature 
and humidity would not be expected to 
result in flame spread index changes 
proportional to those indicated above. 

A study was made on the effect of 
variations in draft conditions on the 
measured flame spread index. Most of 
the test results reported in this paper 
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spread index calculation, the test results 
are very similar for the two test condi- 
tions. Even when the results are not 
corrected for change of thermocouple 
calibration, the flame spread indices 
became 256, 105, 77, and 4.2—a change 
of only about 10 per cent. 

The apparent contradiction to this 
generalization, presented by the data 
for specimen No. 21, is believed to have 
been caused by nonuniformity of the 
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Fic. 10.—Progress of Flame Along Specimen Length for Several Materials. 
Numbers correspond with specimen number in Table II. 


were obtained while the furnace was 
operating under a 2 by 4-ft hood, the 
exhaust blower of which was in opera- 
tion. The air flow rate was over 600 cu 
ft per min through this hood. Table I 
presents average flame spread index 
data from tests of two specimens of 
each of four different materials. These 
tests were performed both with and with- 
out operation of the exhaust fan. It will 
be observed that when proper calibra- 
tion has been made and used in flame 


specimens and the limited number of 
samples tested. 


DISCUSSION 


The test method has been used to 
measure the flame spread properties of 
more than 60 different materials. Data 
on the behavior of 29 of these are in- 
cluded in Table II. The materials are 
listed in order of decreasing flame spread 
index. The constant in the flame spread 
index relation was arbitrarily chosen to 
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yield a value of approximately 100 for 
red oak. Included in this table are data 
on all materials thus far studied for 
which Underwriter tunnel test data were 
available as a result of tests performed 
on samples from the same material 
batch. The flame front progression along 
the surfaces of various specimens is 
shown in Fig. 10. The numbers on the 
curves correspond to specimens de- 
scribed in Table II. 


300 


of the three polyester plastic materials 


were only about one half the classifica- 
tion figures assigned on the basis of 
tunnel tests. Specimen No. 32 (plastic 
A) did not exhibit sustained flaming and 
only periodic flashes were observed in 
the gases leaving the specimen. A num- 
ber of the materials were tested by the 
horizontal panel test described in Fed- 
eral Specification SS-A-118b with the 
results given in Table II. It is evident 
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@ All Others 
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Underwriters’ Laboratories Flame Spread Factor 
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Flame Spread index 
Fic. 11.—Comparative Data from Two Different Flame-Spread Test Methods. 


Brief study of the data presented indi- 
cates that the method selected for cal- 
culation of the flame spread index re- 
sults in a numerical grading of specimens 
which is in general accord with experi- 
ence. Furthermore, for flame spread in- 
dex data above about seven and with the 
exception of data for plastic materials, 
there appears to be a fair degree of cor- 
relation between the classification of 
materials by both the radiant panel and 
tunnel test methods (Fig. 11). The flame 
spread index values resulting from tests 


that this method of test does not meas- 
ure the same surface flame spread prop- 
erty as measured by the radiant panel 
or tunnel test methods. 

Experimental results of tests by the 
British Spread-of-Flame Test are not 
available on the materials in Table II. 
However, Hird and Fischl (5) present 
the results of a study of flash-over times 
observed during a series of tests with 
model rooms which were finished with a 
wide variety of materials some of them 
apparently similar to those tested here. 
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and yet with the varying types of sur- 
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These latter have been listed in Table 
II. It will be observed that the order 
in which the materials are classified is 
similar to that achieved with the radiant 
panel test method. The model test 
method however appears to show little 
difference in unfinished  fiberboards 
whereas the method of interpretation of 
the radiant panel and tunnel results 
shows flame spread indices varying from 
121 to 336. 

The flaming behavior of the specimens 
might be selected as an indication of 
low, intermediate and high flame spread 


TABLE III.—REPRODUCIBILITY OF 
TEST DATA. 


Tests on | Tests of a 
One Day —— 
Specimen Material See 
8 
bases 
Z \o 
No. 24..... Red Oak 5 |10.9 
Red Oak? 19 
No. 23..... Hardboard 6 | 6.9 
Me: Fiberboard 8 | 8.8 
Fiberboard 8 | 5.1|9]| 5.0 


@ Includes data on samples covering a density 
range of 30.7 to 46.9 lb per cu ft. 


characteristics. Thus specimens with a 
flame spread index of less than four, 
rarely exhibited sustained surface flam- 
ing. In the index range of 4 to 140 sus- 
tained flaming usually occurred only 
over a portion of the specimen. For 
flame spread indices above 140 flaming 
occurred over the full specimen length 
during the 15 min test period. 

The flame spread characteristics meas- 
ured are only those of the exposed sur- 
face of the specimen. Evidence of this is 
provided by Specimens 8, 13, 9, 12, 11, 
14, and 15 which all incorporate essen- 
tially the same }-in. fiberboard backing 


face treatment exhibit flame spread 
index values ranging from 244 down to 
1.2. This should provide ample evidence 
that consideration should be given to 
the maintenance of an unbroken pro- 
tective surface on the material when 
used as finish material. In cases where 
materials of this type are used for appli- 
cation directly to studs or over other 
enclosed open spaces it appears highly 
desirable that both surfaces be treated 
in the same fashion. In cases such as 
this, Underwriters’ Laboratories handles 
the problem by specifying that the classi- 
fication assigned is only applicable when 
the finish is applied over a solid backing. 

Some appreciation of the reproduci- 
bility of the test method may be de 
rived from the data presented in Table 
III. Here, v, the coefficient of variation 
(the standard deviation expressed as a 
percentage of the mean value of the flame 
spread index) is shown for four different 
materials. The value of v has been com- 
puted from the individual values of the 
flame spread index for the replicate 
tests performed. It will be noticed that 
v for specimen No. 8 is very nearly 
of the same magnitude for a series of 
tests performed on a single day as 
compared to the value for tests run 
over a period of time, in this case 120 
days. Thus the major portion of the 
variability of test data appears to be a 
result of variations, either between speci- 
mens, or in the test method itself within 
a single day. Over the flame spread 
index range of 121 to 278 represented by 
Specimens Nos. 8, 23, and 28, the coeffi- 
cient of variation is within the range 
5.0 to 8.8 per cent. It thus appears to be 
relatively independent of the flame 
spread index for such materials. The 
value of » = 18.5 per cent for red oak 
specimens which were selected to cover a 
range of densities appears to indicate 
the increase in variability of the samples 
themselves. 


The data saasien n for both calibration 
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burner and fiberboard specimen in 
Fig. 9 make it quite clear that the 
calibration method used should not be 
considered as providing an absolute 
calibration of heat output rates of mate- 
tials. The refinements necessary to 
achieve this objective were considered 
inappropriate for the application in- 
tended. 

Smoke measurements are also re- 
ported in Table II. These are reported 
as milligrams of smoke deposit for the 
volume flow rate maintained during the 
period of test. The results are also pre- 
sented on a relative basis using a value of 
100 for red oak which is the standard 
used by Underwriters’ Laboratories. 
There appears to be a general correla- 
tion although big differences are ob- 
served in several instances. For mate- 
rials exhibiting low flame index data, 
it appears that higher observed smoke 
release rates are obtained with the 
radiant panel test method than with 


- the tunnel test method. 


The test method described appears 
to present a simple reproducible method 
of measuring the flame spread behavior 
of building finish materials. The method 
of presentation of test results was ar- 


bitrarily selected to yield classification 


numbers somewhat similar to those re- 


ROBERTSON, GROSS, AND LOFTUS 


ported by Underwriters’ Laboratories 
on the basis of tunnel tests. Because 
of the lack of quantitative data on, 
and the intangible nature of, the flan 
mable “hazard” of materials, it is not at 
present possible to define the exact 
relation which exists between flame 
spread index and the actual hazard of 
the material. 


CONCLUSIONS 


The following conclusions seem justi- 
fied on the basis of the work reported: 

1. A flame spread test method has 
been devised for measuring the flam- 
mability characteristics of interior finish 
materials. 

2. The test method involves the use 
of comparatively inexpensive and com- 
pact test equipment and requires test 
specimens of but 6 by 18 in. size. 

3. A method for expression of test 
results has been devised which appears 
to classify materials in an order similar 
to that indicated as desirable from ex- 
perience with such finish materials. 

4. With some exceptions there ap- 
pears to be a fair correlation between 
the flame spread results as obtained by 
the radiant panel and the tunnel test 
method over the flame spread index 
range of 10 to 280. 


APPENDIX 


List of components used with a possible 
source of supply for those of special require- 
ments or limited availability. 

1. Radiant panel—i2 by 18 in. type 1 
surface combustor, manufactured by Radi- 
ant Heating Ltd., Barnsbury Park, London 
N. 1, England. 

2. Radiation pyrometer—Suitable for 
viewing circular area of ten inch diameter at 
a range of about 4 ft and calibrated over 
black body temperature range of 0 to 1900 F. 


3. Glass fiber paper—Type 1106BH All- 
Glass Filter Media, distributed by Mine 
Safety Appliances Co., 201 N. Braddock 
Ave., Pittsburgh 8, Pa. 

4. Potentiometer recorder—Range: 0 to 
1000 F. 

5. Portable potentiometer—Provided with 
millivolt range corresponding to 0 to 1900 F 
for use with radiation pyrometer. 

6. Flowmeter—Capacity: 7000 ml air per 
min. 
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Since preparing this paper, the following modifications or precautions in use of this test 


method have appeared desirable: 


1. Translucent materials were backed 
with a sheet of highly reflective aluminum 
foil. This was done for the purpose of stand- 
ardizing the testing procedure for such ma- 
terials. 

2. No attempt has been made to measure 
flame spread behavior of materials having 
surface corrugations of greater than 3 in. 
depth. 

3. While statements in the text relative 
to the lack of sensitivity of the test method 
to draft conditions above the stack appear 
justified as far as flame spread index is con- 
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cerned this does not appear to hold for the 
smoke measurement. It seems desirable to 
have sufficient draft to produce average gas 
velocities at the outlet of the stack of 100 
ft per min with the panel cold. This cor- 
responds with about 250 ft per min with the 
panel in operation. Any hood used to produce 
these draft conditions should clear the top 
and sides of the stack by a minimum of 10 
and 7} in., respectively. 

4. The glass filter disks used appear to 
have a small but significant equilibrium 
moisture content. This should be accounted 
for in reporting smoke measurements. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON 
EXCHANGE AND CHROMATOGRAPHY IN 
ANALYTICAL CHEMISTRY 


- A series of annual symposia is planned on timely subjects of importance to 
ASTM members concerned with analysis of materials, to acquaint them with 
~new methods, techniques, etc., which are actually or potentially capable of 
use in standard methods of analysis. This Symposium on Ion-Exchange and 
Chromatography in Analytical Chemistry is the first in the series, and it is 
intended to present a picture of the materials available, or under develop- 
ment, for ion-exchange and chromatography, the basic theory of their use, 
and examples of their application for separation and analysis of materials, 
primary metals, though it includes valuable data concerning other materials. 
The papers and discussions of this Symposium were presented at the 
fourth session of the Fifty-ninth Annual Meeting of the American Society 
for Testing Materials, held in Atlantic City, N. J., June 18, 1956. It was 
sponsored by ASTM Committee E-3 on Chemical Analysis of Metals, and 
Division G of this Committee constituted the Symposium Committee with 
H. F. Beeghly of Jones & Laughlin Corp., Pittsburgh, Pa. acting as Sym- | 
posium Chairman. 
The papers included in the Symposium are: 


The Use of Ion-Exchange Resins in Analytical Chemistry—Robert Kunin 
The Use of Ion-Exchange Techniques in Analytical Chemistry and Radiochem- : 
istry —J. E. Hudgens 

Anion-Exchange in Metal Separations—Kurt Kraus 

Ion-Exchange in the Analysis of Metals—John L. Hague 
These papers with discussions were issued as ASTM Special Technical 
Publication No. 195, entitled “Symposium on Ion-Exchange and Chro-— 
matography in Analytical Chemistry.” _ 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM — 
ON pH MEASUREMENT _ 


This Symposium on pH Measurement was sponsored by Subcommittee 
22 on Hydrogen Ion Determinations of Committee E-1 on Methods of 
Testing and presented at the Sixth and Tenth Sessions of the Fifty-ninth 
Annual Meeting of the American Society for Testing Materials held in 
Atlantic City, N. J., June 19, 1956. The plans and arrangements for this 
Symposium were made by a committee composed of Roger G. Bates, Na- 
tional Bureau of Standards, Washington, D. C., Clinton Grove Central 
Commercial Co., Northfield, Ill., G. A. Perley, Leeds & Northrup, Phila- 
delphia, Pa., and E. B. Ashcraft, chairman of Subcommittee 22, Westing- 
house Research Laboratories, Westinghouse Electric Corp., East Pitts- 
burgh, Pa. Mr. Bates acted as chairman of the Sixth Session at the Meeting 
and Robert Burns, National Research Council, Washington, D. C. was 
chairman of the Tenth Session. 

In the ten years that have elapsed since the first Symposium on pH Meas- 
urement was held (STP 73, 1946), significant developments in pH instru- 
mentation and technology have been made. Agreement on standard pH 
methods is gradually being achieved as a single conventional standard scale 
comes slowly into general use throughout the world. Techniques have been 
devised for the accurate measurement of pH under specialized conditions 
of unusual difficulty, and much thought has been given to the precise role of 
pH in reactions of interest to the analytical and physical chemist. The in- 
creased laboratory and industrial importance of nonaqueous and partially 
aqueous solvents has stimulated the search for functions that will give a 
useful indication of the level of acidity and basicity in these media. It is 
the purpose of this second Symposium on pH Measurement to consider 
these new developments and to clarify the problems they have created. 

The Symposium includes the following papers: 


Foreword—E. B. Ashcraft 
Meaning and Standardization of pH Measurements—Roger G. Bates 
Performance Studies of Reference Electrodes and Their Components at High 
Temperatures and Pressures—John E. Leonard 
7 Modern Developments i in pH Instrumentation—W. R. Clark and G. A. Perley 
_ Problems in Measurement of the pH Measurement in Analytical Chemistry— 
Julius Sendroy, Jr. 
Quantitative Applications of pH of Blood and Other Biological Fluids—Henry 
Freiser 
Theoretical and Practical Problems in the Measurement of Acidity in Non- 
aqueous Media—Martin Kilpatrick 
Indicator Acidity Functions for Nonaqueous and Mixed Solvents—M. A. Paul 
and F. A. Long 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 190 entitled ns on pH Measurement.” 


6 
Ay ‘ 
= 
= i 
| 
f 
= 
> 
4 
5" 
¢ a 
» 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON> 

TENSION TESTING OF NON-METALLIC MATERIALS) © 

Among the non-metallic materials there is such a diversity of structures 
and properties that a variety of methods for measuring tensile properties 
has evolved. New technical tools, new materials, and new understanding of 
the structure of materials has brought a more meaningful interpretation of 
results. At the same time these new concepts have contributed greatly to the 
terminology and nomenclature of tension testing. 

The papers and discussions in this Symposium on Tension Testing of 
Non-Metallic Materials were presented at the Eighteenth Session of the 
Fifty-ninth Annual Meeting of the American Society for Testing Materials 
held in Atlantic City, N. J., June 20, 1956. This Symposium was sponsored 
by Subcommittee IV on Tension Testing of Committee E-1 on Methods of 
_ Testing. A. C. Webber of E. I. duPont de Nemours and Co., Inc., Wilming- 
ton, Del., organized the Symposium and | presided over the session. 

The papers presented were: BS 


Introduction—A. C. Webber 

Tension Test Methods for Wood, Wood-Base Materials and Sandwich Con- 
structions—L. J. Markwardt and W. G. Youngquist 

Tension Testing of Plastics—Frank W. Reinhart 

Tensile Load-Deformation Testing of Textile Structures—Stanley Backer 

Tension Testing of Adhesives—A. G. H. Dietz 

Tension Testing of Rubber—H. Tangenberg 

Present Practices in Tensile Strength Testing of Paper in Industry—John 
Fachet and F.T. P. Plimpton, Jr. 

Summary—A. C. Webber 


These papers with discussions with the exception of the paper by Backer, 
which was not available, were issued as ASTM Special Technical Publica- 
tion No. 194 entitled, “Symposium on Tension Testing of Non-Metallic 
Materials.” 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM | 
ON STEAM QUALITY 


The introduction of higher pressures and higher steam temperatures in 

_ boilers resulted in the vaporization of dissolved solids in the boiler water. 

Consequently the need for more sensitive and accurate measuring techniques 

became apparent. This Symposium on Steam Quality reviews the present 

_ practices and introduces new techniques for determining minute amounts of 

solid impurities in steam. It also points up the need for further experimenta- 

tion in the laboratory and in the field in order to compare the various meth- 
ods of analysis. 

The papers and discussions in this Symposium were presented at the 
Twenty-sixth Session of the Fifty-ninth Annual Meeting of the American 
Society for Testing Materials, held in Atlantic City, N. J., June 21, 1956, It 
was sponsored by the Joint Research Committee on Boiler Feed-water 
Studies, with M. D. Baker of West Penn Power Co., Springdale, Pa. acting 
as Symposium chairman and chairman of the technical session. 

The papers included in the Symposium are: 


Introduction—M. D. Baker 
Measurement and Purification of Steam to 0.01 ppm Total Dissolved Solids— 

W. B. Gurney 
Steam Purity Determination by Tracer Techniques 


E. E. Coulter and T. M. 


Campbell, Jr 
Comments on Corrections to Steam Conductivity Measurements—R. 0 
Parker and R. J. Ziobro 7 
Construction and Operation of Larson-Lane Steam Purity and Condensate — 
Analyzers—A. B. Sisson, F. G. Straub, and R. W. Lane 


These papers with discussions were issued as ASTM Special Technical — 
Publication No. 192, entitled “Symposium on Steam Quality.” 


t 
= 
| 
- 
4 = 
& 
+ 
= 
€ 
6 
et@= “3 
ure 1457 
— 


SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON CORONA 


The deleterious effects of corona on organic electrical insulation have been 
known for years, and considerable research and investigational work has 
been done by manufacturers and users of organic materials to evaluate their 
stability in applications where operating voltage gradients approach ionizing 
levels. However, no common or standard methods of corona detection and 
evaluation of the corona resistance of insulating materials exist and none 
have appeared in the literature. 

Recognizing the need for standard methods of corona detection and ma- 
terials evaluation, ASTM Committee D-9 on Electrical Insulating Materials 
in 1954 organized Section L on Corona, for this purpose. This section im- 
mediately launched a program having the following tentative scope: (1) 
to devise methods to determine the presence of voids in dielectrics which 
may be ionized under high voltage gradients; and (2) to devise test methods 
to differentiate relatively among electrical insulating materials with regard 
to their ability to resist the action of corona and its by-products. 

One of the first steps was to organize a symposium on this subject, which 
was held in November 1955 during the Committee D-9 meeting in Cincin- 
nati, Ohio, with the general purpose of having presented the present test 
methods and results obtained. 

Six of the papers presented, with discussion, are included in this publica- 
tion: 


Introduction—E. B. Curdts 

Preliminary Corona Resistance Test Results from IEC Activities—C. W. Ross 

Effects of Corona on Plastic Laminates—A. Rufolo and R. R. Winans 

Corona Resistance Test Method for Laminates, Molded, and Cast Materials— 
W. T. Starr 

Preliminary Investigation of Proposed Pulse Method for Measuring Ionization— 
F. S. Oliver, F. H. Povey, and T. A. Pinkham 

Corona Detection and Measurement at Sixty Cycles—J. R. Nye 

Test Methods for Measuring Energy in a Gas Discharge—S. I. Reynolds 


These papers with discussion were issued as ASTM Special Technical 
Publication No. 198 entitled “‘Symposium on Corona.” 
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SUMMARY OF PROCEEDINGS OF SYMPOSIUM ON 
MINIMUM PROPERTY VALUES OF ELECTRICAL 
INSULATING MATERIALS 


The papers and discussions of this Symposium were presented at a meet- 
ing of ASTM Committee D-9 on Electrical Insulating Materials, held in 
Philadelphia, February 1956. 

In the design of electrical equipment the safety factor is based on the 
-minimum expected values for electrical and physical properties of the com- 
ponent materials, as well as an estimate of the extremes of conditions which 

the equipment may encounter under adverse circumstances. Results of 
materials tests should enable a prediction as to the lowest expected value 
for a property of a material so that the designer may take this into account 
in establishing the safety factor. Unfortunately, this information is not read- 
ily obtainable from many present test methods. Though there has been 
some progress in establishing procedures for predicting minimum values, 
there is still great need for further work. This symposium may be considered 


as a report of progress, indicating a baseline for additional investigations — 


toward establishing safety factor on a basis of knowledge rather than igno- 
rance. 
The papers presented were: 


Significance of Minimum Property Values of Electrical Insulating Materials 
—C. L. Craig 

Extremal Nature of Dielectric Breakdown—Effect of Sample Size—H. S. 
Endicott and K. H. Weber 

Variability of Dielectric Breakdown in Sheet Insulation—H. K. Graves 

The Establishment of Minimum Quality Levels of Sheet Insulation—C. J. 
Photiadis 

Low-Temperature Resistance Test Methods for Non-Rigid Insulation—C. L. 
Craig 

Statistical Treatment of Heat-Aging Studies on Varnished Glass Cloth—L. 
E. Sieffert and E. W. Alexander 

Quality Level Cannot Be Determined by “‘Go”—‘‘No Go” Gage—L. J. Timm 


These papers with discussions were issued as ASTM Special Technical 
Publication No. 188, entitled “Symposium on Minimum Property Values of _ 
Electrical Insulating Materials.” 
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Abrams, Melvin S. 
See Felt, Earl J., and Abrams, Melvin S. 
Adams, C. H., and Supnik, R. H. 


An Improved Procedure for Measuring Ten- 
sile Modulus and Its Use in Studying the 
Modulus-Density Relationship for Poly- 


ethylene Resin. Published in ASTM 
BULLETIN, No. 217, Oct., 70 (TP204). 
Adams, R. C. 


Committee D-19: The First Quarter Century 
—Summary of Proceedings of Pacific Area 


Meeting, 49. ana 
Aggen, G. N. 
Discussion, 684. 


Alden, R. C. 

ACR Notes—The Newly Discovered Fact. 
Published in ASTM Butietin No. 215, 
July, 43. 

Alexander, A. L. 

Evaluation of Phosphate Coating over Elec- 
trodeposited Zinc—Summary of Pro- 
ceedings of STP 197, 54. 

Alexander, E. W. 
See Sieffert, L. E., and Alexander, E. W. 


Alger, J. V., Roberts, E. C., Lent, R. P., 
and Anderton, G. W. 
All-Glass Multiple-Test Apparatus for Cor- 
rosion Testing of Stainless Steels. Published 
in ASTM BwtLtetin, No. 214, May, 57 
(TP115). 
Amy, J. A. 
See Bigelow, W. C., Amy, J. A., and Brock- 
way, L. O. 
Anderegg, F. O. 
Discussion, No. 214, May, 56 (TP114). 


Anderson, A., and Bjerrum, L. 

Vane Testing in Norway—Summary of Pro- 

ceedings of STP 193, 1397. 
Anderson, Richard. 

Nondestructive Testing of Bonded Metal 
Sandwich Materials—Summary of Pro- 
ceedings of Pacific Area Meeting, 34. 

Anderton, G. W. 
See Alger, J. V., Roberts, E. C., Lent, R. P., 


and Anderton, G. W. 


AUTHOR INDEX 


VOLUME 56 


Arni, H. T., Foster, B. E., and Clevenger, 
R.A. 


Automatic Equipment and Comparative Test 
Results for the Four ASTM Freezing-and- 
Thawing Methods for Concrete, 1229, Disc., 
1254. 

Arnold, James S. 

An ultrasonic Technique for Nondestructive 
Evaluation of Metal-to-Metal Adhesive 
Bonds. Summary of Proceedings of Pacific 
Area Meeting, 43, 51. 

Aroni, S. 

See Francis, A. J., Brown, W. P., and Aroni, 


Ashcraft, E. B. 


Foreword—Symposium on pH Measurement— 
Summary of Proceedings of STP 190, 1455. 


Use of Radioactive Tracers in the Study of 
Soil Removal and Detergency—Summary of 
Proceedings of Pacific Area Meeting, 51. 

Ashley, R. 

Discussion, 1136. 

Asseff, P. A., Levin, Harry, and Sprague, 
H. G., and Cooperators. 

Measurement of Extreme-Pressure Properties 
of Lubricants. Published in ASTM But- 
LETIN, No. 216, Sept., 25. 

B 
Babbit, J. D. 


The Movement of Moisture through Solids. 
Published in ASTM But tetin, No. 212, 
Feb., 58 (TP46). 

Backer, Stanley 

Tensile Load-Deformation Testing of Textile 
Structures—Summary of Proceedings, STP 
194, 1456. 

Badger, W. L. 

Discussion, 753. 

Baker, Don. 

Observation on Brinell Hardness Testing of 
Titanium Sponge—Summary of Proceed- 
ings of Pacific Area Meeting, 41. 

Baker, M. D. 

Introduction to Symposium on Steam Quality 
—Summary of Proceedings of STP 192, 
1457. 

Baldwin, W. M., Jr. 
See Form, G. W., and Baldwin, W. M., Jr. 
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Barath, Alex. 


Ultrasonic Inspections of Aircraft Forgings 
—Summary of Proceedings of Pacific Area 
Meeting, 43. 


Barmack, B. J. 


The Misuse of the Preece Test. Published ‘in AY 


ASTM Bu LLeETIN, No. 217, Oct., 38. 


Barnes, G. C. 

See Ryder, E. A., and Barnes, G. C. 
Barry, H. A. 

See Schapiro, Leo, and Barry, H. A. 
Bartelmes, R. F. 

Full Scale Testing of Prefabricated Military 
Buildings—Summary of Proceedings of 
Pacific Area Meeting, 43. 

Barth, V. C. 

Direct-Reading Spectographic Evaluation of 
Used Railroad Oils—Summary of Proceed- 
ings of Pacific Area Meeting, 42. 

Bates, R. G. 

Meaning and Standardization of pH Measure- 
ments—Summary of Proceedings of STP 
190, 1455. 

Battalora, J. R., and Pulsifer, D. E. 

High Temperature Testing of Adhesives for 
Aircraft Structural Application—Summary 
of Proceedings of Pacific Area Meeting, 47 

Beadle, R. H. 

Laboratory Research on Burning No. 6 
Residual Fuel in an 8} x 10 Opposed Piston 
Diesel Engine—Summary of Proceedings of 
Pacific Area Meeting, 39. 

Beck, W. N. 

See McGonnagle, W. J., and Beck, W. N. 
Belt, J. R. 

See King, H. F., and Belt, J. R. 
Benjamin, Irwin A. 

Discussion, 1228. 


Bennett, A. Lee. 


Importance of Testing to the Clay Pipe 
Industry—Summary of Proceedings of 
Pacific Area Meeting, 45. 

Bennett, J. A. 

Discussion, 1047. 


Benoit, Lester. 

Trade Technical Groups and Government— 
Industry Standardization. Published in 
ASTM BuLLetin, No. 211, Jan., 26. 

Bentley, A. L. 

Discussion, 1347. 
Berggren, R. G. 
See Wilson, J. C., and Berggren, R. G. 
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Berggren, R., Dismuke, C., Feldman, M. J., 
and Wilson, J. C. 
The Mechanics of Testing Irradiated Materials 
—Summary of Proceedings of Pacific Area 
Meeting, 48. 


Berk, Ebert, Helen, and Keeser, 


Radioactive Tracers in Nondestructive [n- 
spection of Internal Components. Published 
in ASTM Buttetin, No. 217, Oct., 65 
(TP199). 

Bernhard, R. K. 

Microseismics—Summary of Proceedings of 
Pacific Area Meeting, 41. 

Soil Density and Soil Moisture Determination 
by Radiation Methods—Summary of Pro- 
ceedings of Pacific Area Meeting, 39. 

Bernhard, R. K., Chasek, M., and Griggs, P. 

Further Data on Gamma Ray Transmission 

Through Soils, 1288. Disc., 1300. 
Bessen, I. I. 
Observations of Bainite Formation with the 


Thermionic Emission Microscope, 415. 
Disc., 425. 
Best, C. H. 
See Kelly, J. W., Polivka, M., and Best, 
Cc. 


Bigelow, W. C., Amy, J. A., and Brockway, 
L. O. 


Electron Microscopic Identification of the 7’ 
Phase of Nickel-Base Alloys, 945. 


Binder, W. O., Thompson, J., and Bishop, 
C.R. 


Intergranular Corrosion Resistance of Low- 
Carbon Austenitic Chromium-Manganese- 
Nickel Steels, 903. Disc., 920. 

Birks, L.S., and Seal, R. T. 

Comparison of Surface and Volume Trans- 

formations in Alloy Steel, 436. 
Bishop, C. R. 

See Binder, W. O., Thompson, J., and Bishop, 

Cc. &. 
Bishop, H. F. 
See Johnson, W. H., and Bishop, H. F. 


Bjerrum, L. 
See Anderson, A., and Bjerrum, L. 


Blake, Carl, and Eck, Lawrence T. 

Titanium Sponge Quality Evaluation at 
Titanium Metals Corporation of America 
Summary of Proceedings of Pacific Area 
Meeting, 41. 


Blatherwick, A. A., and Lazan, B. J. 
The Effect of Changing Cyclic Modulus on 
Bending Fatigue Strength, 1012. Disc., 
1034. 
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Blum, William. 
History of ASTM Committee B-8—Summary 
of Proceedings of STP 197, 54. 


Bly, J. H. 

Introduction to Symposium on Nondestruc- 
tive Testing—Committee E-7 Operation— 
Summary of Proceedings of Pacific Area 
Meeting, 38. 

Boegehold, A. L. 

Materials in the Automobile of the Future. 
Published in ASTM, Buttetin, No. 218, 
Dec., 18. Published in Vetals Progress, Am. 
Soc. Metals, Sept., 1956, 103. 

Bolin, Harry W. 

Trends in School Building Design—Summary 

of Proceedings of Pacific Area Meeting, 44. 
Boltax, A. 

Effects of Radiation Damage on Precipitation 
Hardening Alloys with Special Reference to 
Copper-Iron Alloys, 50. 

Bopp, C. D. 7 

See Sisman, O., and Bopp, C. D. 4. 


Bornemann, A. 

“Tin Disease” in Solder Type Alloys—Sum- 
mary of Proceedings of STP 189, 1138. 

Boswell, F. W. 

Electropolishing of Ferrous Metal Specimens 
for Electron Metallography, 426. 

Bowen, Dwain. 

Survey of Radiation Effects on Fuel Materials 
—Summary on Proceedings of Pacific Area 
Meeting, 48. 

Bowman, G. B. 

Evaluation of Methods Available for Measure- 
ment of Surface Luster of Electroplated 
Coatings—Summary of Proceedings of ST P 
197, 54. 

Boynton, R. S. 
Discussion, 1316. 


Brandes, O. L. 

Determination of “Active” Sulfur Content of 
Sulfur-Bearing Cutting Fluids. Published in 
ASTM Buttetin, No. 214, May, 28. 

Brennan, E. W., and Moyer, R. G. 

Water Leaching of Additives—Summary of 

Proceedings of Pacific Area Meeting, 36. 
Briggs, C. W. 

See Evans, E. B., 

C. W. 
Brink, R. H., and Halstead, W. J. 
Studies Relating to the Testing of Fly Ash 
for Use in Concrete (R), 1161. Disc., 1207. 
Brockway, L. O. 
See Bigelow, W. C., Amy, J. A., and Brock- 
way, L. O. 


Ebert, L. J., and Briggs. 
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Broughten, J. L., and Moore, C. C. 

Locomotive Lubricating Oil Requirements as 
‘Related to Fuels—Summary of Proceedings 
of Pacific Area Meeting, 39. 

Brown, C. B. 
See Stephens, D. W., and Brown, C. B. 5 
Brown, Philip B. 

See Palmer, L. A., Brown, Philip B., and S 

Yeomans, C. M. 
Brown, W. F., Jr. 

See Jones, M. H., and Brown, W. F., Jr. 

See Sessler, J. G., and Brown, W. F., Jr. 

Discussion, 614. 

Brown, W. P. 

See Francis, A. J., Brown, W. P., and Aroni, S. 

Bryan, Ford, R. 

Section J Committee Report of Spectrographic 
Analysis of Lubricating Oils—Summary of 
Proceedings of Pacific Area Meeting, 42. 

Burmister, Donald M. 

Application of Environmental Testing of 
Soils, 1351. 

Judgment and Environment Factors in Soil 
Investigations. Published in ASTM But- 
LETIN, No. 217, Oct., 55 (TP189) (R). 

Burrill, E. A. 


Recommended Practices for Radiographic In- 
spection—Summary of Proceedings of 
Pacific Area Meeting, 38. 


Butler, J. P. 


Rehabilitation of Fatigue-Weary Structures— 
Summary of Proceedings of Pacific Area 
Meeting, 53. 


Cc 


Cabal, A. V., and Capowski, J. 

Effect of Fuel Composition upon Intake Valve 
Deposit Forming Characteristics—Sum- 
mary of Proceedings of Pacific Area Meet- 
ing, 46. 

Cadling, L., and Lindskog, G. 

Some Notes on Five Years Experience From 
Field Vane Tests in Sweden—Summary of 
Proceedings of ST P 193, 1397. 

Cahn, H. L. 

Silicones in the Protective Coatings Industry | 

Summary of Proceedings of Pacific Area 
Meeting, 51. 

Calkins, G. D. 

See Whitney, J. E., Chandler, E. M., Gates, 
J. E., and Calkins, G. D. 

Calkins, V. P. 

Problems of Radiation Dosimetry—Summary 
of Proceedings of Pacific Area Meeting, 52. 

Campbell, T. M., Jr. 
See Coulter, E. E., and Campbell, T. M., Jr. 
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Capowski, J. 

See Cabal, A. V., and Capowski, J. 

Carew, W. F. 

See Crossley, F. A., Carew, W. F., and Kessler, 
H. D. 


Carlson, R. L. 
See MacDonald, R. J., Carlson, R. L., and 
Lankford, W. T. 
Carman, C. M. 
Discussion, 565. 
Carney, D. J. 

See Whittenberger, E. J., Rosenow, E. R., and 

Carney, D. J 
Carpenter, C. A. 

The Role of Specific Gravity in the Design and 
Control of Bituminous Paving Mixtures— 
Summary of Proceedings of STP 191 
1398. 

Carter, R. L. 

Radiation Effects on Graphite—Summary of 

Proceedings of Pacific Area Meeting, 48. 
Carr, F. L. 
Discussion, 587. 


Casey, Joan. 

See Vind, Harold, Maraoka, J., Casey, Joan, 

and Hochman, H. 
Castleman, L. 

Survey of the Effects of Neutron Bombard- 
ment on Structural Materials—Summary of 
Proceedings of Pacific Area Meeting, 50. 

Chandler, E. M. 

See Whitney, J. E., Chandler, E. M., Gates, 

J. E., and Calkins, G. D. 
Chang, T. S., and Kesler, C. E. 

Correlation of Sonic Properties of Concrete 

with Creep and Relaxation, 1257. 
Chasek, M. 

See Bernhard, R. K., Chasek, M., and 
Griggs, P. 

Chatten, C. K., Scoville, W. E., Jr., and 
Conant, F. S. 

A Study of Rheological Testing of Elastomers 
at Low Temperatures. Published in ASTM 
BULLETIN, No. 217, Oct., 47 (TP181). 

Cheorvas, W., and Plumtree, W. C. 

Effect of Dimensional Factors and Tempera- 
ture on the Shear Strength of Aluminum 
Honeycomb—Summary of Proceedings of 
Pacific Area Meeting, 47. 

Chiswik, H. H. 

See Kittel, J. H., Paine, S. H., and Chiswik, 

H. H. 
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Solvents and Thinners—Summary of Proceed- 
ings of Pacific Area Meeting, 50. 
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Winans, R. R. 
See Rufolo, A., and Winans, R. R. 


Williams, N. D., 


Southern 
Proceedings of 
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Winniford, R. S. 
Reproducibility in Oven Heat Tests for Pay- 
ing Asphalts—Summary of Proceedings of 
Pacific Area Meeting, 37. 
Winterton, K. 
Discussion, 1413. 


Wray, R. I., and Whitby, L. 

Proposed Methods for the Preparation for 
Painting of Light Metal Alloy Surfaces— 
Summary of Proceedings of Pacific Area 
Meeting, 50. 

Wright, W. A. 

The Viscosity-Temperature Function. Pub- 
lished in ASTM Be tetin, No..215, July, 
84 (TP140). 

Wood, L. W. 

Testing Poles for the American Society for 
Testing Materials—Summary of  Pro- 
ceedings of Pacific Area Meeting, 40. 

Range in Strength Qualities of Dimension 
Lumbar—Summary of Proceedings of Pacific 
Area Meeting, 46. 

Woolf, D. O. 


An Improved Sulfate Soundness Test for 
Aggregates. Published in ASTM BuLLetin, 
No. 213, April, 77 (TP87). 
Wyman, L. L. 
The New ASTM Grain-Size Methods. Pub- 
lished in ASTM Bvuttetin, No. 215, 
July,59, 


Y 


Yanoshek, S. 
See Williams, F. M., Grimmer, L. 
Adams, M. M., and Yanoshek, S. 
Yeomans, C. M. 
See Palmer, L. A., Brown, Philip B., and 
Yeomans, C. M. 
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Evaluation of Rubber Deterioration by Means 
of Radioisotopes—Summary of Proceedings 
of Pacific Area Meeting, 51. 
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See Markwardt, L. J., and Youngquist, W. G. 


Ziobro,R. J. 
See Parker, R. O., and Ziobro, R. J. 
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Correlation Between Laboratories on Results 
of ASTM Tests for Asphalts—Summary of 
Proceedings of Pacific Area Meeting, 37. 
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Adhesives 


Aggregates 


A 
Acoustical Materials 
air flow resistance 
apparatus (Sabine). Published in ASTM 


BULLETIN, No. 211, Jan., 
Report of Comm. C-20, 230. 


29 (TP1). 


bituminous coated 


Symposium on Specific Gravity of Bitumi- 
nous Coated Aggregates. Summary of 
Proceedings of STP 191, 1398: 

development and application of effective 
specific gravity (Martin and Layman). 
maximum specific gravity by vacuum 
saturation procedure (Rice). 
measurement of specific gravity 
by means of a volumeter (Williams, 
Grimmer, McAdams, and Yanoshek). 
by solvent immersion (Serafin). 
role of specific gravity in design and con- 
trol of mixtures (Carpenter). 
specific gravity and voids relationships in 
mix design (McRae). 
concrete 
~ Report of Comm. C-9, 208. 
‘sulfate soundness test (Woolf). 


Report of Comm. D-14, 337. 


Published in 


ASTM Buttetin, No. 213, Apr., 77 
(TP87). 

Aging 

plastics 


fluorescent sunlamps (Reinhart and Mutch- 
ler). Published in ASTM But tetin, No. 
212, Feb., 45 (TP33). 
Air Flow Resistance 
acoustical materials 
apparatus (Sabine). Published in ASTM 
BULLETIN, No. 211, Jan., 29 (TP1). 
Aluminum 
castings 
effect of geometry on properties (Johnson 
and Bishop), 724. Disc. 737. 
_ corrosion resistance in sea water 
evaluation by pit depth measurements (Sum- 
merson, Pryor, Keir, and Hogan). Sum- 
mary of Proceedings of Pacific Area 
Meeting, 48. 
high purity 
fatigue-effect of temperature and frequency 
(Dorn). Summary of Proceedings of Pa- 
cific Area Meeting, 53. 
proposed method 
Report of Comm. D-1 (appendix), 245. 
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VoLUME 56 


Antimony— 
Appearance 


Aromatic Hydrocarbons 


Report of Comm. B-1, 146. 
Report of Comm. B-6, 164. 
Report of Comm. B-7, 168. 
Report of Comm. E-2, 378. 


Annual Meeting 


Report of Board of Directors, 60. 
Summary of Proceedings of Fifty-ninth An- 
nual Meeting, 1. 


Anodic Coatings 


proposed method 
Report of Comm. D-1 (appendix), 245, 249. 


Antifreezes 


Report of Comm. D-15, 340. 
Lead Alloys 

creep-rupture in shear (Greenwood), 859. 
Report of Comm. E-12, 467. 


Report of Comm. D-16, 342. 


Asphalt 


durability testing 
influence of exposure conditions (Klein- 
schmidt and Greenfeld). Published in 
ASTM Buttetin, No. 213, Apr., 69 
(TP79). 
Report of Comm. D-4, 289. 
Report of Comm. D-8, 303. 
Atmospheric Analysis : 
Report of Comm. D-22, 369. 
Atomic Energy 
blueprints for a peaceful atom. Published in 
ASTM BUuLLeETIN, No. 214, May, 33. 
Automobiles 
materials of the future (Boegehold). Published 
in ASTM Buttetin, No. 218, Dec., 18. 
Published in Metals Progress, Am. Soc. 
Metals, Sept., 1956, 103. 
Awards of Merit 
Summary of Proceedings of Fifty-ninth An- 
nual Meeting, 6. 


Bast and Leaf Fibers 
Report of Comm. D-13, 332. 
Bearings 
carbon, metal bonded (Nudelman, Sump, and 
Troy). Published in ASTM Buttetin, No. 
213, Apr., 62 (TP72) (&). 
Bituminous Materials 
Report of Comm. D-4, 289. 
Report of Comm. D-8, 303. 


BULLETIN, No. 212, Feb., 56 (TP44). 


compression test (Waller). Published in ASTM 
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Board of Directors 
Report of Board oi Directors, 60. 
Brass 
Report of Comm. B-5, 158. 
Report of Comm. B-6, 164. 
Brick 
Report of Comm. C-15, 224. be 
weathering index. Published in ASTM BuL- 
LETIN, No. 217, Oct., 39. 
Bronze 
Report of Comm. B-5, 158. 
Building Constructions 
Report of Comm. E-6, 460. 
Building Design 
seismic and shock loading. Summary of Pro- 
ceedings of Pacific Area Meeting, STP 
209, 44: 
cantilevered wood mullions fixed in di- 
agonally sheathed and plywood panels 
(Peterson). 
full-size structural wood diaphragms 
State of California and Army engineers 
tests (Johnson). 
lateral forces (Degenkolb). 
school building (Bolin). 
see also Wood, glued-laminated constructions 
Building Stone 
natural 
Report of Comm. C-18, 229. 


Cc 
Cable 
Report of Comm. B-1, 146. 
Capping 
compression test samples (Waldorf). Pub- 
lished in ASTM BuLLetIn No. 216, Sept., 
67 (TP179). 
Carbon Black 
methods of testing. Published in ASTM But- 
LETIN, No. 215, July, 51. 
Carnauba Wax Solubility Test 
accuracy and usefulness. Published in ASTM 
BuLLETIN, No. 214, May, 27. 
Cast Iron 7 
Report of Comm. A-3, 127. 
Report of Comm. A-7, 138. 
Cellulose 
carboxymethylcellulose 
Report of Comm. D-23, 370. 
Cement 
oxychloride, magnesium 
Report of Comm. C-2, 198. 
oxysulfate, magnesium 
Report of Comm. C-2, 198. 
properties of gypsum 
and role of calcium sulfate (Hansen). 
Published in ASTM Buttetin, No. 212, 
Feb., 66 (TP54). 
Papers on Cement and Concrete. 
Summary of Proceedings of Pacific Area Meet- 
ing, STP 205, 47: 
air-entraining cements 
effect of storage (McCoy 
chemical reactivity in concrete 
alkali aggregate phase (Hester and Smith). 
Report of Comm. C-1, 194. 


and Helm). 
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sulfate resistance, Published in ASTM 
LETIN, No. 212, Feb., 37. 
hydrophobic cement (Stoll). 
portland cement 
carbonation of hydrated (Verbeck). 
determination of magnesium oxide ly 
flame photometry (Pritchard). 
testing for inherent strength (Swayze). Dis- 
cussion. Published in ASTM BULLETIN, 
No. 212, Feb., 61 (TP49). 
thermal insulating 
Report of Comm. C-16, 226. 
water-soluble alkali (Ellingson, Gillam, and 
Kopanda). Published in ASTM BuLtetin, 
No. 212, Feb., 63 (TP51). 
Cemented Carbides 


Report of Comm. B-9, 188. 
Ceramics 
metal coatings 
Report of Comm. C-22, 234. 


Chemical Analysis 
Report of Comm. E-2, 378. 
Report of Comm. E-3, 385. 
Chemical Resistant Units 
Report of Comm. C-15, 224. 
Clay Pipe 
Report of Comm. C-4, 200. 
Coal 
Report of Comm. D-5, 
Coal Plastometer 


295. 


(Hills). Published in ASTM BULLETIN, No. 
218, Dec., 34 (TP212). 
Coatings 
anodic 
Report of Comm. B-7, 168. 
ceramic 


Report of Comm. C-22, 234. 
electrodeposited 
see also Electrodeposited 
metallic coatings. 
Report of Comm. B-8, 186. 


Report of Subcommittee IT of Comm. B-8, 
187. 

metal 

Report of Comm. A-5, 130. q 
protective 

Report of Comm. C-16, 226. 

Coke 

Report of Comm. D-5, 295. 


Color 
definitions, appearance 
Report of Comm. E-12 (appendix), 468. 
Compression 
chromium-nickel-manganese 
stainless sheet steel (Walsh, Cook, and Lula), 
923. Disc., 944. 
metals. Published in ASTM Bwtietin, No. 
215, July, 61. 
Concrete 
aggregates 
Report of Comm. C-9, 208. 
correlation of sonic properties with creep and 
relaxation (Chang and Kessler), 1257. 
freezing-and-thawing 
automatic equipment and comparative test 
results (Arni, Foster and Clevenger), 1229 
Disc., 1254. 
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Papers on Cement and Concrete. 
Summary of Proceedings of Pacific Area 
Meeting, STP 205, 49: 
hardened 
determination of composition by a physi- 
cal method (Kelly, Polivka, and Best). 
prestressed expanded shale beams 
short-time and sustained load tests (Davis, 
Troxell, McCall, and McCann). 
portland cement 
partial replacement of (Mather). 
resistance to abrasion 
effect of aggregate quality (Smith). 
testing fly ash (Brink and Halstead), 1161 (R). 
Disc., 1207. 
use of fly ash (Timms and Grieb), 1139 (R). 
Disc., 1158. 
portland cement 
effect of revibration (Sawyer, Lee), 1215. 
Disc., 1228. yor 
Concrete Masonry Units a ; 
Report of Comm. C-15, 224. 
Concrete Pipe 
Report of Comm. C-13, 220. 
Conditioning 
Report of Comm. E-1, 372. 
Conductors 
construction and use (Gilbo). Published in 
ASTM Bu ttetry, No. 212, Feb., 68 (TP56). 
Report of Comm. B-1, 146. 
Consistency 
Report of Comm. E-1, 372. 
Contact Materials 
Report of Comm. B-4, 155. 
Copper 
beryllium-copper 
uni-directional axial tension fatigue tests 
(Weisman, Melill, and Matsuda). Sum- 
mary of Proceedings of Pacific Area 
Meeting, 53. 
beryllium copper strip 
effect of cold rolling and heat treating on 
properties (Richards and Smith). Sum- 
mary of Proceedings of Pacific Area 
Meeting, 49. 
Report of Comm. B-2, 152. 
Report of Comm. B-5, 158. 
strip 
forming properties (Richards and Smith), 
807. 
structural chemistry and metallurgy 
Gillett Memorial Lecture (Crampton). Sum- 
mary of Proceedings, 12, also Summary 
of Proceedings of Pacific Area Meeting, 
48. 
wire 
Report of Comm. B-1, 146. 
Corona 
are resistance (Olyphant). Published in ASTM 
BULLETIN, No. 216, Sept., 47 (TP159) (R). 
effects on plastic laminates (Rufolo and 


Winans). Published in ASTM BULLETIN, 


No. 214, May, 53 (TP111). 


measuring energy in gas discharge (Reynolds). 
Published in ASTM Bu tetin, No. 214, 


May, 51 (TP109). ; 
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Symposium. Summary of Proceedings of STP 
198, 1458: 
detection and measurement at sixty cycles 
(Nye). 
effects on plastic laminates (Rufolo and 
Winans). 
introduction (Curdts). 
proposed pulse method for measuring 
ionization (Oliver, Povey, and Pinkham). 
resistance test 
method for laminates, molded and cast 
materials (Starr). 
results from IEC activities (Ross). 
test methods in a gas discharge (Reynolds). 
Corrosion 
atmospheric cycling test (Nussdorfer and 
White). Published in ASTM Buttetin, No. 
214, May, 61 (TP119). 
chromium-nickel-manganese 
stainless steel sheet (Walsh, Cook, and Lula), 
923. Disc., 944. 
copper-strip standards (Cropper). Published 
in ASTM Bu tetin, No. 218, Dec., 49 
(TP229). 
electrodeposited coatings 
Report of Comm. B-8, 186. 
Report of Subcommittee II of Comm. B-8, 
187. 
intergranular 
low-carbon austenitic chromium-manganese- 


nickel steels. (Binder, Thompson, and 
Bishop), 903. Disc., 920. 
Report of Advisory Comm. on Corrosion, 191. 
Report of Subcommittee XV of Comm. A-5, 
130. 
Report of Comm. B-3, 154. 
Report of Comm. B-6, 164. : 
stainless steel 
all-glass multiple-test apparatus (Alger, 
Roberts, Lent and Anderton). Published 
in ASTM Bu ttetin, No. 214, May, 57 
(TP115). 
chromium-nickel-manganese 
austenitic (Renshaw and Lula), 866. 


Disc., 890. 
steel 
Report of Comm. A-10, 140. 
wire 
Report of Comm. A-5, 133. 
Cotton 
Report of Comm. D-13, 332. 
Creep 
aluminum 


effect of creep 
stress history at high temperature 
(Sherby, Trozera, and Dorn), 789 (R). 
Disc., 805. 
axial loading machine (Jones and Brown). 
Published in ASTM Buttetin, No. 211, 
Jan., 53 (TP25). Disc., 60 (TP32). 
tension 
bend-test determination (Wachtman and 
Maxwell). Published in ASTM Buttetin, 
No. 211, Jan., 38 (TP10). 
Creep-Rupture 
empirical relationship (Monkman and Grant), 
593 (R). Disc., 605. . 
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D 


Damping Properties 
static mean stress effect (Person and Lazan), 


1399 (R). Disc., 1413. 


Definitions 


appearance terms in ASTM methods. 
Report of Comm. E-1t2 (appendix), 468. 


Detergents 
corrosion test 


vitreous enamel surfaces (Harris, Kramer, 
and Trexler). Published in ASTM But- 
LETIN, No. 216, Sept., 61 (TP173). 


efficiency evaluation 


choice of background (Stephens and Brown). 
Published in ASTM Buttetin, No. 214, 
May, 45 (TP103). 

Report of Comm. D-12, 328. 

rug cleaning on location 

testing methods (Rice). Published in ASTM 
BULLETIN, No. 213, Apr., 59 (TP69). 


Die Castings 


Report of Comm. B-6, 164. 


Dielectric Measurements 


ultra high frequency 
insulating materials (Meahl), 312. 


District Activities 


Report of Administrative Comm. on District 
Activities, 105. 


Ductility of Metals 


brittle skins effect (Form and Baldwin), 645 
(R). Disc., 659. 


& 
Electrical Insulating Materials 
corona 


arc resistance (Olyphant). Published in 
ASTM Bettetin, No. 216, Sept., 47 
(TP159) (R). 

effects on plastic laminates (Rufolo and 
Winans). Published in ASTM Bvuttetin, 
No. 214, May, 53 (TP111). 

measuring energy in gas discharge (Rey- 
nolds). Published in ASTM BULtetin, 
No. 214, May, 51 (TP109). 


_ minimum property values 


Symposium. Summary of Proceedings of 
STP 188, 1459: 
determination of quality level—‘go, no- 
go, gauge” (Timm). 
dielectric breakdown 
extremal nature (Endicott and Weber). 
variability in sheet insulation (Graves). 


establishment of quality levels—sheet in- 
sulation (Photiadis). 
heat-aging studies on varnished glass 


cloth (Sieffert and Alexander). 
low-temperature resistance test (Craig). 
significance of (Craig). 
Report of Comm. D-9, 305. 
Report of Comm. D-20, 357 (appendix), 362. 


Electrodeposited Metallic Coatings 


Symposium on Properties, Tests, and Per- 
formance of Electrodeposited Metallic 
Coatings. Summary of Proceedings of 
STP 197, 54: 
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atmospheric exposure of lead coatings on 
steel (DuRose) 
corrosion behavior and protective value 
of copper-nickel-chromium and_nickel- 
chromium on steel (Sample). 
of zinc and cadmium on steel (Sample, 
Mendizza and Teel). 
history of ASTM Committee B-8 (Blum). 
introductory remarks (Pinner). 
methods for measurement of surface luster 
(Bowman). 
phosphate coating over electrodeposited zinc 
(Alexander). 


prior _cleaning-recommended _ practices 
(Spring). 

salt-spray test (Mendizza). 

supplementary coatings-testing methods 
(Harr). 


Electron Microscope 
identification of +’ phase of nickel-base alloys 


(Bigelow, Amy, and Brockway), 945. 


Electron Tube Materials 
Report of Comm. F-1, 476. 
Electronics Materials 
Report of Comm. B-4, 155. 
Elevated Temperature 
properties of Ti-6AI-4V alloy (Sherman, Parris, 


and Kessler). Summary of Proceedings of 


Pacific Area Meeting, 35. 
Emission Spectroscopy 
Report of Comm. E-2, 378. - 
Enamel 
porcelain 


Report of Comm. C-22, 234. 


Exhibit 
1956 Annual Meeting. Published in ASTM 


BULLETIN, No. 213, April, 9; No. 215, July, 
12. 


F 


Fatigue 
aluminum alloys 


crack propagation (Hunter, Fricke), 1038. 
Disc., 1047. 


bending 


effect of changing cyclic modulus (Blather- 
wick and Lazan), 1012. Disc., 1034. 


cast and wrought steels (Evans, Ebert and 


Briggs), 979 (R). Disc., 1011. 


direct tensile 


elevated temperatures AMS 5765 (S-816) 
alloy (Hoffman), 1063. 


medium carbon steel 


effect of size, shape, and grain size (Mas- 
sonnet), 954 (R). 

Papers on Fatigue. Summary of Proceedings 
of Pacific Area Meeting, ST P 203, 52, 53: 

effect of forming on mechanical properties 
(Waisman). 

full scale wing testing (Vollmecke). 

heat resistant alloys—notched and un- 

notched 

axial stress, creep and rupture properties 


high purity aluminum 


(Vitovec and Lazan). 
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effect of temperature and frequency 
(Dorn). 
magnesium alloy 
crack initiation and propagation (Clapper 
and Watz). 
properties of high strength steels 
effect of a number of variables (Sachs, 
Muvdi, and Klier). 
rehabilitation of fatigue-weary structures 
(Butler). 
riveted joints—strength (Smith and Linde- 
neau). 
uni-directional axial tension tests 
beryllium-copper and precipitation hard- 
ening corrosion resistant steels (Weis- 
man, Melill, and Matsuda). 
Report of Comm. E-9, 463 
rolling contact materials 
rapid test (Ryder and Barnes). Published in 
ASTM Bvuttetin, No. 217, Oct., 63 
(TP197). 
statistical analysis of data (Roelofis and 
Garofalo), 1081 (R). 
statistical treatments (Torrey, Gohn), 1091 
(R). Disc., 1117. 
titanium alloys 
notched properties (Demmler, Sinnott, and 
Thomassen), 1051. Disc., 1061. 
wire 
machine for investigation of influence of 
complex stress histories 
(Corten, Sinclair), 1124. Disc., 1136. 
Ferro-Alloys 
Report of Comm. A-9, 139. 
Fibers : 
Report of Comm. D-13, 332. 
Filter Block 
clay 
Report of Comm. C-15, 224. 
Finances 
auditors’ report, 79. 
Fire Tests 
Report of Comm. E-5, 458. > 
Flash Point 
revised method 
Report of Comm. D-1 (appendix), 262. 
Force and Weight Standards 
(Ruge). Published in ASTM Buttetin, No. 
218, Dec., 31 (TP209). 
Forming Properties 


copper 
strip (Richards and Smith), 807. ‘4 
Fretting Wear 


zircaloy—2 pellets 
high temperature water (Waldman and 
Cohen), 891. 
Full-Scale Tests 
house structures. Summary of Proceedings of 
Pacific Area Meeting, STP 210, 43: 
prefabricated buildings 
evaluating facilities of NAVCERELAB 
(Dykins). 
military (Bartelmes). 
rigidity and strength 
stressed-cover panels, plywood (Luxford — 
and Erickson). a. 


INDEX 1487 


simulated wind and snow loads (Dorey and 
Schriever). 
see also Loading Test 


G 


Gaseous Fuels 
Report of Comm. D-3, 287. 
Gasoline 
Report of Comm. D-2, 245. 
vapor phase oxidation. Summary of Proceed- 
ings of Pacific Area Meeting, STP 202, 46: 7 
induction system 
gum—engine versus bench test (Keller _ 2 
and Liggett). 
reactions—liquid or vapor? (Nixon, Minor 
and Rudy). 
intake system deposit 
fuel effect (Scheule). é 
valve deposit forming characteristics 
(Cabal and Capowski). 


Glass 
containers ( 
Report of Comm. C-14, 222. 
Report of Comm. E-2, 378. 
Glass Textiles 
Report of Comm. D-13, 332. 
Gloss 
definitions 
Report of Comm. E-12 (appendix), 468. 
Grain Size Methods 
(Wyman). Published in ASTM Bvttetin, 
No. 215, July, 59 ee 
Grease 
Report of Comm. D-2, 245. 
Guided Missiles 
testing (Sparling). Published in ASTM But- 
LETIN, No. 218, Dec., 52 (TP232). See also 
Summary of Proceedings of Pacific Area 
Meeting, 35. 
Gypsum 
~ Report of Comm. C-11, 215. 


H 


Hardness Testing 

Report of Comm. E-1, 372. 
Heating Alloys 

Report of Comm. B-4, 155. 
Honorary Membership Awards 


Summary of Proceedings of Fifty-ninth An- st) 
nual Meeting, 6. 
Hydrocarbons 
aromatic 
Report of Comm. D-16, 342. 


I 


Impact 


alloys steel (Sheehan and Schwartzbart), 483. 
Disc., 518. 


stainless steel 
effect of composition 
heat treatment (Whittenberger, Rosenow, 


and Carney), 568. Disc., 586. 
V-notch Charpy 
crack initiation and propagation (Hart 
bower), 521. 
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Insulating Materials 
dielectric measurements 
ultra high frequency (Meahl), 312. 
electrical 
Report of Comm. D-9, 305. 
Report of Comm. D-20, 357. 
therma! conductivity test (Lang). 
in ASTM BwuLtetin, No. 216, 
(TP170). 
Insulating Sleeving 
thermal stability (Snyder and Fantini). Pub- 
lished in ASTM Buttetin, No. 218, Dec., 
59 (TP239). 
International Relations 
Report of Comm. on Standards, 92. 
Ion E xchange 


Published 
Sept., 58 


of Proceedings of STP 195, 1454: 
anion-exchange in metal separations 
(Kraus). 
in analysis of metals (Hague). 
use of resins in analytical 
(Kunin). 
use of techniques in analytical chemistry and 
radiochemistry (Hudgens). 
Irradiation Effect 
zirconium mechanical properties (Kemper and 


Kelly), 823. 


chemistry 


L 

Lacquer 

Report of Comm. D-1, 236. 
Lead 

Report of Comm. B-2, 152. 
Lectures 

Gillett 

chemistry and metallurgy of copper 


(Crampton). Summary of Proceedings, 12. 
Marberg 
chemistry, properties, and applications of 
silicones (Reed). Summary of Proceed- 
ings, 19. 
Lime 
Report of Comm. C-7, 201. 
Loading Test 


philosophy (Dorey and Schriever). Published 


in ASTM Bvuttetin, No. 214, May, 37 
(TP95) (R). 
see also Full-Scale Tests. —_ 
Lubricants 


Report of Comm. D-2, 245. — 
see also, Oils 


M 


Magnesium 
bearing strength test 


elevated temperature (Moore and Gusack), 


834. 
Report of Comm. B-7, 168. 
Magnesium Alloy 
painting 
proposed method 
Report of Comm. D-1 (appendix), 249. 
Magnetic Particle Testing 
Report of Comm. E-7, 461. 
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Malleable Iron | 
Report of Comm. 
Masonry 
mortar 
Report of Comm. C-12, 219. 
Summary of Proceedings of 
Meeting, 45: 
apparent compressive strength of brick 
capping compounds 
effects of type, thickness and age 
(Kelch and Emme). 
brick, mortar and grout testing (Harring- 
ton). 
ceramic industry 
testing tile (Fitzgerald and Kastenbein). 
sampling techniques (James). 
clay masonry walls 
producing blast loading—a test method 
(Johnson). 
clay pipe industry 
importance of testing (Bennett). 
grouted brick masonry—plain and _ rein- 
forced 
test methods (English and Schneider). 
reinforced concrete beams (Mackintosh). 
weathering 
brick-mortars exposed with and without 
caps and flashings (McBurney), 1273. 
Disc., 1283. 
Mass Spectrometry 
Report of Comm. 
Max Hecht Award 
Summary of Proceedings of Fifty-ninth An- 
nual Meeting, 25. 
Membership 
Report of Board of Directors, 60. 
Metal Cleaning 
Report of Comm. D-12, 328. 
Metal Powders 
Report of Comm. B-9, 188. 
Metals, Ferrous 
Summary of Proceedings 
Meeting, STP 196, 37: 
arc welds in mild steel 
isothermal evolution of hydrogen (Flani- 
gan and Lee). 
shotpeening 
effects and specifications (Fuchs). 
stainless steel columns under compression 
loads (Dubuc and Welter). 
steel stressed in torsion 


A-7, 138. 


Pacific Area 


E-14, 475. 


of Pacific Area 


techniques for increasing strength and 

fatigue life (Hendrickson). ¥ 
Metals, Light 

Report of Comm. B-7, 168. : 


Metals, Non-Ferrous 


Summary of Proceedings of Pacific Area 
Meeting, STP 196, 48: 
aluminum 


corrosion resistance in sea water 
evaluating by pit depth measurements 
(Summerson, Pryor, Keir, and Ho- 
gan). 
beryllium copper strip 
effect of cold rolling and heat treating on 
properties (Richards and Smith). 
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copper 
structural chemistry and metallurgy 
condensed version of 1956 Gillett lec- 
ture (Crampton). 
Young’s modulus 
a determination under conditions of re- 
A laxation (Fenn). 
Metals and Allors 
non-ferrous, corrosion of 
Report of Comm. B-3, 154. 
Metallography 
alloy steel 
comparison of surface and volume trans- 
formations (Birks and Seal), 436. 
bainite formation 
observations with thermionic emission 
microscope (Bessen), 415. Disc., 425. 
electron metallography 
electropolishing of ferrous metals (Boswell), 
426. 
electron microstructure 
quenched low-alloy, 


medium-carbon steel 


, (Sernka and Ross), 398 (R). 
nickel-base alloys 
electron microscopic identification of +’ 


phase (Bigelow, Amy, and Brockway), 945. 
preparation of steel specimen 
method for making positive replicas (Le 
Poole and van Wijk), 409. 
Report of Comm. E-4, 396. 
steel 
chemical polishing for electron metallog- 
raphy (Scott), 444 (R). 
preparation of specimens for electron mi- 
croscopy (Le Poole and van Wijk), 409. 
“Methods of Testing 
materials tests 
source and use (Mathes). 
ASTM Bu No. 217, 
Report of Comm. E-1, 372. 


Published 
Oct., 41. 


in 


Report of Comm. D-9, 305. 
-Microchemical Apparatus 
| Report of Comm. E-1, 372 
Microscopy 
Report of Comm. E-1, 372. 
Moisture 
movement through solids (Babbitt). Pub- 
n lished in ASTM ButLietin, No. 212, Feb., 
58 (TP46). 
Mortars 
d chemical-resistant 
Report of Comm. C-3, 199 
masonry 
Report of Comm. C-12, 219. 
a N 
Naval Stores 
Report of Comm. D-17, 344. 
™ Nickel and Nickel Alloys 
. Report of Comm. B-2, 152. 
Nondestructive Testing 
bonded metal sandwich 
nondestructive testing (Anderson). Sum- 
7 mary of Proceedings of Pacific Area 


Meeting, 34. 
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— 


(Berk, 
ASTM 


65 (TP199). 


cylindrical 


radioactive tracers 
internal components 
Ebert, and Keeser). Published in 
BULLETIN, No. 217, Oct., 
Report of Comm. E-7, 461. 
Symposium. Summary of Proceedings of Pa 
cific Area Meeting, STP 213, 38, 40, 43: 
Committee E-7 operation (Bly). 
detection of cracks in small 
specimens 
Eddy current 
(Roffman). 
electronic X-ray image systems 
Jacobs, and Pace). 
magnetic particle, penetrant testing (Migel). 
of heavy metals (Tenney). 
on Southern Pacific Railroad (Pedrick). 
properties of materials 
ultrasonic attenuation and velocity meas- 
urements (Truell). 
radiographic inspection 
recommended practices (Burrill). — 
reference radiographs (Kahn). 
radiographic procedures (Hastings). 
ultrasonic 
evaluation of metal-to-metal 
bonds (Arnold). 
in Europe and America (Erdman). 
inspections of aircraft forgings (Barath). 
reflectoscope calibration techniques (Van 
Valkenburg). 
Subcommittee VI of Committee E-7 
activities and future projects (Smack). 


inspection 


and reluctance methods 


(Holste, 


adhesive 


ultrasonic scanning and recording system 
(McGonnagle and Beck), 1415. Disc., 1423. 
Notch Tensile Behavior 
face centered cubic metals (Ripling), €62. 
Nylon 
inelastic i under compression 
(Hsiao), 1425 ( 


lubricating. pan of Proceedings of Pa- 
cific Area Meeting, ST P 214, 39, 42 and 45: 
Diesel oils 
analysis-unsolved problems (Lasky). 
chromatography (Thomas). 
filtering (Earle). 
a to Symposium—Part II (James). 
_spectrographic analysis 
determination of metals in used oils 
(Perkins, Miller, and Moser). 
direct reading 
additive manufacture 
Rappold). 
evaluation of used railroad oils (Barth). 
introduction to Symposium—Part I 
(Gambrill). 
sampling from Diesel locomotives (Simp- 


(Ramsay and 


son). 
section J Committee report (Bryan). 
X-ray 
refinery control of additive metals 
(Davis). 
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Oils (continued) 
steam turbine. 
Symposium, STP 2/1. Summary of Pro- 
ceedings of Pacific Area Meeting, 34 and 
36: 


additives 
waterleaching (Brennan and Moyer). 
anti-rust additives (Ries, Cook, and Loane). 
antiwear requirements for Navy (King and 
Belt). 
evaluation and performance (von Fuchs). 
fire resistant fluids (Manley, Snyder, and 
Messina). 
rusting in systems (Furby, Hanly, and Vin- 
cent). 
Technical Committee C—section I—organ- 
ization and functional aspects (Kottcamp). 
determination of expected life (Mastin). 


Oxidation Test 


turbine oils 
Report of Comm. D-2, Techn. Comm. C, 
Sect IIT, 281. 


P 
Packaging 
Report of Comm. D-10, 315. 
Paint 
aluminum and aluminum-alloy surfaces 


proposed method 
Report of Comm. D-1 (appendix), 245. 
magnesium alloy surfaces 
proposed method 
Report of Comm. D-1 (appendix), 249. 
Report on Activities of Comm. D-1. Summary 
of Proceedings of Pacific Area Meeting, 
50: 
carbon arc light and water exposure appa- 
ratus 
a study of the quality of water (Singleton). 
drying oils 
the D-1 program (Gallagher). 
gloss measurement—past, present and fu- 
ture (Hammond). 
latex and emulsion paints 
activities of Subcommittee XII (West- 
gate). 
measuring color differences (Ingle). 
preparation of surfaces 
light metal alloys (Wray and Whitby). 
metals (Tuckerman). 
progress review of 
(Weaver). 
Report of Comm. D-1, 236. 
Symposium. Summary of Proceedings of Pa- 
cific Area Meeting, 51, 52, 53: 
glare-reducing window coatings 
a new optical parameter (Hitchcock and 
Starr). 
phosphatizing systems (Spring). 
protective coatings 
metal surfaces in 
(Whiteneck). 
municipal use (Rigdon). 
railroad industry (Grieve). 
silicones in the protective coatings industry 
(Cahn). 


Subcommittee IX. 


marine environments 


SUBJECT 


INDEX 


solvents and thinners (Chittick). , 
viny! metal finishes—testing (Spessard). 
why specifications? 
tests and controls (Pickett). 
tag flash tester 
proposed method 
Report of Comm. D-1 (appendix), 262. 
traffic 
accelerated settling test (Vannoy). Pub- 
lished in ASTM BvLtetin, No. 216, Sept., 
56 (TP168). 
Paper 
Report of Comm. D-6, 297. 
Report of Comm. D-9, 305. 
Papers and Publications 
Report of Comm. on Papers and Publications, 
100. 
Paperboard 
Report of Comm. D-6, 297. 
Particle Size 
Report of Comm. E-1, 372. 
Paving Materials 
Report of Comm. D-4, 289. 
Petroleum 


activities of Committee D-2. Published in 
ASTM Bu ttetrin, No. 213, April, 48. 
cutting fluids 
“active” sulfur content (Brandes). Pub- 
lished in ASTM Bu ttetin, No. 214, 
May, 28. 
lubricants 


extreme pressure properties (Asseff, Levin, 
Sprague, and Cooperators). Published in 
ASTM BUcLtetin, No. 216, Sept., 25. 
Report of Comm. D-2, 245. a 
Petroleum Products 
oxidation of turbine oils - 
Report of Comm. D-2, Techn. Comm C 
Sect. IIT, 281. 
see also Oils 
pH Measurement 
Report of Comm. E-1, 372. 
Symposium. Summary of Proceedings of STP 
1455: 
foreword (Ashcraft). 
indicator acidity functions for nonaqueous 
mixed solvents (Paul and Long). 
meaning and standardization (Bates). 
“measurement 
in analytical chemistry (Sendroy). 
of acidity in nonaqueous media (Kil- 
patrick). 
modern development in instrumentation 
(Clark and Perley). 
‘quar.titative applications in analytical chem- 
istry (Freiser). 
reference electrodes at high temperatures 
and pressures (Leonard). 


Pigments 
Report of Comm. D-1, 236. 
Pipe 
clay i 
Report of Comm. C-4, 200. 
concrete 


Report of Comm. C-13, 220. 
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Pith calcium and magnesium oxides in lime. Pub- 
Report of Comm. D-8, 303. lished in ASTM Buttetin, No. 218, Dec., | 
Plastics 
aging test  garbon black. Published in ASTM BULLETIN, 1 
fluorescent sunlamps (Reinhart and Mutch- No. 215, July, 51. - 
- ler). Published in ASTM Buttetin, No. carnauba wax benzene solubility test 
212, Feb., 45 (TP33). accuracy and usefulness. Published in ASTM 
high speed tension Butietin, No. 214, May, 27. { 
testing machine (Dorsey, McGarry, and ethylene plastics 
Dietz). Published in ASTM Bw Ltetin, environmental stress cracking. Published in ; 
No. 211, Jan., 34 (TP6). ASTM Bt tet, No. 218, Dec., 25. ; 
oscillating strain flash point 
apparatus for measuring (Maxwell). Pub- Report of Comm. D-1 (appendix), 262. 
lished in ASTM Bvttetin, No. 215, July, magnesium 
76 (TP132) (R). Report of Comm. D-1 (appendix), 249. 
Papers on Plastics. Summary of Proceedings paint 
of Pacific Area Meeting, 34: : Report of Comm. D-1 (appendix), 245, 249, 
bonded metal sandwich 442, 445. _ 
nondestructive testing (Anderson). polyvinyl! butyral 
epoxy materials Report of Comm. D-1 (appendix), 445. 
electrical and mechanical measurements projection welding electrical contacts, a ( 
(Delmonte). gested dimensional standard. Published in 
standards—their impact on industry (Stock ASTM Bu ttetrn, No. 217, Oct., 35. 
and Reinhart). sandblasting 
Report of Comm. D-9, 305. Report of Comm. D-1 (appendix), 245. 
Report of Comm. D-20, 357 (appendix), 362. solvents - 
vibrating reed test (Strella). Published in Report of Comm. D-1 (appendix), 262, 442. 
ASTM Butietin, No. 214, May, 47 tag flash tester aad 
(TP105). ——— Report of Comm. D-1 (appendix), 262 
Polishes volatility test 
wax a Report of Comm. D-1 (appendix), 442. 
Report of Comm. D-21, 366. wire-brushing 
Polyethylene Resins Report of Comm. D-1 (appendix), 245. q 
modulus-density relationship 
measuring tensile modulus (Adams and Q 
Supnik). Published in ASTM BULLETIN, Quality Control 
No. 217, Oct., 70 (TP204). ~ Report of Comm. E-11, 466. 
-Polyviny! Quicklime 
proposed met | 
Porcelain Enamels R 
Report of Comm. C-22, 234. 
Preservatives Radiation Effect 
wood Report of Comm. E-10, 465. 
Report of Comm. D-7, 300. Symposium, STP 208. Summary of Proceed- 
-President’s Address ings of Pacific Area Meeting, STP 208, 
annual address (Fellows), 55. 48 and 50: 
-President’s Talks displaced atoms in solids 
research in electric power field (Fellows). Pub- comparison between theory and experi- 
lished in ASTM Buttetin, No. 216, Sept., ment (Dienes). _ 
39 (TP151); No. 215, July, 69 (TP125); an- experimental 
nual address, No. 217, Oct., 21. on graphite (Carter). 
-Prestrain = survey on fuel materials (Bowen). 
torsional and tensile uranium-zirconium alloys 
fracture effects (Rozalskv), 621 (R). effect of heat on irradiation-induced 
Printing Ink dimensional changes (Kittel, Paine, 
Report of Comm. D-1, 236. and Chiswik). 
facilities and mechanics of testing 
a program (Whitney, Chandler, Gates, 
R t of C D-1 ( dix), 245 and Calkins). 
anodic coatings Feldman, and Wilson). 
Report of Comm. D-1 (appendix), 245, 249. Westinghouse testing reactor (De Agazio). 
building materials neutron bombardment 


water vapor transmission. Published in effects on structural materials (Castle- 
ASTM Bvttetin, No. 215, July,63. man). 
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Radiation Effect (continued) 
a 


plain-carbon steels 
effect on notched-bar impact properties 
(Leeser and Deily). 
plain-carbon steels, stainless steels, and non- 
ferrous alloys 
effects on welds and notches (Leeser). 
plastics and elastomers (Sisman and Bopp). 
precipitation hardening alloys—copper-iron 
(Boltax). 
type 347 stainless steel 
tensile and hardness properties 
effects of fast neutrons (Murphy and 
Paine). 


Radioactive Isotopes 


Report of Comm. E-10, 465. 
Symposium, STP 215. Summary of Proceed- 
ings of Pacific Area Meeting, 51, 52: 
activation analysis for industry (DeHaan). 
autoradiography 
potential as a testing technique (Gom- 
berg). 
beta ray backscatter thickness gage applied 
to traffic paint wear studies (Pocock). 
dilution analysis for determining naphtha- 
lene in coal tar (Neville). 
electroplating and _ metal 
(Eisler). 
evaluation of rubber deterioration (Young 
and Richards). 
irradiated organic materials 
problem of establishing specifications (Sis- 
man). 
radiation effects in metals 
influence on ASTM standards? (Wilson 
and Berggren). 
radiation dosimetry problems (Calkins). 
thickness and concentration gaging (Newa- 
check, Kohl, and Forrest). 
tracers 
in soil removal and detergency (Ashcraft). 
refinery scale applications (Guinn, Lu- 
kens, and Wagner). 
Radioactive Tracers 
inspection of internal components (Berk, 
Ebert, and Kesser). Published in ASTM 
BuLLETIN, No. 217, Oct., 65 (TP199). 
Radiography 
quality of inspection (O’Connor and Cris- 
cuolo). Published in ASTM BULtetin, No. 
213, Apr., 53 (TP63) (R). 
Report of Comm. E-7, 461. 
Railroad Materials 
Diesel fuels and lubricants. 
Symposium, STP 2/4. Summary of Pro- 
ceedings of Pacific Area Meeting, 40, 
45: 
cleaning materials 
additives for economy type fuels (Rein- 
hard). 
cleaners and procedures (Ramsey). 
research (Seniff). 
standardization of materials and meth- 
ods (Jursch). 
lubricating requirements as related to 
fuels (Broughten and Moore). 


preservation 


SuByEcT INDEX 


No. 6 residual fuel in 84g x 10 opposed 
piston engine (Beadle). 
operation with dual fuel systems (Garin). 
residual fuels in high speed engines (Jones, 
Kipp and Goodrich). 
Rayon 
Report of Comm. D-13, 332. 
Refractories 
Report of Comm. C-8, 202, 207. 
Relaxation 
high-tensile strength steel wire 
for prestressed concrete (McLean and Siess). 
Published in ASTM Bu Ltetin, No. 211, 
Jan., 46 (TP18); Disc., No. 214, May, 65 
(TP123) (R). 
Research 
electric power field (Fellows). Published in 
ASTM BULLETIN, No. 216, Sept., 39 
(TP151). 
report of Administrative Comm. on Research, 
98. 
Rheological Testing 
elastomers 
low ‘temperature (Chatten, Scoville, and 
Conant). Published in ASTM BU ttetin, 
No. 217, Oct., 47 (TP181). OS 
Road Materials 
Report of Comm. D-4, 289. 
Report of Comm. D-18, 346. 
Road and Paving Materials 
Summary of Proceedings of Pacific Area 
Meeting, STP 212, 37: 
asphalt 
ASTM tests 
correlation on results between labora- 
tories (Zube and Skog). 
oven heat tests-reproducibility (Winni- 


ford). 
viscosity in absolute units 
measurement by sliding-plate micro- 


viscometer (Griffin, Miles, Penther, 
and Simpson). 
strength of granular materials 
effect of aggregate particles (Vallerga, 
Seed, Monismith, and Cooper). 
weathering 
infrared machine-California design (Skog). 
Roofing Materials 
Report of Comm. D-8, 303. 
Rosin 
Report of Comm. D-17, 344. 
Rubber 
Report of Comm. D-11, 319. 
removal from cushioning materials (Rosenthal 
and Papa). Published in ASTM BULLETIN, 
No. 216, Sept., 66 (TP178). 
vulcanized 
stress relaxation. Published in ASTM Bvut- 
LETIN, No. 211, Jan. 32, (TP4). 
Rubber Parts 
specifications in buying (Stringfield). Summary 
of Proceedings of Pacific Area Meeting, 35. 


Sand 
in-place density 
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water content relationship (Griffin). Pub- 
lished in ASTM Bu tetin, No. 212, Feb., 
51 (TP39). 
Sandblasting 
proposed method 
Report of Comm. D-1 (appendix), 245. 
Sandwich Construction 
Symposium, STP 201. Summary of Proceed- 
ings of Pacific Area Meeting, 47 and 51: 
adhesives for aircraft structures 
testing at high temperature (Battalora 
and Pulsifer). 
aluminum honeycomb 
shear strength 


effect of dimensional factors and 
temperature (Cheorvas and Plum- 
tree). 
architectural panels 
selection of materials (Parkinson). _ 
bonded details 


empirical studies—conclusions (Sheridan 
and Merriman). 
for helicopters (Stevens). 
heat resistant materials (Steele). 
metal-to-metal adhesive bonds 
non-destructive evaluation by ultrasonic 
technique (Arnold). 
metal-to-resin adhesion 
determination by stripping test (Snod- 
den). 
testing at elevated temperatures (Kuenzi). 
Shear 
creep rupture 
antimony—lead alloy (Greenwood), 859. 
evaluation of 
test variables (Fenn and Clapper), 842. 
Disc., 858. 
Shellac 
Report of Comm. D-1, 236. 
Shipping Containers 
Report of Comm. D-10, 315. 
Siding Materials 
Report of Comm. D-8, 303. 
Silicones 
chemistry, properties, and applications 
Marburg Lecture (Reed)—Summary of 
Proceedings, 19. 
Simulated Service Testing 
Report of Administrative Comm. on Simulated 
Service Testing, 107. 
Soaps 
Report of Comm. D-12, 328. 
Soils 
applications of environmental testing (Bur- 
mister), 1351. 
deep foundations 
bearing capacity of hardpan (Housel), 1320 
(R). Disc., 1347. 
density, sand cone test 
accuracy control (Coffman). Published in 
ASTM Buttetin, No. 218, Dec., 57 
(TP237). 
gamma ray transmission (Bernhard, Chasek, 
and Griggs), 1288. Disc., 1300. 
judgment and environment (Burmister). Pub- 
lished in ASTM Bvttetin, No. 217, Oct., 
55 (TP189) (R). 


ii, 


Brown, and Yeomans). 
7 foundations and subsurface investigations 
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lime for stabilization of loess (Laguros, David- 
son, Handy, and Chu), 1301 (R). Disc., 1316. 
moisture content, density, void properties 
(McLeod), 1372. Disc., 1396. 
Report of Comm. D-18, 346. 
Papers on Soils. Summary of Proceedings of 
Pacific Area Meeting, STP 206, 39, 41, 44: 
consolidation by vibration 
of pipe bedding—San Diego aqueduct — 
(Holtz). 
with compactors 
for cohesive soil (Converse). 
on granular base courses (White). 
deadman anchorages in sand (Smith). 
determining density and moisture 
radiation methods (Bernhard). 
evaluating friction and cohesion 
a consolidated direct shear test (Palmer 


surveys in 
(Maurseth and 


with electrical resistivity 
Southern California 
Mitchell). 
loading, field tests 
“fixed head” in sand—‘“free head” in clay— 
lateral on instrumented piles (Mason). — 
microseismics (Bernhard). 
resistance 


a generalized theory (Housel). 


soil-cement mixtures 


strength and elastic properties (Felt 
Abrams). 
universal testing machine (Maloney). 7 


shear testing 
Symposium on In-Place Testing by the 
Vane Method. Summary of Proceedings 
of STP 193, 1397: 
an apparatus and method (Gibbs). 
field vane tests in Sweden-5 yr experi- 
ence (Cadling and Lindskog). 
measuring device (Hill). 
present status of vane testing (Oster- 
berg). 
Swedish vane borer design (Kallstenius). 
tests in Gulf of Mexico (Fenske). 
vane testing in Norway (Anderson and 
Bjerrum). 


Solder 
Report of Comm. B-2, 152. 
Symposium. Summary of Proceedings of STP 
189, 1138: 
dip soldered printed circuits (Miller and 
Johns). 
fluxes 
and techniques for aluminum (Dowd). , 
and flux principles (Mample). 
corrosive (MacIntosh). 
non-corrosive—spread 
properties (Sohl). 
use of rosin (Disque). 
in semiconductor devices (Lootens). 
joint strength characteristics ‘ 
copper liner in aluminum casting (Davis). 
dip solder printed circuit joint char- 
acteristics (Johns and Miller). 
electrical connections (Rombach). 
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Solder (continued) 


Symposium (continued) 
gray tin formation in joints stored at low 
temperature (Williams). 
numerical evaluation system (Pessel). 
‘ soft solders at elevated temperatures 
(Pattee and Evans). 
symposium summation (Harnden). 
tin disease in alloys (Bornemann). 
paste solder alloys-industrial survey (Wil- 
liams). 
ultrasonic soldering of aluminum (Jones and 
Thomas). 


Solvents 


degreasing (Kircher). Summary of Proceed- 
ings of Pacific Area Meeting, 35. 
proposed method, 
Report of Comm. D-1 (appendix), 442. 
proposed revised method 
Report of Comm. D-1 (appendix), 262. 


_ Spectrochemical Analysis 


universal method. Published in ASTM But- 
LETIN, No. 216, Sept., 29. 


Speed of Testing 


Report of Comm. E-1, 372. 


Springs 


helical compression 
material for use from 600 to 1400 F (Matters 
and Lochen), 672. Disc., 683. 


Standardization 


actions on standards. Published in ASTM 
BuLtetin, No. 212, Feb., 7; No. 213, Apr., 
33; No. 215, July, 42; No. 216, Sept., 13; 
No. 217, Oct., 29. 

Industry and Government trade technical 
groups and government. Published in ASTM 
BuLtetin, No. 211, Jan., 26 (Mochel); 
No. 214, May, 31. 

legal implications (Irvine). Published in 
ASTM Bu LtetIN, No. 212, Feb., 28. 

Report of Administrative Comm. on Stand- 


ards, 92. 


Statistical Analysis 


Report of Comm. E-11, 466. 


Steam Quality 


Symposium. Summary of Proceedings of STP 

192, 1457: 

construction and operation of Larson-Lane 
analyzers (Sisson, Straub, and Lane). 

corrections to conductivity measurements 
(Parker and Ziobro). 

determination by tracer techniques (Coulter 
and Campbell). 

introduction (Baker). 

measurement and purification to 0.01 ppm 
total dissolved solids (Gurney). 


Steel 


allo 
eee properties (Sheehan and Schwartz- 
bart), 483. Disc., 518. 
bainite formation 
observations with thermionic emission 
microscope (Bessen), 415. Disc., 425. 
chemical polishing for electron metallography 
(Scott), 444 (R). 
comparison of surface and volume transforma- 
tions (Birks and Seal), 436. 


corrosion 
Report of Comm. A-5, 130. 
corrosion-resisting 
Report of Comm. A-10, 140. 
electron metallography 
electropolishing (Boswell), 426. 
electron microstructure 
quenched low-alloy, medium-carbon (Sernka 
and Ross), 398 (R). 
notch strength 
heat treating effects (Sachs, Weiss, and 
Klier), 555. Disc., 565. 
precipitation hardening corrosion resistant 
uni-directional axial tension fatigue tests 
(Weisman, Mellil, and Matsuda). Sum- 
mary of Proceedings of Pacific Area Meet- 
ing, 53. 
preparation of specimen for electron micros- 
copy 
method for making positive replicas (Le 
Poole and van Wijk), 409. 
Report of Comm. A-1, 108. 
rimmed structural 
brittle behavior (Wessel), 540. Disc., 553. 
stainless 
corrosion 
all-glass multiple-test apparatus (Alger, 
Roberts, Lent, and Anderton). Pub- 
lished in ASTM Buttetrin, No. 214, 
May, 57 (TP115). 
effect of composition 
and heat treatment on impact (Whitten- 
berger, Rosenow, and Carey), 568. 
Disc., 586. 
stainless and carbon 
at low temperature (Collins, Ezekiel, Sepp, 
and Rizika), 687. Disc., 699. 
stress-strain relations 
strain rate and temperature effect (Mac 
Donald, Carlson, and Lankford) (R) 704. 
Disc., 721. 


Stone 


natural building 
Report of Comm. C-18, 229. 


Strain Gage 


adhesive bond strain (Norris). Published in 
ASTM Butietin, No. 218, Dec., 40 
(TP218). 


Stress-Hardness Relation 


(Dervishyan). Published in ASTM BULLETIN, 
No. 215, July, 71 (TP127). 


Stress Relaxation 


vulcanized rubber. Published in ASTM But- 
LETIN, No. 211, Jan., 32 (TP4). 


Stress-Rupture 


heat resistant between 600 and 1000 F (Ses- 
sler and Brown), 738. Disc., 753. 


Surface Flammability 


measurement 
using radiant energy source (Robertson, 
Gross, and Loftus), 1437. 


Sustained loading test 


small, inexpensive device (Raring and Rine- 
bolt). Published in ASTM Butietin, No. 
213, Apr., 74 (TP84). 
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Tag Flash Tester 
proposed method 


> 
Report of Comm. D-1 (appendix), 262. 


Tar 
Report of Comm. D-4, 289. 
Report of Comm. D-8, 303. 
Technical Committee Notes, 

Published in ASTM But tetin, No. 215, July 
49; No. 214, May, 
No. 218, Dec., 20. 

Temperature Effect 
creep of aluminum 
effect of creep stress 
history (Sherby, Trozera, and 
789 (R). Disc., 805. 

direct tensile fatigue 
AMS 5765 (S-816) alloy (Hoffman), 1063. 

ductility of metals 
brittle skins effect (Form and 

(R), 645. Disc., 659. 
heat-resistant alloys 
influence of hot working conditions (Ewing 
and Freeman), 756. 

helical compression springs 

materials for use from 600 to 1400 F 

ters and Lochen), 672. Disc., 683. 
magnesium 

bearing strength test (Moore and Gusack), 


Dorn), 


Baldwin) 


(Mat- 


notch tensile behavior 
face centered cubic metals (Ripling), 662. 
Report of Comm. B-4, 155. 
stainless steel 
effect of composition 
and heat treatment on impact (Whitten- 
berger, Rosenow, and Carney), 568. 
Disc., 586 
stainless and carbon steels (Collins, Ezekiel, 
Sepp, and Rizika), 687. Disc., 699. 
stress-rupture 
heat resistant between 600 and 1000 F 
(Sessler and Brown) (R), 738. Disc., 753. 
titanium alloys 
uniform elongation (Holden, Ogden, and 
Jaffee). Summary of Proceedings of Pacific 
Area Meeting, 35. 
torsional and tensile prestrain 
fracture effect (Rozalsky), 621 (R). 
work of joint committee (Smith). Published in 
ASTM But-tetin, No. 212, Feb., 23. 
Tensile Modulus Measurement 
polyethylene resins 
modulus-density relationship (Adams and 
Supnik). Published in ASTM BULLETIN, 
No. 217, Oct., 70 (TP204). 
Tension 
apparatus 
at —320 F to —452 F (Wessel). Published 
in ASTM Bu ttetin No., 211, Jan., 40 
(TP12) (R). 
brittle behavior 
rimmed structural steel (Wessel), 540. Disc., 
«553. 


22; No. 216, Sept., 22; 


Timber 


Titanium 


chromium-nickel-manganese 
stainless sheet steel (Walsh, Cook 
Lula), 923. Disc., 944. 
high-speed machine 
plastics (Dorsey, McGarry and Dietz). Pub- 
lished in ASTM Bu No. 211, Jan., 
34 (TPO). 

Symposium on Tension Testing of Non Metal-| 
lic Materials. Summary of Proceedings of | 
STP 194, 1456: 

adhesives (Dietz). 

introduction (Webber). 

methods for wood, wood-base materials and 
sandwich constructions (Markwardt and 
Youngquist). 

plastics (Reinhart). 

rubber (Tangenberg). 

summary (Webber). 

tensile load-deformation 
tures (Backer). 

tensile strength of paper in industry—pres- 
ent practices (Fachet and Plimpton). 

Test Sites 


atmospheric 
Report of Advisory Comm. on Corrosion, 
191. 
Testing Machines 
Report of Comm. E-1, 372. 
Testing Methods 
Report of Comm. E-1, 372. 
Textile Materials 
Report of Comm. D-13, 332 (appendix), 334 _ 
Thermal Conductivity 
insulating materials 
ASTM 
(TP170). 
Thermal Insulating Materials 
Report of Comm. C-16, 226. 
Thermocouples 
service in reducing atmospheres (Guettel). 
Published in ASTM BvuLtetin, No. 216, 
Sept., 64 (TP176). 
Thermometers 
Report of Comm. E-1, 372. 
Tile 
clay 
Report of Comm. C-15, 224. 
drain 
Report of Comm. C-15, 224. 


‘ 


Report of Comm. B-2, 152. 

Symposium, STP 204. Summary of Pro- 
ceedings of Pacific Area Meeting, 35, 
38, and 41: 

binary, ternary, quarternary 
elevated temperature application (Cross- 

ley, Carew, and Kessler). 

Brinell hardness testing (Baker). 

elastic modulus measurement (Graft and 
Rostoker). 

elevated temperature properties (armen, 
Parris, and Kessler). ve 


and 


of textile struc- 


(Lang). Published in 
BULLETIN, No. 216, Sept., 58 


Report of Comm. D- 
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Titanium (continued) 
Symposium (continued) 
fuming nitric acid 
ignition and stress corrosion cracking 
(Rittenhouse). 
micro notched-bar impact test (Holden, 
Ogden, and Jaffee). 
oxygen analysis (Fowler). 
quality evaluation (Blake and Eck). 
thermal stability (Schwartzberg, Williams, 
“and Jaffee). 
effect of annealing treatment and composi- 
tion (Ogden, Holden, and Jaffee). 
unalloyed 
better uniformity 
techniques (Smith). 
unalloyed sheet (Schapiro and Barry). 
standardized sample 
preparation and testing techniques 
(Folkman and Schussler). 
uniform elongation 
effect of temperature (Holden, Ogden, and 
Jaffee). 
wrought products 
properties and characteristics (Stark). 
Transformer Oil 
Report of Comm. D-9, 305. 
Turbine Oils 
see also, Oils. 
oxidation 
Report of Comm. D-2, Sect. IT, 281. 


through statistical 


U 


Ultrasonic Testing 
Report of Comm. E-7, 461. 
Unsolved Problems 
Published in ASTM Bu tetin, No. 217, Oct., 
36. 


Vv 


Vapor Barriers 
Report of Comm. C-16, 226. 
Report of Comm. D-1, 236. 
Vapor Phase 
Symposium, STP 202. Summary of Pro- 
ceedings of Pacific Area Meeting, 46. 
induction system 
gum—engine versus bench test (Keller 
and Liggett). 
reactions—liquid — or 
Minor and Rudy). 
intake deposit 
effect of fuel (Cabal and Capowski). 
(Scheule). 
see also Gasoline. 
Viscosity Index 
Symposium on Viscosity-Index Systems. Pub- 
lished in ASTM Bu Ltetin, No. 215, July: 
comparison of proposals (Geniesse),. 81 
(TP137) 
viscosity-temperature function (Wright), 84 
(TP140). 
use of ASTM slope for predicting viscosities 
(Klaus and Fenske), 87 (TP143) (R). 
Volatility Test 


vapor? (Nixon, 


SuBpyect INDEX 


proposed method, 
Report of Comm. D-1 (appendix), 442. 
Vulcanized Rubber 
stress relaxation. Discussion. Published in 


ASTM Buttetin, No. 211, Jan., 32 (TP4) 


Water 

appearance 

Report of Comm. D-19, 349. 
boiler feedwater 

Report of Comm. D-19, 349. 
evaporative industry 

Report of Comm. D-19, 349. 
industrial 

Report of Comm. D-19, 349. 
industrial wastes 

Report of Comm. D-19, 349. 

Symposium on Industrial Water and In- 
dustrial Waste Water, STP 207. Sum- 
mary of Proceedings of Pacific Area 
Meeting, 49: 

Committee D-19: the first quarter century 
(Adams). 

industrial and industrial waste 
treatment by organic flocculants and 
flocculating aids (Rice). 
industrial waste 
problems in Southern California (Wilson). 
pollution control in Los Angeles area 


(Johnston). 
water purification (Elliott). 
testing methods 


Report of Comm. D-12, 349. 
Report of Comm. D-19 (appendix), 355. 
Water Vapor Transmission 
building materials 
proposed methods. Published in ASTM 
BULLETIN, No. 215, July, 63. 
Waterproofing 
Report of Comm. D-8, 303. 
Wax 
floor 
Report of Comm. D-21, 366. 
natural 
Report of Comm. D-21, 366. 
Wear 
nitrided chromium applications (McGee and 
Sump). Published in ASTM BUuLLetin, No. 
217, Oct., 58 (TP192). 
Weathering 
brick masonry 
mortars exposed with and without caps and 
flashings (McBurney), 1273, Disc., 1283. 
Whiteware 
ceramic 
Report of Comm. C-21, 232. 
Wire-Brushing 
proposed method, 
Report of Comm. D-1 (appendix), 245. 
Wire Testing 
atmospheric exposure 
Report of Subcommittee XV of Comm. 
A-5, 133. 
Wood 
for marine use. 
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Symposium on Wood for Marine Use and 
its Protection from Marine Organisms, 
STP 200. Summary of Proceedings 
of Pacific Area Meeting, 36: 

marine organisms—borers 
distribution in U. S. 
Turner). 
importance of local species in specifying 
protecting agents (Vind, Maraoka, 
Casey, and Hochman). 
migration (Edmondson). 
performance tests of heavy metal com- 
pounds inhibitors (Roe, Hochman, and 
Holden). 
treated with preservatives 
exposure tests (Richards). 
glued- laminated constructions. 
Proceedings of Pacific 
STP 209, 46: 
developments (Eby). 
dimension lumber 
range in strength qualities (Wood). 
engineered design and construction 
(Ketchum). 


factors affecting strength and design (Freas) 


(Menzies and 


Summary of 
Area Meeting, 


Wood Poles 


1497 


softwood plywood design and construction 
(Countryman). 
Report of Comm. D-7, 300. 
research program. Published in . 
LETIN, No. 214, May, 25. 
Summary of Proceedings of 
Meeting, 40: 
for communication lines (Lumsden). 
need for research (Markwardt). 
production in relation to forest resource 
(Matson). 
specifications (Smith). 
testing for ASTM (Wood). 


Pacific Area 


Wool 


Report of Comm. D-13, 332. 


Wrought Iron 


Report of Comm. A-2, 126 


Z 


Zinc 


Report of Comm. B-2, 152. 


Zirconium 


irradiation effect on mechanical properties 
(Kemper and Kelly), 823. 
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1956 PAPERS 
LIST OF SPECIAL TECHNICAL PUBLICATIONS 


The publications listed below have been compiled during the year 
1956 to be issued as separate publications not included in either Pro- 


ceedings or ASTM But etn. For a list of earlier Special Technical 


Publications, see the original listings in Proceedings, Volume 48 


page 1352, and the supplementary listings in Volume 49, page 1240, 


Volume 50, page 1490, Volume 51, page 1322, Volume 52, page 1309, 
Volume 53, page 1197, Volume 54, page 1388, and Volume 55, page 
1250. A complete list of Special Technical Publications covering all 


publications, up to and including 1950, is included in the 50 Year In- 
dex to ASTM Publications. Also a complete list up to and including 


1955 is published in the Five-Year Index to ASTM Publications 


(1951-1955). 


SPECIAL 
TECHNICAL 


PUBLICATION 


TITLE 


NuMBER 


7-B Significance of Tests of Petroleum 


58-C 


Products (1956) 

1955 Supplement to the Bibliography 
and Abstracts on Electrical Con- 
tacts (1956). 

Report on Standard Samples and Re- 
lated Materials for Spectrochemical 
Analysis, Compiled by Robert E. 
Michaelis (1956). 

Bibliographical Abstracts for Methods 
for Analysis of Synthetic Deter- 
gents (1888-1956) 

Method for Reducing the Effect of 
Barometric Pressure in Measure- 
ment of Octane Number (1956) 

Relaxation Properties of Steels and 
Super-Strength Alloys at Elevated 
Temperatures (1956) 

Symposium on Minimum Property 
Values of Electrical Insulating 
Materials (1956) 

Symposium on Solder (1956) 

Symposium on pH Measurement 
(1956) 

Symposium on Specific Gravity of 
Bituminous Coated Aggregates 
(1956) 

Symposium on Steam Quality (1956) 

Symposium on In-Place Shear Test- 
ing of Foundation Soil by the Vane 
Method (1956) 

Symposium on Tension Testing of 
Non-Metallic Materials (1956) 

Symposium on lIon-Exchange and 
Chromatography in Analytical 
Chemistry (1956) 

*Papers on Metals (1956) 


SPECIAL 


TECHNICAL 


PUBLICATION 
NUMBER 


197 


198 
199 
200 
201 
202 
203 
204 


205 


206 
207 


208 


209 


TITLE 


Symposium on Properties, Tests, and 
Performance of Electrodeposited 
Metallic Coatings (1956) 

Symposium on Corona (1956) 

Elevated Temperature Properties of 
Wrought Medium-Carbon Alloy 
Steels (1956) 

*Symposium on Wood for Marine Use 
(1956) 

*Symposium on Structural Sandwich 
Construction (1956) 

*Symposium on Vapor Phase (1956) 

Unassigned 

*Symposium on Titanium (1956) 

*Papers on Cement and Concrete 
(1956) 

*Papers on Soils (1956) 

*Symposium on Industrial Water and 
Industrial Waste Water (1956) 

*Symposium on Radiation Effects 
(1956) 

*Design and Tests of Building Con- 
struction—Seismic and Shock Load- 
ing and Glued Laminated Construc- 
tions (1956) 

*Symposium on Full-Scale Tests on 
House Structures (1956) 

*Symposium on Steam Turbine Oils 
(1956) 

*Papers on Road and Paving Mate- 
rials (1956) 

*Symposium on Nondestructive Test- 
ing (1956) 

*Symposium on Railroad Materials 
Including Lubricating Oils (1956) 
*Symposium on Radioactive Isotopes 

(1956) 


*West Coast Papers. 
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